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Dehydroepiandrosterone improves the ovarian reserve of women 
with diminished ovarian reserve and is a potential regulator of the 
immune response in the ovaries

Jiali Zhang1,2, Xuemin Qiu1,2, Yuyan Gui1,2, Yingping Xu1,2, Dajin Li1,2, Ling Wang1,2,*

1 Laboratory for Reproductive Immunology, Hospital & Institute of Obstetrics and Gynecology, IBS, Fudan University Shanghai 
Medical College, Shanghai, China;

2 Shanghai Key Laboratory of Female Reproductive Endocrine-related Disorders, Shanghai, China.

*Address correspondence to:
Dr. Ling Wang, Obstetrics & Gynecology Hospital of Fudan 
University, 413 Zhaozhou Road, Shanghai 200011, China.
E-mail: dr.wangling@fudan.edu.cn

1. Introduction

Ovarian reserve decreases within a certain range as 
women age. Women with a lower ovarian reserve 
outside of this range are identified as having diminished 
ovarian reserve (DOR). Reduced ovarian reserve 
consists of a decline in the number of primordial 
follicles, a decrease in the size of the dynamic reserve 
of small antral follicles, and a deterioration in oocyte 

quality. These changes are evident as women age. 
Some genetic mutations and disorders of the endocrine 
system can accelerate or modulate the rate at which 
the ovarian reserve is exhausted and cause premature 
ovarian insufficiency (POI) (1). Among the various 
causes of DOR, abnormal immune function may be a 
great contributor to this phenomenon (2). Patients with 
DOR often become infertile and have a poor response 
to in vitro fertilization (IVF) (3,4). Researchers have 
developed different protocols to solve this problem, 
but none of them has proven to be ideal for such 
patients (5-7). Dehydroepiandrosterone (DHEA) is 
a C19 androgenic steroid that has been found to be 
effective in many areas. Decades of observational 

Summary Diminished ovarian reserve (DOR) has a high morbidity rate worldwide and has become 
a primary cause of infertility. DOR is a daunting obstacle in in vitro fertilization (IVF) 
and leads to poor ovarian response, high cancellation rates, poor IVF outcomes, and 
low pregnancy rates. Abnormal autoimmune function may also contribute to DOR. 
Dehydroepiandrosterone (DHEA) is a C19 androgenic steroid. DHEA is secreted mainly 
by the adrenal gland, and its secretion declines with age. DHEA has a pro-inflammatory 
immune function that opposes cortisol. The cortisol to DHEA ratio increases with age, 
which may lead to decreased immune function. DHEA supplementation helps improve this 
situation. A number of clinical case control studies and several prospective randomized 
clinical trials have observed a positive effect of DHEA supplementation in women with 
DOR. However, the underlying mechanism by which DHEA improves ovarian reserve 
remains unclear. DHEA functions as an immune regulator in many different tissues in 
mammals and may also play an important role in regulating the immune response in the 
ovaries. The conversion of DHEA to downstream sex steroids may allow it to regulate the 
immune response there. DHEA can also enhance the Th1 immune response and regulate 
the balance of the Th1/Th2 response. DHEA treatment can increase selective T lymphocyte 
infiltration in mice, resulting in a decline in the CD4+ T lymphocyte population and an 
upregulation of the CD8+ T lymphocyte population in ovarian tissue, thus regulating the 
balance of CD4+/CD8+ T cells. This review mainly focuses on how DHEA supplementation 
affects regulation of the immune response in the ovaries.

Keywords: Dehydroepiandrosterone (DHEA), diminished ovarian reserve (DOR), immune 
response, cytokine, lymphocytes, endocrino-immune network

DOI: 10.5582/bst.2015.01154Review
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studies both in clinical settings and in animals have 
found that the levels of DHEA(S) are inversely 
associated with cardiovascular risk, morbidity, and 
mortality (8). In ovariectomized rabbits, DHEA was 
found to protect against atherosclerosis because it 
alleviated inflammation in endothelial cells (9). DHEA 
is able to cross the brain-blood barrier. DHEA also has 
neuroactive characteristics and it has positive effects 
on human mood, emotions, and behaviors (10,11). 
In 2000, Casson et al. were the first to use DHEA 
supplementation in women with DOR to improve the 
response to ovarian stimulation (12). Many researchers 
have devoted their attention to the effects of DHEA 
supplementation in women with DOR. Narkwichean 
et al. conducted a meta-analysis that showed that 
DHEA administration resulted in a significant increase 
in the number of oocytes retrieved in women with 
DOR according to some clinical trials. However, more 
clinical trials must be performed to verify the results 
(13). In ovariectomized sheep, DHEA supplementation 
was effective at in vivo ovarian folliculogenesis (14). 
Similar results have been observed with Wistar rats 
in an in vivo model (15). However, the underlying 
mechanism by which DHEA improves ovarian reserve 
remains unclear. DHEA can regulate immune cell 
function (16), and it may regulate the function of 
many different types of tissue in mammals. Utilizing a 
human subcutaneous preadipocyte cell line, Chub-S7, 
McNeils et al. found that DHEA inhibition of the 
amplification of glucocorticoid action was mediated by 
11β-hydroxysteroid dehydrogenase type 1 (11β-HSD1) 
(17). Lazaridis et al. performed an in vitro study that 
showed that DHEA also served as a neurosteroid, 
directly interacting with nerve growth factor (NGF) to 
prevent neuronal apoptosis (18). In ovariectomized rats, 
DHEA showed the potential to correct oxidative stress-
induced endothelial dysfunction (19). Thus, DHEA 
may play an important role in regulating the immune 
response in the ovaries. DHEA treatment may also 
modulate the lymphocyte response in both human and 
animal trials (20,21). The current review mainly focuses 
on how DHEA supplementation affects regulation of 
the immune response in the ovaries.

2. DHEA supplementation has proven effective in 
women 

DHEA (5-androsten-3β-ol-17-one) is a C19 androgenic 
steroid (Figure 1) that is secreted primarily by the 
adrenal zona reticularis. DHEA is synthesized by the 
steroidogenic enzyme P450c17 and partly by the ovary 
(22). The secretion of DHEA has a diurnal rhythm 
similar to that of cortisol (23,24). In humans, the intra-
individual concentrations of DHEA and its sulphate, 
DHEAS, steadily decline with advancing age, unlike 
those of other androgenic steroids. The concentration 
peaks during the third decade of life, with a clear sex 

difference since adult women have lower concentrations 
of DHEA than men (25-27). Given this characteristic of 
age-related decline, DHEA supplementation may help 
to improve age-related damage in human beings. To 
date, no studies have noted an apparent effect of DHEA 
in healthy males (28). Some double-blind placebo-
controlled trials have demonstrated that DHEA does not 
markedly improve well-being or cognitive function in 
healthy elderly men and women over age 50 (28,29). 
However, DHEA was found to modulate immune 
function in postmenopausal women (30). DHEA is also 
reported to affect cardiovascular and immunological 
function differently in women and men (31).

2.1. The effects of DHEA supplementation in women 
with DOR

There are no set criteria for DOR thus far, but women 
with DOR share a poor ovarian response to stimulation 
as well as high cancellation rates and low pregnancy 
rates. A poor ovarian response in a previous IVF-
embryo transfer (ET) cycle means that fewer oocytes 
were retrieved or that these oocytes were less mature 
follicles after high-dose gonadotropin stimulation. 
Different researchers have defined this process 
differently. Many studies have investigated the effects 
of DHEA supplementation on ovarian function. Twelve 
of those studies were analyzed in the current study (see 
Table 1). DHEA supplementation is usually oral and 
administered at 25 mg, three times a day, or 75-90 mg 
for the entire day, for 6 to 24 weeks. A previous case-
control study showed that DHEA improved ovarian 
reserve and that it significantly increased antral follicle 
counts (AFCs), anti-Müllerian hormone (AMH) levels 
(32-34), numbers of fertilized oocytes, normal day 3 
embryos, embryos transferred, and the average embryo 
score per oocyte (35) while significantly decreasing day 
3 follicle-stimulating hormone (FSH) (33), fertilized 
aneuploid embryos (36), and miscarriage rates (37) (all 
p-values < 0.05). Estradiol (E2) levels tripled according 
to two studies (12,38) but decreased according to a third 
(34). Several randomized prospective controlled studies 
investigated the effects of DHEA supplementation 
but their results were inconsistent. Some researchers 
obtained the same results as described earlier (34,38-
40), but the number of oocytes retrieved and the 
fertilization rate remained inconsistent (38,40,41), 
whereas others failed to show that DHEA was effective 
at improving IVF outcomes (40,41). These studies, 
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Figure 1. Chemical structure of DHEA.



www.biosciencetrends.com

BioScience Trends. 2015; 9(6):350-359. 352

A
bb

re
vi

at
io

ns
: ↑

, i
nc

re
as

ed
; ↓

, d
ec

re
as

ed
; D

H
EA

, d
eh

yd
ro

ep
ia

nd
ro

st
er

on
e;

 D
O

R
, d

im
in

is
he

d 
ov

ar
ia

n 
re

se
rv

e;
 P

O
R

, p
oo

r o
va

ria
n 

re
se

rv
e;

 E
2,

 e
st

ra
di

ol
; A

M
H

, a
nt

i-M
ül

le
ria

n 
ho

rm
on

e;
 F

SH
, f

ol
lic

le
 s

tim
ul

at
in

g 
ho

rm
on

e;
 

LH
, l

ut
ei

ni
zi

ng
 h

or
m

on
e;

 I
V

F,
 in

 v
itr

o 
fe

rti
liz

at
io

n;
 I

U
I, 

in
tra

ut
er

in
e 

in
se

m
in

at
io

n;
 I

V
F-

ET
, i

n 
vi

tro
 f

er
til

iz
at

io
n-

em
br

yo
 tr

an
sf

er
; A

FC
, a

nt
ra

l f
ol

lic
le

 c
ou

nt
; P

O
I, 

pr
em

at
ur

e 
ov

ar
ia

n 
in

su
ff

ic
ie

nc
y;

 I
V

F-
IC

SI
, i

n 
vi

tro
 

fe
rti

liz
at

io
n-

in
tra

cy
to

pl
as

m
ic

 sp
er

m
 in

je
ct

io
n;

 B
M

P-
15

, b
on

e 
m

or
ph

og
en

et
ic

 p
ro

te
in

-1
5.

T
ab

le
 1

. E
ffi  

ca
cy

 o
f D

H
E

A
 su

pp
le

m
en

ta
tio

n 
pr

io
r 

to
 IV

F 
cy

cl
e

Re
f.

C
as

so
n

et
 a

l.
(1

2)

B
ar

ad
et

 a
l.

(3
5)

G
le

ic
he

r
et

 a
l.

(3
7)

G
le

ic
he

r 
et

 a
l.

(3
6)

G
le

ic
he

r 
et

 a
l.

(3
2)

W
ei

ss
m

an
 

et
 a

l.
(8

9)

Y
ilm

az
et

 a
l.

(3
3)

D
ef

in
iti

on
 o

f D
O

R

P
oo

r 
re

sp
on

se
 t

o 
hi

gh
-d

os
e 

go
na

do
tro

pi
n 

sti
m

ul
at

io
n 

(p
ea

k 
E2

 
< 

50
0 

pg
/m

L 
an

d 
m

at
ur

e 
fo

lli
cl

e 
≤ 

2) FS
H

 >
 1

0 
m

IU
/m

L 
or

 E
2 

>7
5 

pq
/

m
L 

(2
75

.3
 p

m
ol

/L
)

FS
H

 >
 1

0 
m

IU
/m

l o
r E

2 
> 

75
 p

q/
m

L 
(2

75
.3

 p
m

ol
/L

)

ab
no

rm
al

ly
 e

le
va

te
d 

ag
e-

sp
ec

ifi
c 

ba
se

lin
e 

FS
H

 o
r 

ab
no

rm
al

ly
 lo

w
 

ag
e-

sp
ec

ifi
c A

M
H

A
M

H
 c

on
ce

nt
ra

ti
on

s 
w

er
e 

ev
al

ua
te

d 
as

 a
 re

fle
ct

io
n 

of
 o

va
ria

n 
re

se
rv

e

Po
or

 o
va

ria
n 

re
sp

on
se

 in
 p

re
vi

ou
s 

IV
F

-E
T

 c
yc

le
s 

(h
ig

h-
do

se
 

go
na

do
tr

op
in

 s
ti

m
ul

at
io

n:
 <

 5
 

oo
cy

te
s 

re
tri

ev
ed

, ≤
 3

 f
ol

lic
le

s 
of

 
16

 m
m

 o
r l

ar
ge

r e
ac

h 
on

 th
e 

da
y 

of
 

cy
cl

e 
ca

nc
el

la
tio

n,
 s

er
um

 E
2 

le
ve

l 
< 

50
0 

pg
/m

L 
on

 th
e 

da
y 

of
 h

C
G

 
ad

m
in

ist
ra

tio
n)

A
FC

 <
 5

 o
r A

M
H

 <
 1

.1
 n

g/
m

L 
an

d 
a 

pr
ev

io
us

 p
oo

r o
va

ria
n 

re
sp

on
se

St
ud

y 
ty

pe

A
 s

er
ie

s 
of

 c
as

e 
stu

di
es

C
as

e-
co

nt
ro

l 
stu

dy

C
as

e-
co

nt
ro

l 
stu

dy

1:
2 

m
at

ch
ed

 c
as

e 
co

nt
ro

l s
tu

dy

R
et

ro
sp

ec
ti

ve
 

cr
os

s-
se

ct
io

na
l 

an
d 

lo
ng

itu
di

na
l 

an
al

ys
is

C
as

e-
co

nt
ro

l 
stu

dy

C
as

e-
se

ct
io

na
l 

stu
dy

St
ud

y 
ob

je
ct

5 
w

om
en

 w
ith

 u
ne

xp
la

in
ed

 in
fe

rti
lit

y 
(u

nd
er

 a
ge

 4
1,

 F
SH

 <
 2

0 
m

IU
/m

L)

25
 w

om
en

 w
ith

 D
O

R
 a

nd
 r

ep
ea

te
d 

IV
F 

fa
ilu

re

22
 c

on
se

cu
tiv

e 
pa

tie
nt

s w
ith

 D
O

R

12
0 

w
om

en
 w

ith
 D

O
R

15
 w

om
en

 w
ith

 D
O

R

41
 w

om
en

 (
ag

e 
≤ 

40
 y

ea
rs

) 
w

ith
 

D
O

R
 w

er
e 

di
vi

de
d 

in
to

 tw
o 

gr
ou

ps
: 

ag
e 

< 
35

 o
r ≥

 3
5

28
0 

w
om

en
 (

m
ea

n 
ag

e 
30

.9
7 

± 
5.

76
 y

ea
rs

) 
w

er
e 

di
vi

de
d 

ra
nd

om
ly

 
in

to
 tw

o 
gr

ou
ps

: 1
04

 w
om

en
 in

 th
e 

D
H

EA
 g

ro
up

 a
nd

 1
04

 w
om

en
 in

 th
e 

co
nt

ro
l g

ro
up

Ro
ut

e 
of

 m
ed

ic
at

io
n

O
ra

l, 
tw

ic
e 

a 
da

y 
fo

r 2
 m

on
th

s, 
pr

io
r t

o 
IU

I

O
ra

l, 
th

re
e 

tim
es

 a
 d

ay
, f

or
 1

7 
± 

2.
13

 w
ee

ks

O
ra

l, 
th

re
e 

tim
es

 a
 d

ay

O
ra

l, 
th

re
e 

tim
es

 a
 d

ay
, f

or
 a

t 
le

as
t 4

 w
ee

ks

O
ra

l, 
th

re
e 

tim
es

 a
 d

ay
, f

or
 7

3 
± 

27
 d

ay
s

O
ra

l, 
on

ce
 a

 d
ay

 d
ur

in
g 

th
e 

fo
lli

cu
la

r p
ha

se
 in

 IV
F

O
ra

l, 
th

re
e 

tim
es

 a
 d

ay
 p

rio
r 

to
 

as
sis

te
d 

re
pr

od
uc

tiv
e 

te
ch

no
lo

gy
 

fo
r a

t l
ea

st 
6 

w
ee

ks

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 M

et
ho

ds

D
os

e

80
 m

g

25
 m

g

25
 m

g

25
 m

g

25
 m

g

75
 m

g

25
 m

g

Re
su

lt 
(P

 v
al

ue
)

↑ 
D

H
E

A
s,

 t
es

to
st

er
on

e,
 

re
sp

on
si

ve
ne

ss
, p

ea
k 

E2
, a

nd
 

E2
/a

m
po

ul
e 

ra
tio

 (
0.

01
2)

. O
ne

 
ac

hi
ev

ed
 tw

in
 p

re
gn

an
cy

. T
he

 
E2

 le
ve

l t
rip

le
d 

in
 a

ll 
fiv

e 
ca

se
s. 

Th
e 

nu
m

be
r o

f o
oc

yt
es

 d
ou

bl
ed

↑ 
fe

rti
liz

ed
 o

oc
yt

es
 (

< 
0.

00
1)

, 
no

rm
al

 d
ay

3 
em

br
yo

s (
< 

0.
00

1)
, 

em
br

yo
s 

tr
an

sf
er

re
d 

(0
.0

05
) 

an
d 

av
er

ag
e 

em
br

yo
 s

co
re

 p
er

 
oo

cy
te

 (<
 0

.0
01

)

↓ 
m

isc
ar

ria
ge

 ra
te

 a
t a

ll 
ag

es
, b

ut
 

m
os

t p
ro

no
un

ce
d 

ab
ov

e 
ag

e 
35

 

↓ 
nu

m
be

r 
(=

 0
.0

29
) 

an
d 

pe
rc

en
ta

ge
 (

<
 0

.0
01

) 
of

 
an

eu
pl

oi
d 

em
br

yo
s

↑ 
A

M
H

 c
on

ce
nt

ra
ti

on
s 

(=
 

0.
00

2)
 a

nd
 w

om
en

 a
ge

 <
 3

8 
re

sp
on

de
d 

m
or

e 
th

an
 w

om
en

 
w

ho
 w

er
e 

ol
de

r. 
A

M
H

 im
pr

ov
ed

 
pr

eg
na

nc
y 

ra
te

s 
lo

ng
itu

di
na

lly
 

by
 6

0%
 (<

 0
.0

00
2)

, a
nd

 IV
F,

 b
y 

23
.6

4%
, c

om
pa

re
d 

w
ith

 th
os

e 
no

t t
re

at
ed

 (=
 0

.0
01

)

↑ 
 p

ro
ge

st
er

on
e 

on
 d

ay
 5

 
of

 s
ti

m
ul

at
io

n 
(<

 0
.0

00
1)

; 
in

cr
ea

se
d 

pr
og

es
te

ro
ne

 o
n 

th
e 

da
y 

of
 h

C
G

 a
dm

in
is

tra
tio

n 
(<

 
0.

00
01

);
 S

im
il

ar
 n

um
be

r 
of

 
re

tri
ev

ed
 a

nd
 fe

rti
liz

ed
 o

oc
yt

es

Si
gn

if
ic

an
t 

di
ff

er
en

ce
s 

w
er

e 
se

en
 in

 b
ot

h 
gr

ou
ps

 a
fte

r D
H

EA
 

su
pp

le
m

en
ta

tio
n:

 ↑
 A

FC
 (0

.0
01

), 
A

M
H

 (
0.

00
2)

 a
nd

 i
nh

ib
in

 B
 

(0
.0

01
), 

↓ 
da

y 
3 

FS
H

 (
0.

00
1)

 
an

d 
es

tra
di

ol
 (0

.0
01

).

Co
nc

lu
sio

n

It
 i

m
pr

ov
es

 t
he

 r
es

po
ns

e 
to

 
ov

ar
ia

n 
st

im
ul

at
io

n 
af

te
r 

co
nt

ro
lli

ng
 f

or
 g

on
ad

ot
ro

pi
n 

do
se

C
on

fi
rm

s 
th

e 
pr

ev
io

us
ly

 
re

po
rt

ed
 b

en
ef

ic
ia

l 
ef

fe
ct

s 
of

 
D

H
E

A
 s

up
pl

em
en

ta
ti

on
 o

n 
ov

ar
ia

n 
fu

nc
tio

n 
in

 w
om

en
 w

ith
 

D
O

R

M
is

ca
rr

ia
ge

 r
at

es
 a

fte
r 

D
H

EA
 

w
er

e 
no

t 
on

ly
 l

ow
er

 i
n 

an
 

av
er

ag
e 

IV
F 

po
pu

la
tio

n 
bu

t w
er

e 
co

m
pa

ra
bl

e 
w

ith
 r

at
es

 r
ep

or
te

d 
in

 n
or

m
al

 fe
rti

le
 p

op
ul

at
io

ns

B
en

ef
ic

ia
l 

D
H

E
A

 e
ff

ec
ts

 o
n 

D
O

R
 p

at
ie

nt
s 

ar
e 

th
e 

li
ke

ly
 

co
ns

eq
ue

nc
e 

of
 lo

w
er

 e
m

br
yo

 
an

eu
pl

oi
dy

D
H

E
A

 s
u

p
p

le
m

en
ta

ti
o

n 
si

gn
ifi

ca
nt

ly
 im

pr
ov

ed
 o

va
ria

n 
re

se
rv

e 
in

 p
ar

al
le

l w
ith

 lo
ng

er
 

D
H

EA
 u

se
 a

nd
 i

m
pr

ov
em

en
t 

w
as

 m
or

e 
pr

on
ou

nc
ed

 i
n 

yo
un

ge
r w

om
en

D
H

EA
 a

dm
in

is
tr

at
io

n 
du

ri
ng

 
IV

F 
cy

cl
es

 in
 w

om
en

 w
ith

 D
O

R 
ca

us
es

 a
 s

ig
ni

fic
an

t e
le

va
tio

n 
of

 
pr

og
es

te
ro

ne
 le

ve
ls

 w
ith

ou
t a

n 
ap

pa
re

nt
 d

el
et

er
io

us
 e

ff
ec

t o
n 

cy
cl

e 
ou

tc
om

e

D
H

EA
 s

up
pl

em
en

ta
tio

n 
is

 a
n 

ef
fe

ct
iv

e 
op

ti
on

 f
or

 p
at

ie
nt

s 
w

ith
 D

O
R

 a
s 

an
 a

lte
rn

at
iv

e 
to

 
oo

cy
te

 d
on

at
io

n 
pr

io
r t

o 
as

sis
te

d 
re

pr
od

uc
tio

n

(T
ab

le
 c

on
tin

ue
d 

on
 n

ex
t p

ag
e)



www.biosciencetrends.com

BioScience Trends. 2015; 9(6):350-359.353

T
ab

le
 1

. E
ffi  

ca
cy

 o
f D

H
E

A
 su

pp
le

m
en

ta
tio

n 
pr

io
r 

to
 IV

F 
cy

cl
e

Re
f.

K
ar

a
et

 a
l.

(4
1)

Zh
an

g
et

 a
l.

(3
8)

Po
li

et
 a

l.
(4

0)

Ts
ui

et
 a

l.
(3

4)

Ta
rta

gn
i

et
 a

l.
(3

9)

D
ef

in
iti

on
 o

f D
O

R

PO
R

: s
er

um
 A

M
H

 <
 1

 n
g/

m
L 

or
 

se
ru

m
 F

SH
 >

 1
5 

IU
/L

 a
nd

 A
FC

 <
 

4 
on

 d
ay

 2
 o

f t
he

 m
en

str
ua

l c
yc

le
.

Fu
lfi

lls
 a

ny
 o

f 
th

e 
fo

llo
w

in
g:

 (
1)

 
da

y 
3 

FS
H

 l
ev

el
 ≥

 1
0 

nI
U

/L
 o

r 
FS

H
/L

H
 >

 3
:2

; (
2)

 A
FC

 <
 5

; o
r (

3)
 

a 
pr

ev
io

us
 p

oo
r 

ov
ar

ia
n 

re
sp

on
se

 
to

 o
va

ria
n 

sti
m

ul
at

io
n:

 re
tri

ev
al

 o
f 

fe
w

er
 th

an
 f

iv
e 

oo
cy

te
s 

or
 c

yc
le

 
ca

nc
el

la
tio

n 
du

e 
to

 p
oo

r 
re

sp
on

se
 

to
 o

va
ria

n 
sti

m
ul

at
io

n

PO
R

: 
In

di
vi

du
al

s 
to

 w
ho

m
 t

he
 

fo
llo

w
in

g 
ap

pl
y:

 (
1)

 F
SH

 >
 1

5 
nI

U
/L

 o
r 

A
M

H
 <

 1
 n

g/
m

L;
 (

2)
 

ab
no

rm
al

ly
 lo

w
 A

FC
 <

 4
 o

n 
da

y2
 

of
 t

he
ir

 m
en

st
ru

al
 c

yc
le

; 
(3

) 
an

 
un

su
cc

es
sf

ul
 f

le
xi

bl
e 

da
ily

 G
nR

H
 

an
ta

go
ni

st 
in

 th
e 

fir
st 

IV
F 

cy
cl

e

O
ut

 o
f t

he
 n

or
m

al
 ra

ng
e:

 (1
) D

ay
 3

 
FS

H
 <

 1
0 

IU
/L

; (
2)

 A
M

H
:2

.8
~6

.8
 

ng
/L

; (
3)

 in
hi

bi
n 

> 
45

 p
g/

m
L

St
ud

y 
ty

pe

R
an

do
m

iz
ed

, 
p

ro
sp

e
c

ti
v

e 
co

nt
ro

lle
d 

stu
dy

R
an

do
m

iz
ed

, 
p

ro
sp

e
c

ti
v

e 
co

nt
ro

lle
d 

stu
dy

E
xp

er
im

en
ta

l 
pr

os
pe

ct
iv

e,
 p

re
-

po
st 

stu
dy

P
ro

sp
ec

ti
v

e 
stu

dy

D
ou

bl
e 

bl
in

d,
 

ra
n

d
o

m
iz

ed
, 

p
l

a
c

e
b

o
-

co
nt

ro
lle

d 
stu

dy

St
ud

y 
ob

je
ct

28
0 

w
om

en
 (

m
ea

n 
ag

e 
30

.9
7 

± 
5.

76
 y

ea
rs

) 
w

er
e 

di
vi

de
d 

ra
nd

om
ly

 
in

to
 tw

o 
gr

ou
ps

: 1
04

 w
om

en
 in

 th
e 

D
H

EA
 g

ro
up

 a
nd

 1
04

 w
om

en
 in

 th
e 

co
nt

ro
l g

ro
up

95
 w

om
en

 w
ith

 D
O

R
 w

er
e 

di
vi

de
d 

ra
nd

om
ly

 in
to

 tw
o 

gr
ou

ps
: 4

2 
in

 th
e 

D
H

EA
 g

ro
up

 a
nd

 5
3 

in
 th

e 
co

nt
ro

l 
gr

ou
p.

29
 w

om
en

 w
it

h 
D

O
R

 o
r 

a 
po

or
 

re
sp

on
se

 in
 a

 p
rio

r I
V

F 
cy

cl
e

10
 w

om
en

 w
ith

 P
O

R

10
9 

in
fe

rti
le

 p
at

ie
nt

s (
ag

es
 3

6-
40

 a
nd

 
fa

ile
d 

in
 th

e 
fir

st
 I

V
F 

cy
cl

e)
 w

er
e 

di
vi

de
d 

in
to

 2
 g

ro
up

s:
 (

1)
 D

H
EA

 
gr

ou
p 

an
d 

(2
) c

on
tro

l g
ro

up
.

Ro
ut

e 
of

 m
ed

ic
at

io
n

O
ra

l, 
on

ce
 a

 d
ay

 p
rio

r 
to

 I
V

F-
IC

SI

O
ra

l,
 o

n
ce

 a
 d

ay
 f

o
r 

3 
co

ns
ec

ut
iv

e 
m

en
st

ru
al

 c
yc

le
s 

be
fo

re
 e

nt
er

in
g 

IV
F 

cy
cl

e

O
ra

l, 
on

ce
 a

 d
ay

 f
or

 8
 w

ee
ks

 
be

fo
re

 s
tim

ul
at

io
n 

w
ith

 F
SH

 in
 

IV
F 

cy
cl

e.

O
ra

l, 
th

re
e 

tim
es

 a
 d

ay
 p

rio
r 

to
 

ne
xt

 I
V

F 
cy

cl
e 

fo
r 

3 
m

on
th

s 
(m

ea
n:

 1
2.

2 
w

ee
ks

)

O
ra

l, 
on

ce
 a

 d
ay

, f
ro

m
 8

 w
ee

ks
 

be
fo

re
 n

ex
t I

V
F 

cy
cl

e

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 M

et
ho

ds

D
os

e

75
 m

g

75
 m

g

75
 m

g

30
 m

g

75
 m

g

Re
su

lt 
(P

 v
al

ue
)

Th
e 

nu
m

be
r o

f o
oc

yt
es

 re
tri

ev
ed

 
an

d 
th

e 
fe

rt
ili

za
tio

n 
ra

te
 a

re
 

sl
ig

ht
ly

 h
ig

he
r 

in
 t

he
 s

tu
dy

 
gr

ou
p.

 T
he

 p
re

gn
an

cy
 r

at
e 

is
 

hi
gh

er
 in

 th
e 

co
nt

ro
l g

ro
up

. N
o 

si
gn

if
ic

an
t 

di
ff

er
en

ce
 c

an
 b

e 
ob

se
rv

ed

T
he

 D
H

E
A

 g
ro

up
 h

ad
 a

 
sig

ni
fic

an
t i

nc
re

as
e 

in
 th

e 
se

ru
m

 
le

ve
l 

of
 A

M
H

 (
0.

01
5)

, 
FS

H
 

(0
.0

36
) 

an
d 

E2
 (

0.
00

2)
, B

M
P-

15
 i

n 
fo

lli
cu

la
r 

fl
ui

d 
sa

m
pl

es
 

(0
.0

00
), 

an
d 

th
e 

ac
cu

m
ul

at
ed

 
sc

or
e 

of
 e

m
br

yo
s (

0.
03

3)

Si
gn

if
ic

an
t 

in
cr

ea
se

 i
n 

th
e 

nu
m

be
r o

f t
he

 re
tri

ev
ed

 o
oc

yt
es

 
(<

 0
.0

1)
 a

nd
 th

e 
oo

cy
te

 q
ua

lit
y 

(0
.0

02
). 

Si
gn

ifi
ca

nt
 d

ec
re

as
e 

in
 

ca
nc

el
le

d 
IV

F 
cy

cl
es

 (0
.0

03
)

Si
gn

ifi
ca

nt
 in

cr
ea

se
 in

 A
FC

 (
< 

0.
05

), 
A

M
H

 (<
 0

.0
01

), 
nu

m
be

rs
 

of
 r

et
ri

ev
ed

 o
oc

yt
es

 (
< 

0.
01

), 
fe

rt
ili

ze
d 

oo
cy

te
s 

(<
 0

.0
01

), 
da

y 
3 

em
br

yo
s 

(<
 0

.0
01

), 
an

d 
tr

an
sf

er
re

d 
em

br
yo

s 
(<

 0
.0

1)
. 

Si
gn

ifi
ca

nt
 d

ec
re

as
e 

in
 D

ay
 3

 
FS

H
 a

nd
 E

2 
(b

ot
h 

< 
0.

00
1)

Si
gn

ifi
ca

nt
ly

 h
ig

he
r 

liv
e 

bi
rth

 
ra

te
 (

< 
0.

05
) 

in
 t

he
 D

H
E

A 
gr

ou
p 

an
d 

si
gn

ifi
ca

nt
ly

 h
ig

he
r 

m
is

ca
rr

ia
ge

 r
at

e 
in

 th
e 

co
nt

ro
l 

gr
ou

p 
(<

 0
.0

5)
.

Co
nc

lu
sio

n

Fa
il

ed
 t

o 
sh

ow
 t

ha
t 

D
H

E
A 

su
pp

le
m

en
ta

tio
n 

en
ha

nc
es

 IV
F-

IC
SI

 o
ut

co
m

es
 in

 w
om

en
 w

ith
 

po
or

 o
va

ria
n 

re
se

rv
e

C
on

fir
m

s 
th

e 
be

ne
fic

ia
l e

ff
ec

t 
of

 D
H

EA
 fo

r i
nf

er
til

ity
 p

at
ie

nt
s 

w
ith

 D
O

R

C
on

fir
m

ed
 th

e 
be

ne
fic

ia
l e

ffe
ct

 
of

 D
H

E
A

 i
n 

pa
ti

en
ts

 w
ho

 
w

er
e 

po
or

 r
es

po
nd

er
s 

to
 I

V
F 

tre
at

m
en

ts.
 D

H
EA

 a
pp

ea
rs

 to
 b

e 
an

 e
ff

ec
tiv

e 
tre

at
m

en
t f

or
 a

ge
 

re
la

te
d 

su
b-

fe
rti

lit
y.

Th
e 

po
te

nt
ia

l b
en

ef
its

 o
f D

H
EA

 
su

pp
le

m
en

ta
ti

on
 i

n 
w

om
en

 
w

ith
 P

O
R

 w
er

e 
su

gg
es

te
d 

by
 

bi
oc

he
m

ic
al

 p
ar

am
et

er
s a

nd
 IV

F 
ou

tc
om

es
.

D
H

E
A

 m
ay

 s
ig

ni
fi

ca
nt

ly
 

im
pr

ov
e 

IV
F 

ou
tc

om
es

 i
n 

in
fe

rti
le

 w
om

en
 w

ith
 a

dv
an

ce
d 

re
pr

od
uc

tiv
e 

ag
e 

an
d 

no
rm

al
 

ov
ar

ia
n 

re
se

rv
e.(T

ab
le

 c
on

tin
ue

d)

A
bb

re
vi

at
io

ns
: ↑

, i
nc

re
as

ed
; ↓

, d
ec

re
as

ed
; D

H
EA

, d
eh

yd
ro

ep
ia

nd
ro

st
er

on
e;

 D
O

R
, d

im
in

is
he

d 
ov

ar
ia

n 
re

se
rv

e;
 P

O
R

, p
oo

r o
va

ria
n 

re
se

rv
e;

 E
2,

 e
st

ra
di

ol
; A

M
H

, a
nt

i-M
ül

le
ria

n 
ho

rm
on

e;
 F

SH
, f

ol
lic

le
 s

tim
ul

at
in

g 
ho

rm
on

e;
 

LH
, l

ut
ei

ni
zi

ng
 h

or
m

on
e;

 I
V

F,
 in

 v
itr

o 
fe

rti
liz

at
io

n;
 I

U
I, 

in
tra

ut
er

in
e 

in
se

m
in

at
io

n;
 I

V
F-

ET
, i

n 
vi

tro
 f

er
til

iz
at

io
n-

em
br

yo
 tr

an
sf

er
; A

FC
, a

nt
ra

l f
ol

lic
le

 c
ou

nt
; P

O
I, 

pr
em

at
ur

e 
ov

ar
ia

n 
in

su
ff

ic
ie

nc
y;

 I
V

F-
IC

SI
, i

n 
vi

tro
 

fe
rti

liz
at

io
n-

in
tra

cy
to

pl
as

m
ic

 sp
er

m
 in

je
ct

io
n;

 B
M

P-
15

, b
on

e 
m

or
ph

og
en

et
ic

 p
ro

te
in

-1
5.



www.biosciencetrends.com

BioScience Trends. 2015; 9(6):350-359. 354

however, cannot be compared statistically since there 
were no set criteria to define DOR. Usually, DOR was 
defined as abnormally elevated age-specific baseline 
FSH levels and/or abnormally low AMH levels (42-44), 
elevated inhibin-B levels, and AFCs less than 4 to 5 
(33,34,38,41).

2.2. Immune function of DHEA

Use of DHEA has been described in many areas and 
is mainly considered because of its immunoregulatory 
function. DHEA has an effect on human neuroendocrine 
cells and plays an important role in immune regulation, 
especially by balancing pro-inflammatory and anti-
inflammatory signals. Humans develop inflammation 
with age, which involves the up-regulation of certain 
pro-inflammatory cytokines, such as interleukin (IL)-1, 
IL-6, tumor necrosis factor (TNF)-α, IL-12, interferon 
(IFN)-α, and IFN-β. In old age, these cytokines 
negatively impact various systems in the body (45-
47). This leads to an unbalanced relationship between 
pro-inflammatory cytokines and anti-inflammatory 
cytokines (IL-4, IL-6, IL-13, IL-10) (48). DHEA is 
part of the hypothalamus-pituitary-adrenal (HPA) axis. 
When the HPA axis is activated, both cortisol and 
DHEA are released. Cortisol has an anti-inflammatory 
effect, whereas DHEA appears to have an opposing 
effect. As DHEA levels decline with age, the molar 
ratio of cortisol to DHEAS increases and may interact 
with weakened immune function (49,50). Elderly 
bereaved participants showed decreased production of 
neutrophil reactive oxygen species and an increased 
cortisol to DHEAS ratio (10). DHEA supplementation 
has a positive effect on immunity in the elderly. 
Treatment with 20 mg/kg DHEA for 8 weeks reversed 
antioxidant parameters, such as decreased superoxide 
dismutase activity in the brain and heart, decreased 
inducible nitric oxide synthase mRNA levels, and 
increased heme oxygenase mRNA levels, in aged rats 
(51). Buoso et al. found that cortisol acted in a dose-
related manner in vitro and in vivo on human guanine 
nucleotide binding protein and the beta polypeptide 2 
like 1 (GNB2 L1) promoter repressor, which reduced 
receptor for Activated C Kinase 1(RACK-1) mRNA 
and protein expression. Prolonged DHEA exposure 
counteracted the effects of cortisol and restored RACK-
1 levels and cytokine production (assessed with 
lipopolysaccharide (LPS)-induced TNF-α release); 
this most likely occurred as a result of interfering with 
glucocorticoid receptor binding to the glucocorticoid 
responsive element (GRE) sequence (52). Furthermore, 
DHEA supplementation has been proven to be effective 
in treating other diseases and improving organ function 
and survival. However, these mechanisms are not yet 
fully understood. Over the past few years, an increasing 
number of researchers have turned their attention to 
the effects of DHEA on regulation of the immune 

response, but these effects have been produced in non-
human mammals. In aged baboons, researchers found 
increased serum C-reactive protein and increased 
cytokine release from unstimulated peripheral blood 
mononuclear cells. Supplementary DHEA improved 
outcomes in a murine polymicrobial sepsis and trauma 
model by restoring TNF-α in the liver and lungs after 
48 hours and attenuating it in the liver after 96 hours, 
much like a time- and organ-dependent modulator 
(53). DHEA supplementation also leads to a restoration 
of splenocyte proliferation, a decrease in the rate of 
cellular apoptosis of splenocytes, and an attenuation 
of increased IL-6 levels (54). DHEA also restored 
peripheral blood mononuclear cell (PBMC) function 
and increased the ability of human PBMCs patients 
with depressed immune function to release pro-
inflammatory cytokines (IL-1β, IL-6, and TNF-α) 
following major abdominal surgery (55). 

3. DHEA and the immune response in the ovaries

The level of the immune response in the ovaries 
changes with age along with the ovarian reserve. There 
is substantial interaction between the immune system 
and the ovaries as immune cells are associated with 
regulation at every level of the hypothalamus-pituitary-
ovarian axis by regulating growth and regression of 
both follicles and the corpus luteum (56-58). In adult 
ovaries, activated myeloid dendritic cells (MDC) also 
play a role in follicular development and atresia, as 
well as differentiation of the corpus luteum. MDC and 
T cells massively infiltrate the corpus luteum, resulting 
in parenchymal and vascular regression, which then 
leads to the demise of the corpus luteum (59). DHEA 
improves the ovarian reserve of women with age-
related DOR women with POI even though POI is 
more closely related to ovarian immune disorders. 
Young women who have a history or family history 
of autoimmunity are at risk for POI (60,61). There are 
many types of autoimmune abnormalities (Table 2). 
There are three different types of autoimmune ovarian 
insufficiency: autoimmune ovarian insufficiency 
associated with adrenal autoimmunity, autoimmune 

Table 2. Types of autoimmune abnormalities

Type of auto-antibody

Antinuclear antibody

Anti-phospholipid
antibody

Anti-thyroid antibodies

Anti-adrenal antibodies

Anti-ovarian antibodies

Total immunoglobulins

Containing

                                  _

lupus anticoagulant, anti-phosphatidylserine, 
anti-cardiolipin, β2-glycoprotein (IgG, IgM, 
IgA)

anti-thyroglobulin, anti-thyroid peroxidase

anti-21-hydroxylase

non-specifi c

IgG, IgM, IgA, IgE
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ovarian insufficiency associated with non-adrenal 
autoimmunity, and isolated idiopathic POI (iPOI) (62); 
adrenal autoimmunity is the most prevalent (2,63). 
Researchers tested for triple CGG repeats on both 
alleles of the fragile X mental retardation 1 (FMR1) 
gene and assessed autoimmune status (including 
an antiphospholipid antibody panel, an antinuclear 
antibody panel, total immunoglobulin levels, thyroid 
antibodies, and antiadrenal antibodies), and then they 
found that abnormal autoimmune function, including 
expansions in triple CGG repeats on the FMR1 gene, 
increased the risk for POI (64,65).
 Although the effects of DHEA supplementation 
in women with DOR are readi ly evident ,  the 
mechanism behind these effects remains unclear. 
Given the complex immune function of DHEA and 
ovarian immune disorders in women with DOR, some 
researchers have begun to explore the immune function 
of DHEA in women with DOR. However, the research 
reports to date on this topic are extremely limited. Only 
a few studies have been conducted and their results are 
summarized below.

3.1. Conversion to other steroids

No certain specific receptor for DHEA has been found 
to date, and some theories suggest that DHEA may 
function once steroidogenic enzymes convert it to 
other downstream steroids, especially sex steroids such 
as estrone and androgens (Figure 2). Small structural 
changes in androgens result in markedly different 
biological effects. Steroidogenic enzymes have tissue-
specific patterns of expression; thus, DHEA may have 
a special function. These steroids interact critically 
with immune function. Estrone can shift the female 
immune system to a Th2-type response in the luteal 
phase, whereas postmenopausal women often exhibit 
enhanced Th1 cytokines (66). As mentioned previously, 

DHEA can restore PBMC function and increase the 
ability of human PBMCs to release pro-inflammatory 
cytokines after surgery via the estrogen receptor; this 
immunomodulatory effect of DHEA appears to be 
connected to estrogen receptors (55). Although total 
androgen concentrations were not associated with 
pregnancy during DHEA supplementation in women 
with POI, interaction between DHEA and total and free 
testosterone also significantly affected pregnancy rates 
at the start of an IVF cycle (67). Total testosterone is 
significantly lower in women with POI or abnormal 
FMR1 genotypes (68). The efficiency of androgen 
conversion from DHEA to testosterone and the 
amplitude of testosterone gain are related to pregnancy 
rates. Conversion is usually more pronounced in young 
women and women with selected FMR1 genotypes/
subgenotypes (69). DHEA and testosterone also 
suppressed canavalin A (Con A)-induced proliferation 
of thymocytes in vitro, and DHEA is less potent than 
testosterone, which means that the balance between 
the two steroids can alter immune homeostasis (70). 
Testosterone and estradiol levels vary widely after 
DHEA administration, and the testosterone to estradiol 
ratio increased significantly in seven healthy nonobese 
postmenopausal women (71).
 When steroidogenic enzymes convert DHEA to 
other steroids, those enzymes have a substantial effect 
on the immune response. Although women with POI 
have a poor ovarian follicle pool compared to healthy 
fertile women, women with POI and steroidogenic cell 
autoimmunity (SCA-POI), which involves circulating 
autoantibodies directed against steroidogenic enzymes 
such as 21-α-hydroxylase, 17-β-hydroxylase, and 
side-chain cleavage enzyme (P450sccAb) (72-76), 
have a better ovarian reserve than women with iPOI 
and postmenopausal women. Steroid sulphatase is 
controlled by an x-linked gene. Women have twice 
the amount of steroid sulphatase in macrophages. The 

Figure 2. Path for conversion of DHEA to other downstream steroids. Abbreviations: DHEA, dehydroepiandrosterone; DHEAS, 
dehydroepiandrosterone sulphate; HSD17B,17β-hydroxysteroid dehydrogenase isoenzymes; HSD3B, 3β-hydrogenase isoenzymes; 
CYP19A1, P450 aromatase; SRD5A, 5α-reductase isoenzymes; AKR1C, 3α-hydroxysteroid dehydrogenase isoenzymes.
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macrophages enter peripheral lymphoid organs through 
afferent lymphatic drainage (77,78). IL-4, which is 
a typical Th2 cytokine, increases the expression of 
3-beta-hydroxysteroid dehydrogenase type 2 (HSD3B2) 
mRNA, and thus may lead to the increased production 
of estrogen from DHEA (79).

3.2. Balance of the Th1 and Th2 immune response

Cytokines have an extremely important place in the 
immune response. They can influence communication 
between T cells, macrophages, and other immune cells. 
Numerous studies in mice and humans have deduced 
the presence of T helper (Th) cells based on the profile 
of cytokine secretion. The Th1-type immune response 
is thought to be associated with IgG2a production, 
which is driven by cytokines such as IFN-γ, IL-2, 
TNF-α, and IL-12, whereas the Th2-type immune 
response involves IgE production driven by specific 
cytokines (IL-4, IL-5, IL-10, and IL-13) (80,81). 
DHEA restores the cell-mediated immune response of 
pro-inflammatory cytokines (IL-1, IL-6, TNF-α, and 
IL-18). Mice treated with DHEA exhibited increased 
production of cytokines such as serum TNF-α, IL-6, IL-
12p70, and IFN-γ (82,83). DHEA supplementation also 
increases vascular cell adhesion molecule 1 (VCAM-1) 
and intercellular cell adhesion molecule 1 (ICAM-1) in 
the granulosa cell layer of cysts and the theca cell layer 
of all follicles and cysts when DHEA androgenization 
induces the formation of cysts (83). DHEA may 
improve ovarian function in women with poor ovarian 
response by activating anti-apoptotic processes in 
cumulus cells. These processes most likely involve the 
upregulation of genes related to extracellular matrix 
(ECM) formation and downregulating genes related 
to cell development, differentiation, and apoptosis 
(84). In other areas, DHEA supplementation has been 
reported to have an effect on regulation of the Th1/Th2 
response. In ovalbumin-sensitized asthmatic female 
mice, Th2-associated cytokines and chemokines were 
inhibited after DHEA administration, which led to 
hyper-responsiveness (85). DHEA decreased the release 
of anti-inflammatory cytokines (IL-2 and IL-10, which 
are also Th2-associated cytokines) and it reduced the 
expression of the activation marker CD69 on CD4+ 
T cells (20). All of these effects may bring about an 
enhanced Th1 response and a weakened Th2 response 
and lead to a new balance in the Th1/Th2 response.

3.3. Balance between CD4+/CD8+ T cells

DHEA also improves immune function by regulating 
the proliferation of and balance between different types 
of lymphocytes. During the culturing of T lymphocytes 
from BALB/c mice in vitro, DHEA did not change the 
viability of T lymphocytes, but it did increase oxidative 
stress by reducing antioxidant molecules, such as 

glutathione (GSH) (86). Burdick et al. conducted a 
study and found that oral administration of DHEAs in 
young pigs increased in vitro lymphocyte proliferation 
following immunization and that it increased the in 
vivo response of immunization against keyhole limpet 
haemocyanin (KLH), thus increasing the neutrophil 
to lymphocyte ratio and increasing the concentration 
of IgG (21). DHEA effects opposite those of cortisol; 
thus, the cortisol to DHEA ratio may influence the 
differentiation of T cells. Extrathymic (DP) CD4+/
CD8+ T cells positively correlated with circulating 
levels of TNF-α and with the cortisol/DHEAs ratio (87). 
Flow cytometry showed that DHEA treatment in mice 
significantly increased the CD4+ lymphocyte population 
and decreased the CD8+ lymphocyte population, thus 
modulating the CD4+/CD8+ lymphocyte balance in both 
ovarian tissue and retroperitoneal lymph nodes (82). This 
may be due to the selective T lymphocyte infiltration of 
ovarian tissue (88).

4. Conclusion

DHEA attenuates diminished ovarian reserve and helps 
to obtain better results in IVF cycles. DHEA may 
modulate ovarian immunity through its conversion 
to other downstream steroids, by balancing the Th1/
Th2 immune response, or by modulating the types and 
behavior of T lymphocytes. The mechanism underlying 
the immune effects of DHEA on ovarian tissue needs to 
be studied further.
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1. Introduction

Inorganic polyphosphate [Poly(P)] is a linear polymer 
consisting of tens to hundreds of orthophosphate 
residues linked by high-energy phosphoanhydride 
bonds. In mammals, Poly(P) is found in erythrocytes 
and cells of the brain, heart, lung, and liver (1-4). The 
most researched and well-known role of Poly(P) is in 
the promotion of intracellular calcification (5). Because 
Poly(P) induces alkaline phosphate (ALP) activity 
and up-regulates osteopontin (OP) and osteocalcin 
(OC) gene expression (6), Poly(P) is thought to play 
an important role in the maturation of bone-related 
immature cells, and may be involved in the construction 
of bone tissue by osteoblasts.
 In addition to blood vessels and nerves, fibroblasts 
are a significant component of dental pulp tissue (7) 

and thus might represent a novel therapeutic target 
for treating pulpitis. However, the effect of Poly(P) 
regulation of differentiation on dental pulp fibroblast-
like cells (DPFCs) has not been well defined. 
 Matrix metalloproteinase (MMP)-3 and interstitial 
collagenase (MMP-1) are produced by fibroblasts in 
response to increased levels of inflammatory cytokines 
in dental pulp injury and diseases such as periodontitis 
and rheumatoid arthritis (8,9). MMP-3 has been 
implicated in the joint and soft-tissue destruction 
associated with these conditions, where it participates in 
the inflammatory response (10-14). MMP-3 synthesis 
is tightly controlled in vivo (13,15). Our previous study 
reported that proinflammatory cytokine-induced MMP-
3 actually accelerates wound healing following dental 
pulp injury (16-18) and promotes cell proliferation 
(17,19,20). 
 Recently, roles of Poly(P) have been suggested in 
apoptosis and modulation of the mineralization process 
in bone tissue (21,22). We previously reported that 
Poly(P) induces MMP-3-mediated proliferation of 
odontoblast-like cells derived from induced pluripotent 
stem cells (23). Although we previously reported that 

Summary Inorganic polyphosphate [Poly(P)] induces differentiation of osteoblastic cells. In this 
study, matrix metalloproteinase (MMP)-3 small interfering RNA (siRNA) was transfected 
into purified rat dental pulp fibroblast-like cells (DPFCs) to investigate whether MMP-3 
activity induced by Poly(P) is associated with cell differentiation into osteogenic cells. Real-
time quantitative polymerase chain reaction, western blotting, and an MMP-3 activity 
assay were used in this study. Poly(P) enhanced expression of mature odontoblast markers 
dentin sialophosphoprotein (DSPP) and dentin matrix protein (DMP)-1 in DPFCs. These 
cells also developed an osteogenic phenotype with increased expression of osteocalcin 
(OC) and osteopontin (OP), high alkaline phosphatase (ALP) activity, and an increased 
calcification capacity. Poly(P) induced the expression of MMP-3 mRNA and protein, and 
increased MMP-3 activity. MMP-3 siRNA potently suppressed the expression of osteogenic 
biomarkers ALP, OC, OP, DSPP, and DMP-1, and blocked osteogenic calcification. Taken 
together, Poly(P)-induced MMP-3 regulates differentiation of osteogenic cells from DPFCs.
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Poly(P)-induced MMP-3-mediated proliferation of 
rat DPFCs is mediated by a Wnt5 signaling cascade 
(24), it is unknown whether Poly(P) is associated 
with differentiation. Therefore, we investigated the 
physiological effect of Poly(P) on DPFC differentiation 
in vitro. We reveal a novel role of Poly(P) in the 
regulation of MMP-3 activity during the differentiation 
of osteogenic cells from DPFCs.

2. Materials and Methods

2.1. Materials

Type-65 Poly(P) with an average chain length of 
65 phosphate residues was prepared from sodium 
tripolyphosphate (Taihei Chemical Industrial Co., Ltd., 
Osaka, Japan). Concentrations of Poly(P) are shown in 
terms of phosphate residues (25). As a control, sodium 
phosphate buffer (pH 6.9) was used instead of Poly(P).

2.2. Cell culture

The study protocol (No. 63) was reviewed and approved 
by the Animal Experimentation Committee, School of 
Dentistry, Aichi Gakuin University, Japan. DPFCs were 
isolated from rat incisors and cultured using a previously 
described protocol (20). The proportion of platelet-
derived growth factor receptor (PDGFR)-α positive cells 
in the total fibroblast-like cell population is a measure 
of the purity of DPFCs (24). Therefore, using flow 
cytometry, we evaluated the ratio of PDGFR-α-positive 
cells as a percentage of the total differentiated cells to 
determine the purity of the differentiated cell population. 
Our DPFC cultures showed 98.64 ± 5.2% homogeneity 
(% total, n = 3). In all experiments, DPFCs were used 
at passages 2-5. Cells were seeded into six-well tissue 
culture plates at a density of 1 × 105 cells/cm2. To expose 
the cells to Poly(P), the culture medium was replaced 
with alpha-minimal essential medium containing 10% 
fetal bovine serum and Poly(P), followed by 7 days of 
culture.

2.3. Functional assay for assessment of the osteogenic 
phenotype

To assess the phenotype of the cultured cells, we 
measured ALP activity and calcification (as a marker of 
differentiation). ALP activity was determined using an 
ALP Staining Kit (Primary Cell Co., Ltd., Hokkaido, 
Japan). Mineralization from the Poly(P)-treated cells 
was quantified using an Alizarin red S (ARS) assay 
(Sigma-Aldrich, St. Louis, MO, USA). ARS staining 
was quantified using a previously reported method 
(26) and photographed using a BZ-9000 microscope 
(Keyence, Osaka, Japan) and/or an IN Cell Analyzer 
2000 (GE Healthcare UK Ltd, Buckinghamshire, 
England).

2.4. Real-time quantitative polymerase chain reaction 
(qRT-PCR) analysis

qRT-PCR was performed for all samples and standards 
in triplicate with approximately 25 ng RNA, 0.25 mL 
Quantitect RT Mix (Qiagen Inc., Valencia, CA, USA), 
and 1.25 mL of 20× Primer/Probe Mix (rat ALP [ALPL]: 
Rn00575319_g1; rat OC [BGLAP]: Rn00566386_g1; 
rat OP [SPP1]: Rn01449972_m1; rat DSPP [DSPP]: 
Rn02132391_s1; rat DMP-1 [DMP-1]: Rn01450120_
m1; rat MMP-3: Rn00591740_m1; human MMP-1 (rat 
available): Hs00899658_m1; rat MMP-2: Rn01538170_
m1; rat MMP-9: Rn00579162_m1; rat MMP-13: 
Rn01448194_m1). The standard curve method was 
used to determine the relative quantification of 
gene expression with glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) and 18S rRNA as controls. 
Analysis was performed by the delta-delta Ct method.

2.5. Western blot analysis

Cells were cultured for 6 h with or without Poly(P) 
and then lysed using cell lysis buffer (Cell Signaling 
Technology Japan, K.K., Tokyo, Japan). Protein lysates 
were separated on SDS-polyacrylamide gels (12%) in 
preparation for western blot analysis using anti-ALP, 
-OC, -OP, -MMP-3, -DMP-1, and -β-tubulin polyclonal 
antibodies (sc-271431, sc-30044, sc-10593, sc-6839, 
sc-5538, sc-13595, sc-6840, sc-30073, and sc-9935, 
respectively; Santa Cruz Biotechnology, Inc., Santa Cruz, 
CA, USA). Visualization of blotted protein bands was 
performed using a Multi Gauge-Ver3.X (Fujifilm, Tokyo, 
Japan).

2.6. Measurement of MMP-3 activity

The protocol for measurement of MMP-3 activity 
has been described previously (27,28) and is now 
a commercially available MMP-3 activity assay kit 
(SensoLyte™ 520 MMP-3 assay kit; AnaSpec, San Jose, 
CA, USA).

2.7. Silencing of the MMP-3 gene by small interfering 
RNA (siRNA) transfection

Commercially available MMP-3 siRNA (sc-61874, 
Santa Cruz Biotechnology, Inc.) was transfected into 
cultured cells using an siRNA reagent system (sc-
45064, Santa Cruz Biotechnology, Inc.) according to the 
manufacturer's protocol. GAPDH siRNA and a control 
siRNA without known homology to any vertebrate 
sequence (Thermo Scientific, Lafayette, CO, USA) were 
used as positive and negative controls, respectively.

2.8. Statistical analysis

Data presented in bar graphs are the means ± standard 
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 The majority of Poly(P)-treated DPFCs showed 
strong ALP expression, whereas control cells had 
undetectable ALP expression (Figure 1B-b). Extensive 
deposits of calcified matrix were observed in Poly(P)-
treated DPFC cultures, whereas calcified matrix was 
not apparent in control cell cultures (Figure 1C-b). 
Consistently, Poly(P) treatment induced a marked 
increase in ARS signals (Figure 1C-a, b). Taken 
together, Poly(P) induced osteogenic cells from 
DPFCs.

3.2. Poly(P) induces expression of MMP-3 mRNA and 
MMP-3 activity in DPFCs

MMP-3 induction by 0.1 mM Poly(P) was assessed 
using qRT-PCR to measure changes in MMP-3 mRNA 
expression. The levels of MMP-3 mRNA expression 
in Poly(P)-treated cells were significantly increased 
(p < 0.05) at days 3, 5, and 7 of culture (Figure 2A). 
Furthermore, MMP-3 activity was significantly 
increased (p < 0.01) at days 3, 5, and 7 following 
treatment of DPFCs with Poly(P) for 24 h (Figure 2C). 

deviation (S.D.) of four to six independent experiments. 
Statistical significance was assessed using the Mann-
Whitney U-test. A p-value of < 0.05 was considered 
statistically significant.

3. Results

3.1. Poly(P) induces osteogenic differentiation of 
DPFCs

We previously analyzed the effect of Poly(P) on cell 
proliferation of DPFCs, and found that 0.1 mM Poly(P) 
is an optimal concentration to enhance the cell growth, 
whereas > 0.2 mM Poly(P) results in potent inhibition 
of cell proliferation (24).
 To examine whether Poly(P) induced osteogenic 
characteristics in DPFCs, the cells were cultured in 
the presence of 0.1 mM Poly(P) for 7 days. Both qRT-
PCR and western blotting revealed higher expression 
of osteogenic differentiation markers ALPL(ALP), 
BGLAP(OC), SPP1(OP), DSPP, and DMP-1 (Figure 
1A-a, b).

Figure 1. Expression of differentiation markers during osteogenic differentiation induced by Poly(P). (A-a) DPFCs were 
treated with Poly(P for 7 days. Expression of osteogenic differentiation markers was assessed by qRT-PCR, including ALPL, 
BGLAP, SPP1, DSPP, and DMP-1. (*p < 0.05, **p < 0.01 vs. control). Data are presented as means ± S.D. and are representative of 
at least three independent experiments. Similar changes in the protein expression levels of these markers were observed in western 
blot analyses (A-b). ALP activity was measured in DPFCs treated with or without Poly(P). (B-a,b) ALP activity was measured by 
absorbance at 405 nm and normalized against total protein (**p < 0.01 vs. control). Scale bar: 100 μm. (C-a,b) ARS staining of 
DPFCs treated with Poly(P) (*p < 0.05 vs. control). Scale bar: 100 μm.
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Bone-associated cells also express other MMP proteins 
including MMP-1, MMP-2, MMP-9, and MMP-13 (29-
31). However, we found no significant changes in their 
expression levels in DPFCs treated with 0.1 mM Poly(P) 
(Figure 2B). 
 MMP-3 activity is precisely regulated at the post-
translational level as a precursor zymogen and by 
endogenous tissue inhibitors of metalloproteinases 
(TIMPs) (32). Although TIMP-2 and TIMP-3 are known 
to be induced by cytokines (32), we found that TIMP-
1, TIMP-2, and TIMP-3 proteins were constitutively 
expressed in all experimental conditions (data not 
shown).

3.3. siRNA silencing of MMP-3 blocks osteogenic 
differentiation

To examine whether the up-regulation of MMP-3 
expression was associated with osteogenic differentiation, 
DPFCs were transfected with MMP-3 siRNA or a 
control scrambled siRNA, and then treated with Poly(P) 
as described above. Transfection of MMP-3 siRNA 
abrogated the induction of osteogenic differentiation 
markers ALPL, BGLAP, SPP1, DSPP, and DMP-1 (p < 
0.05, Figure 3A). Similar changes in the protein levels 
of each marker were observed in western blot analyses 
(Figure 3B). Furthermore, MMP-3 siRNA blocked 

Figure 3. Effect of siRNA silencing on induction of 
osteogenic markers. (A) The expression of osteogenic 
marker mRNAs (ALPL, BGLAP, SPP1, DSPP, and DMP-
1) in Poly(P)-treated DPFCs was assessed by qRT-PCR 
following culture in the presence of MMP-3 siRNA. (B) 
Western blot analysis of osteogenic marker protein expression 
in these cells at 24 h after siRNA transfection. Poly(P)-treated 
DPFCs were treated with MMP-3 siRNA, and then expression 
of ALP, OC, OP, DSPP, DMP-1, and MMP-3 proteins was 
measured. No significant cross-reactivity with other proteins 
was observed for the antibodies used in the analyses. Images 
are representative of at least three independent experiments.

Figure 2. Evaluation of Poly(P)-induced MMP-3 mRNA 
expression and MMP-3 activity in DPFCs. (A) qRT-PCR 
analysis of Poly(P)-induced MMP-3 mRNA in DPFCs at 
24 h. (B) Expression of other MMP mRNAs and proteins in 
DPFCs. DPFCs were treated with 0.1 mM Poly(P) prior to 
qRT-PCR analysis of MMP-1, MMP-2, MMP-9, and MMP-
13 mRNA expression compared with the control (18S rRNA). 
Data are the means ± S.D. of four independent experiments. (C) 
Measurement of active MMP-3 released from cultured DPFCs 
following treatment with 0.1 mM Poly(P). Cells were incubated 
in serum-free medium in the absence or presence of 0.1 mM 
Poly(P) for 24 h. Data are the means ± S.D. of at least three 
independent experiments (**p < 0.01).
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induction of ALP activity in Poly(P)-treated cells (p < 0.01, 
Figure 4A-a, b). Similarly, the induction of calcification 
was markedly suppressed (p < 0.05) by Poly(P) treatment 
of MMP-3-depleted cells (Figure 4B-a, b). Collectively, 
these data show that expression of MMP-3 is required for 
osteogenic-specific functions in DPFCs.

4. Discussion

This study indicated that Poly(P)-treated DPFCs can 
be a novel in vitro model of dental pulp regeneration. 
Poly(P) at a concentration of 0.1 mM induced MMP-3 
expression in DPFCs (Figure 2A) and led to enhanced 
DPFC differentiation into osteogenic cells (Figure 1A–
C), although we were unable to precisely determine 
how many DPFCs had differentiated. However, 
phenotypic characterization based on calcification and 
the levels of ALPL (ALP), BGLAP (OC), SPP1 (OP), 
DSPP, and DMP-1 suggested that a large proportion 
of the DPFC population differentiated into osteogenic 
cells (Figure 1A-a, b).
 We have previously demonstrated that  the 
inflammatory cytokine interleukin-1β or a cytokine 
mixture induces MMP-3-regulated cell proliferation and 
suppresses apoptosis in rat DPFCs (19,20). Moreover, 
we previously reported that Poly(P)-induced, MMP-

3-mediated proliferation in rat DPFCs is mediated by 
a Wnt5 signaling cascade (24). Because we had no 
definite data on Poly(P)-induced MMP-3 in terms of 
IGF-1/PI3K/Akt and MAPK signaling pathways (33,34) 
in osteogenic differentiation, it remains to be shown. 
This study is the first report of Poly(P)-induced, MMP-
3-mediated responses in the differentiation of DPFCs. 
Considering the effect of MMP-3 on osteogenic 
cell differentiation, the present findings suggest that 
targeting the MMP-3 gene in these osteogenic cells may 
have a utility in the treatment of suppurative pulpitis. 
Additionally, Poly(P)-treated DPFCs could serve as 
an effective model to explore the pathophysiological 
mechanisms of wound healing. Furthermore, our 
current evidence suggests that Poly(P)-induced MMP-3 
has previously unrecognized physiological functions in 
wound healing and dental pulp tissue regeneration.
 We showed that Poly(P)-induced cells acquired 
osteogenic-specific functions following differentiation 
from DPFCs. Poly(P)-treated DPFCs appeared to 
be predominantly odontoblasts and osteoblasts. A 
major concern is that we were unable to identify the 
differentiated cells as odontoblasts because these cells 
also expressed specific osteoblastic markers including 
OC and OP. We speculate that DPFCs contain a 
small population of dental pulp stem cells. Therefore, 

Figure 4. siRNA silencing of MMP-3 blocks osteogenic differentiation. (A-a,b) Effect of MMP-3 siRNA on the functional 
activities of DPFCs. ALP activity was measured in control and MMP-3-depleted DPFCs treated with 0.1 mM Poly(P). Data are 
presented as the means ± S.D. (n = 4) normalized against total protein, (**p < 0.01 vs. control; †p < 0.05 as indicated). Scale bar: 
100 μm. (B-a,b) Effect of MMP-3 siRNA on the mineralization capacity of DPCs. Cells were prepared and cell mineralization 
was assessed by ARS staining with quantification performed by measuring absorbance at 405 nm. Data are the means ± S.D. (n = 
4). *p < 0.05 vs. control; †p < 0.05 as indicated. Scale bar: 100 μm.
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osteogenic cells may be predominantly derived from 
dental pulp stem cells, which remains to be elucidated. 
 The findings presented here support our previous 
reports (19,20) and indicate that MMP-3 may have 
a previously unrecognized physiological function in 
wound healing and tissue regeneration. Because Poly(P) 
induces MMP-3-regulated DPFC differentiation 
into osteogenic cells, the use of Poly(P) represents a 
potentially superior therapeutic approach for treatment 
of dental pulp injury instead of applying pulp-capping 
materials.
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1. Introduction

Serotonin  (5-hydroxyt ryptamine ,  5-HT)  i s  a 
neurotransmitter which plays a critical role in the 
pathology of depression following its binding to 

specific 5-HT receptors and their downstream signalling 
cascade (1). The serotonin transporter (SERT) is a 
critical determinant of synaptic 5-HT inactivation and 
an important target molecule for the antidepressant 
drugs including selective serotonin reuptake inhibitors 
(SSRIs) (2,3). When these drugs bind to the SERT, 
they inhibit its function, thereby blocking 5-HT uptake 
from the synapse and consequently enhancing synaptic 
5-HT concentration. Their delayed effect in remission 
of patients suggests that it is not simple rapid blockade 
per se, but rather additional mechanisms regulating 

Summary Serotonin transporter (SERT) is a critical determinant of synaptic serotonin       
(5-hydroxytryptamine, 5-HT) inactivation which plays a critical role in the pathology of 
depression and other mood disorders. Lipopolysaccharide (LPS), a potent activator of the 
inflammatory system, has been reported to cause depression symptoms by the modulation 
of SERT in vivo and in vitro. This study is aimed to investigate the underlying mechanism 
of LPS-induced SERT modulation. The 4-(4-(dimethylamino) styryl)-N-methylpyridinium 
iodide (ASP) assay was used to detect dynamic 5-HT uptake as read out of SERT activities 
in RBL-2H3 cells, and cytosol Ca2+ concentrations ([Ca2+]i) and nitric oxide (NO) were 
examined. Using specific cyclic GMP-dependent protein kinase type I (PKG-I), p38 mitogen-
activated protein kinases (p38MAPK) and A3 adenosine receptor (A3AR) inhibitors, SERT 
expression was evaluated by western blot and immunofluorescence analysis. Results showed 
that 24 h treatment with LPS stimulated 5-HT transport and up-regulate plasma membrane 
distribution of SERT in RBL-2H3 cells. LPS treatment increased NO and [Ca2+]i, and led to 
significant increases in levels of phosphorylated calcium/calmodulin-dependent protein kinase 
type II (CaMK-II), inducible NOS (iNOS) and PKG-I as well as active p38 MAPK. Moreover, 
PKG-I inhibitor KT5823 or p38MAPK inhibitor SB203580 respectively impaired SERT 
activation and transposition to plasma membrane by LPS. Notably, A3 adenosine receptor 
inhibitor MRS1191 also hindered SERT stimulation by LPS. In conclusion, LPS-induced 5-HT 
uptake and transposition to plasma membrane of SERT in RBL-2H3 cells involves CaMK-II/
iNOS/PKG-I and p38 MAPK activation, which may be partially mediated by A3 adenosine 
receptor activation. This finding provides a novel insight into the interrelationship between 
LPS and depression.

Keywords: Serotonin transport (SERT), lipopolysaccharide, cyclic GMP-dependent protein 
kinase type I (PKG-I), p38 mitogen-activated protein kinases (p38MAPK), A3 adenosine receptor 
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SERT function that may underlie the eventual clinical 
improvement after prolonged exposure to antidepressant 
drugs (4). Although the entire mechanism responsible 
has not been elucidated, SERT is subject to multiple 
posttranslational regulations that can rapidly alter 
5-HT uptake and clearance rates. Specific cell surface 
receptors as well as pathways activating protein kinase 
C (PKC), protein kinase G (PKG) and p38 mitogen 
activated protein kinase (p38MAPK) regulating 
SERT trafficking and catalytic function are now well 
established and received greater attention (5). Zhu et al. 
revealed two PKG-dependent pathways supporting rapid 
SERT regulation by A3 adenosine receptor (A3AR), 
one leading to enhanced SERT surface trafficking, and 
a separate, p38 MAPK-dependent process augmenting 
SERT intrinsic activity, demonstrating mechanistic links 
between the A3AR and SERT (6). Remarkably, disease-
associated alterations in SERT not only implicate SERT 
activity but also impact SERT regulatory pathways.
 Although the etiology of depression is complex and 
remains unknown, there is a growing body of evidence 
that depressed subjects display an elevation of pro-
inflammatory cytokines, and inflammation plays an 
important role in the development of depression (7). Viral 
and bacterial infections that stimulate the production of 
pro-inflammatory cytokines can produce symptoms of 
depression (8). The antidepressant-sensitive SERT can 
be regulated by pro-inflammatory cytokine signaling. 
Zhu and co-workers have shown that the inflammatory 
cytokines interleukin-1β (IL-1β) and tumor necrosis 
factor-α (TNF-α) produce rapid catalytic activation of 
SERT in cultured 5-HT neurons-derived RN46A cells 
and mouse nerve terminal preparations in vitro (9). 
Lipopolysaccharide (LPS) is a component of Gram-
negative bacteria outer membrane, which acts as a potent 
activator of the inflammatory system. It is reported 
that LPS induces depression symptoms associated 
with elevations of serum IL-1β in subjects without a 
psychiatric history (10). It has been demonstrated that 
LPS binds to toll-like receptor 4 (TRL4) leading to the 
rapid systemic release of pro-inflammatory cytokines 
and induces anhedonia in rats and mice (11). Most 
remarkably, Zhu et al. found that peripheral activation 
of the innate immune system with LPS leads to a rapid 
(1 h) stimulation of central nervous system (CNS) 
SERT activity, accompanied by an acceleration of 
5-HT clearance rate and alterations in SERT-dependent 
behaviors (12). In contrast, another study on the human 
enterocyte-like Caco-2 cell line have shown that LPS 
treatment diminished SERT activity and SERT protein 
level on brush border membrane, and the LPS effect 
might be due to an alteration of the intracellular traffic 
of SERT partially mediated by protein kinase C (PKC) 
activation (13). Therefore, more investigation is needed 
to provide more information about the effects of LPS on 
SERT activity and expression. 
 Using cells derived from rodent mast cells RBL-

2H3, the aim of this work was to study the effect of LPS 
on SERT activity and expression and to determine the 
intracellular mechanism underlying this effect. Many 
studies have demonstrated RBL-2H3 cells expressing 
serotonin synthesis and transporter systems as an ideal 
model for elucidating the regulatory mechanisms relating 
to SERT (14-16). Consistent with previous reports, 
results obtained in our laboratory have shown that the 
fluorescent styryl dye ASP assay enables the detection 
of dynamic transport activities of SERT and is amenable 
for measuring 5-HT uptake (17-21).The results obtained 
from the present study showed that LPS treatment 
enhances 5-HT uptake in RBL-2H3 cells in a dose-
dependent manner. LPS-induced up-regulation of 5-HT 
uptake results from the increase in surface-expressed 
SERT protein, which might be partially mediated by 
PKG-I and p38MAPK activation following A3 adenosine 
receptor activation. This finding may contribute to a 
better understanding of the involvement of the LPS in 
the pathology and modeling of depression.

2. Materials and Methods

2.1. Reagents and antibodies

ASP (4-(4-(dimethylamino) styryl)-N-methylpyridinium 
iodide) and Fluo-3/AM were obtained from Invitrogen 
(Carlsbad, CA, USA); SB203580 and KT5823 were 
obtained from the Beyotime Institute of Biotechnology 
(Jiangsu, China). LPS and MRS1191 were obtained 
from Sigma Chemical Company (St Louis, MO, USA). 
Primary antibodies against SERT and PKG-I were 
purchased from Santa Cruz Biotechnology Inc. (Santa 
Cruz, CA, USA), and those against phosphor-p38MAPK, 
iNOS were purchased from Cell Signaling Technology 
(Danvers, MA, USA).

2.2. Cell culture 

RBL-2H3 cells were purchased from the China Center 
for Type Culture Collection (CCTCC; Wuhan, China). 
RBL-2H3 cells were maintained in nucleoside free 
Minimum Essential Medium (MEM) α containing 15% 
fetal bovine serum and were grown into monolayers. 
Cells were plated on polystyrene tissue culture dishes at 
densities of 3-10 × 105 cells/mL. After 12 h incubation, 
cells were replaced with fresh serum-free media. After 
4 h, RBL-2H3 cells were incubated in fresh media 
containing 0.75, 1.5, 3 μg/mL LPS or 0.1% DMSO 
(as vehicle control) with or without pre-treatment with 
MRS1191, SB203580 or KT5823.
 Primary neuron cultures were prepared from 
E18 Sprague Dawley rat pups. Animals were treated 
in accordance with the National Institute of Health 
Guidelines for the Care and Use of Laboratory Animals. 
Briefly, tissues were harvested on ice and were washed 
in D-Hanks Balanced Salt Solution containing 100 
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TLR4 and human SERT PCR amplification with 
human β-actin as an internal control. Real-time 
quantitative polymerase chain reaction (RT-PCR) 
was performed with the Bio-rad CFX real-time PCR 
system and β-actin was used as the reference gene. 
Gene expression was determined using the 2-ΔΔCT 
method with the following custom designed primers: 
for β-actin, 5'-AGATCCTGACCGAGCGTGGC-3' 
and 5'-CCAGGGAGGAAGAGGATGCG-3'; for 
SERT, 5'-GGTGTGGGTAGATGCCGCCG-3' and 
5'-GCTGGGGCCTGCGTCTTTGG-3'.

2.7. Western blot analysis

For surface-localized SERT, the Cell Surface Protein 
Isolation Kit (Thermo Scientific, Pierce, #89881, 
Waltham, MA, USA) was used for biotinylation and 
the isolation of cell surface proteins for western blot 
analysis. Equal amounts of protein (30 μg) were 
separated on 12% polyacrylamide gels. Proteins were 
then transferred to 0.45-μm polyvinylidene difluoride 
(PVDF) membranes using a Bio-Rad Laboratories 
Mini Protein system. After treating PVDF membranes 
with blocking buffer TBS/0.1% Tween20 (TBST) 
containing 3% BSA for 2 h at 37°C, membranes were 
incubated overnight at 4°C in TBS buffer containing 3% 
BSA and primary antibodies against active p38MAPK 
(1:1000), SERT (1:100), PKG-I (1:100), iNOS 
(1:1000). Membranes were washed 3 times for 10 min 
in TBST, and were then incubated for 1 h at 37°C with 
a secondary horseradish peroxidase (HRP)-conjugated 
antibody at a dilution of 1:1000 in blocking buffer. 
Finally, membranes were washed extensively in TBST 
and photographic images were taken after illumination 
using an enhanced chemiluminescence (ECL) detection 
reagent. The densitometric analyses of autoradiograms 
were performed using quantity one software (Bio-Rad 
Laboratories Inc., Hercules, CA, USA), and data were 
expressed relative to internal control protein expression.

2.8. Immunofluorescence staining of SERT

Cells were seeded at 5,000 cells per well into 96-well 
black wall clear bottom plates to receive different 
experimental treatments. Cells were then fixed in 1× 
PBS containing 4% paraformaldehyde for 30 min, and 
were subsequently washed three times with 1× PBS. 
Fixed cells were then blocked in 1× PBS containing 3% 
BSA for 10 min. Primary antibodies against SERT and 
phospho-p38MAPK were applied overnight at 4°C. Cells 
were then washed three times in PBS and were incubated 
with fluorescent secondary antibodies at 37°C for 2 h 
in the dark. Finally, Hoechst 33342 (Molecular Probes) 
was added (final concentration, 1 μg/mL) for the final 
10 min, cells were washed three times in PBS, and then 
PBS containing 50% glycerol was added. Images were 
acquired and analyzed using a Cellomics ArrayScan® 

IU/mL penicillin, and 100 μg/mL streptomycin, and 
then mechanically dissociated using trituration and 
trypsinization. Cells were then seeded onto poly-D-
lysine-coated 6-well plates at 2 × 106 cells/well in 
DMEM/F12 media containing B27, L-glutamine, 100 
IU/mL penicillin, and 100 μg/mL streptomycin. Neuron 
cultures were typically grown for 7-10 days.

2.3. Assay for 5-HT uptake

5-HT transport activities were measured using ASP assay 
on RBL-2H3 cells. Briefly, cells from 80% confluent 
culture flasks were harvested using 0.25% trypsin 
and were seeded (35,000 cells per well) into 96-well 
plates and cultured for 24 h in nucleoside free MEM 
α containing 15% fetal bovine serum. After 20 h, the 
media was replaced with serum free media and cells 
were cultured for 4 h prior to assays. ASP (Invitrogen) 
dissolved in DMSO was added (final concentration, 
1 mM) and incubated in the dark at 37°C for 60 min. 
Unincorporated ASP was removed by washing (3 times 
with PBS) and 5-HT transporter activity was quantified 
according to fluorescence intensities (λex, 475 nm; λem, 
605 nm) using a SpectraMax M5 Microplate Reader 
(Sunnyvale, CA, USA).

2.4. Detection of cytosol Ca2+ using Fluo-3/AM 

Detection of intracellular calcium in RBL-2H3 cells was 
performed using the fluorescent indicator Fluo-3/AM. 
All images were acquired on a Leica TCS SP5 imaging 
system mounted on a microscope and an argon ion laser 
(458-514 nm). Image processing and quantification was 
carried out using the mean fluorescence intensities of 
sections acquired.

2.5. NO assay

NO levels were measured with the Griess method 
using a nitrite detection kit (Beyotime, Jiangsu, China) 
according to the manufacturer's instructions. Briefly, 
100 μL of medium or standard NaNO2 was mixed with 
100 μL of Griess reagent in a 96-well plate. After 15 
min, optical density was read using a SpectraMax M5 
Microplate Reader at 540 nm. Results were calculated 
for statistical analysis by a standard curve using NaNO2.

2.6. RT-PCR

Total RNA was extracted from cells cultured under 
different experimental conditions. The extracted 
RNA (1 μg) was used as a template for first-strand 
cDNA synthesis using oligo (dT) primers and a 
modified M-MLV reverse transcriptase (Carlsbad, 
CA, Invitrogen). Negative amplification control was 
performed in the absence of reverse transcriptase. 
One-tenth of the resultant cDNA was used for human 
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VTI Imaging Platform (Thermo Fisher Scientific Inc., 
Waltham, MA, USA).

2.9. Statistical analysis

All experiments were replicated a minimum of three 
times. Subsequently, raw data was normalized and 
exported into GraphPad Prism (GraphPad Software Inc. 
San Diego, CA, USA) to generate figures. Differences 
were identified using one- and two-way analysis 
of variance (ANOVA) with subsequent Dunnett's 
comparisons and Student t-test. Differences were 
considered significant when p < 0.05.

3. Results

3.1. LPS enhanced 5-HT uptake in RBL-2H3 cells in a 
dose-dependant manner

To examine the effects of LPS on 5-HT uptake, the 
fluorescent styryl dye ASP was used to detect dynamic 
transport activities of SERT, and ASP fluorescent 
intensities in RBL-2H3 cells were monitored after 24 h 
treatment with LPS. As shown, treatment with 1.5, 3 μg/
mL LPS significantly elevated 5-HT transport indicated 
by increased ASP fluorescence, as readout of SERT 
activity, in RBL-2H3 cells (Figure 1A), suggesting that 

Figure 1. LPS enhanced 5-HT uptake and the level of surface-expressed SERT. (A) RBL-2H3 cells (3.5 × 105 cells/well) 
were seeded in 96-well microplate and treated with LPS at the indicated concentrations for 24 h before examination. LPS 
enhanced 5-HT uptake indicated by ASP fluorescence intensity monitored. (B) The mRNA level of SERT was analyzed by real-
time PCR following LPS treatment. (C) The protein content of SERT in RBL-2H3 cells was analyzed following LPS treatment. 
A Thermo Scientific Pierce Cell Surface Protein Isolation Kit (#89881) was used to biotinylate and isolate cell surface proteins 
for western blot analysis. (D) The protein content of SERT in isolated E18 primary rat cortical neurons was analyzed by western 
blot following 24 h LPS treatment. (E, F) The protein content of SERT in RBL-2H3 cells was confirmed by immunofluorescence 
analyse following 24 h LPS treatment. Scale bar, 40 μm. Values are expressed as the mean of at least three experiments ± S.E.M; 
*p < 0.05, **p < 0.01 compared to vehicle.
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LPS caused dramatic alteration in 5-HT uptake into 
RBL-2H3 cells in a dose-dependent manner.

3.2. LPS elevated the level of surface-expressed SERT 
in RBL-2H3 cells and isolated E18 primary rat cortical 
neurons

The observation of increased 5-HT uptake by LPS 
treatment in RBL-2H3 cells prompted us to investigate 
whether LPS induced the alteration in the level of SERT 
expression. Thus, the transcript level of SERT was 
determined using quantitative PCR analysis, and the 
results showed that treatment with LPS did not affect 
SERT mRNA level compared to vehicle treatment 

(Figure 1B). Furthermore, western blot analysis on 
the whole lysate of RBL-2H3 cells demonstrated that 
LPS did not influence total protein level of SERT, 
however, level of SERT protein in plasma membrane 
subfraction prepared from RBL-2H3 cells remarkably 
increased (Figure 1C). Immunofluorescence analysis 
using specific SERT antibody showed the protein 
content of plasma membrane-localized SERT in RBL-
2H3 cells significantly increased with mean FI per cell 
of 286 ± 31 and 311± 46 following 24 h LPS treatment 
compared to 198 ± 23 of vehicle treatment (Figures 1E 
and 1F). Moreover, we isolated E18 primary rat cortical 
neurons to further examine the increase in SERT protein 
level induced by LPS. Representative blot images 

Figure 2. LPS elevated NO content and the level of cytosol calcium, and stimulated CaMK-II/iNOS/PKG-I signaling 
pathway and p38MAPK in RBL-2H3 cells. RBL-2H3 cells (3.5 × 105 cells/well) were seeded in 96-well microplate and treated 
with LPS at the indicated concentrations for 24 h before examination. (A) LPS elevated NO content examined by Griess method. 
(B) The level of cytosol calcium was determined using Fluo-3/AM following LPS treatment. The phosphorylation of CaMK-II (C), 
protein level of iNOS (D), PKG-I (E) and active p38MAPK (F) in RBL-2H3 cells was analyzed by western blot following 24 h 
LPS treatment. (G, H) The activation of p38MAPK in RBL-2H3 cells was examined by immunofluorescence analysis following 
24 h LPS treatment. Scale bar, 40 μm. Values are expressed as the mean of at least three experiments ± S.E.M; *p < 0.05, **p < 0.01 
compared to vehicle.
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demonstrated that 1.5 and 3 μg/mL LPS treatment 
significantly boosted the expression of surface-expressed 
protein SERT (Figure 1D). Taken together, these data 
indicate that although LPS did not affect the total SERT 
expression, but notably induced the elevation in the 
plasma membrane distribution of SERT.

3.3. LPS Increased Ca2+ and NO followed by PKG-I/
p38MAPK pathway activation

Increasing evidence indicates that SERT-mediated 

5-HT clearance is controlled by multiple pathways that 
regulate both plasma membrane expression and catalytic 
activity of SERT (18). Recent studies demonstrate that 
the up-regulation of SERT activity by serine/threonine 
kinases, PKG-I and p38MAPK-linked pathways contains 
increased SERT activation and membrane distribution 
(22). Thus, Ca2+-CaMK- II/iNOS-NO/PKG-I and 
p38MAPK pathway received more attention as one 
of the most widely studied regulatory mechanisms. 
In the current study, NO level was firstly determined 
using Griess method after 24 h treatment with LPS. 

Figure 3. LPS-induced 5-HT uptake and surface-expressed SERT in RBL-2H3 cells was hindered by inhibition of PKG-I 
or p38MAPK. RBL-2H3 cells (3.5 × 105 cells/well) were seeded in 96-well microplate and treated with 3 μg/mL LPS for 24 h 
following 6 h pre-treatment with PKG-I inhibitor KT5823 (2 μM) treatment or p38MAPK inhibitor SB203580 (10 μM). (A-B) 
Change in 5-HT uptake was determined using ASP assay. (C-D) Representative immunofluorescence images and quantification 
of SERT expression following 24 h LPS treatment in the presence of PKG-I inhibitor KT5823. (E-F) Representative 
immunofluorescence images and quantification of SERT expression following 24 h LPS treatment in the presence of p38MAPK 
inhibitor SB203580. Scale bar, 40 μm. Values are expressed as the mean of at least three experiments ± S.E.M; *p < 0.05, **p < 0.01 
compared to vehicle; #p < 0.05 compared to LPS 3 μg/mL treatment.



www.biosciencetrends.com

BioScience Trends. 2015; 9(6):367-376.373

The results showed that NO levels in RBL-2H3 cells 
significantly increased when treated with 1.5 and 3 μg/
mL LPS (nmol/mg protein: 9.36 ± 0.79 and 10.34 ± 
0.65) (Figure 2A). Subsequently, the fluorescent staining 
using Fluo-3/AM demonstrated that intracellular Ca2+ 
concentration ([Ca2+] i) in RBL-2H3 cells was lifted 
by LPS treatment up to 2-fold of that in vehicle treated 
cells (Figure 2B). Western blot analysis indicated that 
phosphorylated CaMK-II, protein level of iNOS and 
PKG-I as well as active p38MAPK were markedly 
elevated (Figures 2C-2E). Consistent with the data 
shown above, immunofluorescence staining using anti-
phosphorylated p38MAPK further confirmed the almost 
1.6-fold increase in the level of active p38MAPK by 
LPS treatment (Figures 2F and 2G). Taken together, 
these data suggest that Ca2+-CaMK-II/iNOS-NO/PKG-I 
and p38MAPK signaling might be implicated in the up-
regulation of SERT by LPS.

3.4. The Effect of PKG-I or p38MAPK inhibition on LPS-
induced 5-HT uptake and SERT expression in RBL-2H3 
cells

To clarify the involvement of PKG-I or p38MAPK 
in LPS-induced 5-HT uptake and SERT expression, 
here, PKG-I inhibitor KT5823 or p38MAPK inhibitor 
SB203580 was respectively pretreated to RBL-2H3 cells 
to investigate their influences on LPS profile. The assay 
for 5-HT uptake using ASP transport demonstrated that 
PKG-I inhibitor KT5823 (2 μM) or p38MAPK inhibitor 
SB203580 (10 μM) pretreatment did not notably affected 
the 5-HT uptake, however, 3 μg/mL LPS-induced 

increase in the 5-HT uptake was remarkably impaired 
in the presence of the two inhibitors (Figures 3A and 
3B). The immunofluorescence assay labeling SERT 
indicated that as compared to control treatment with just 
3 μg/mL LPS, the protein level of SERT in the surface 
of RBL-2H3 cells markedly declined when treated with 
2 μM PKG-I inhibitor KT5823 followed by 3 μg/mL 
LPS treatment for extra 24 h (Figures 3C and 3D). The 
fluorescence intensities of surface-localized SERT in 
RBL-2H3 cells co-treated with 3 μg/mL LPS and 10 μM 
p38MAPK inhibitor SB203580 also significantly fell 
into decline. Therefore, these results suggest that PKG-I 
and p38MAPK activation play a crucial role in the LPS-
induced 5-HT uptake and SERT expression in RBL-2H3 
cells.

3.5. Effect of Adenosine 3A Receptor (A3AR) antagonism 
on LPS-induced 5-HT uptake and SERT expression in 
RBL-2H3 cells

It is reported that the activation of A3AR results in 
increased 5-HT uptake in RBL-2H3 cells and that 
A3AR regulates serotonin transport via NO and cyclic 
guanosine monophosphate (cGMP) (22,23). Thus, it 
is necessary to dig out the role of A3AR in the LPS-
induced 5-HT uptake and SERT expression. RBL-
2H3 cells were pre-treated with an A3AR antagonist 
MRS1191 (200 nM) for 6 h, followed by treatment with 
3 μg/mL LPS. After 24 h of incubation, the change in 
the 5-HT uptake was assessed as described previously, 
and we observed that the addition of MRS1191 notably 
disrupted the effects exerted by 3 μg/mL LPS (Figure 

Figure 4. A3AR antagonism inhibited LPS-induced 5-HT uptake and surface-expressed SERT in RBL-2H3 cells. RBL-2H3 
cells (3.5 × 105 cells/well) were seeded in 96-well microplate and treated with 3 μg/mL LPS for 24 h in the presence or absence 
of A3AR antagonist MRS1191 (200 nM). (A) Change in 5-HT uptake was determined using ASP assay. (B-C) Representative 
immunofluorescence images and quantification of SERT expression. Scale bar, 40 μm. Values are expressed as the mean of at 
least three experiments ± S.E.M; *p < 0.05, **p < 0.01 compared to vehicle; #p < 0.05 compared to LPS 3 μg/mL treatment.



www.biosciencetrends.com

BioScience Trends. 2015; 9(6):367-376. 374

4A). Immunofluorescence assay also showed that there 
was no remarkable difference between vehicle and 
MRS1191 treatment, however, level of surface-expressed 
SERT was significantly higher (316 ± 27) of 3 μg/mL 
LPS treatment than that of co-treatment with 200 nM 
MRS1191 and 3 μg/mL LPS (245 ± 31) (Figures 4B 
and 4C), indicating that the activation of A3AR was 
implicated in LPS-induced upregulation of 5-HT uptake 
and SERT expression in RBL-2H3 cells.

4. Discussion

In the present study, we showed that 24 h treatments 
with LPS significantly increased the 5-HT uptake 
and plasma membrane expression of SERT in a rat 
basophilic leukemia cell line RBL-2H3 cell. Moreover, 
elevation in NO content and intracellular Ca2+ 
concentrations was observed following LPS treatment. 
Mechanismatic investigation showed that LPS induced 
CaMK-II/iNOS/PKG-I and p38MAPK signaling 
pathways, leading to an increase in the activation and 
plasma membrane distribution of SERT. Furthermore, 
the effects of LPS on SERT were impaired by the 
presence of A3AR antagonist MRS1191. 
 In our experiments, we found that LPS significantly 
increased the 5-HT uptake and upregulated the protein 
level of SERT in RBL-2H3 cell, as contrast to the 
previous report on the human enterocyte-like Caco-
2 cell line (13). Although Caco-2 expresses the human 
SERT, this cell line lacks in serotonin synthesis and 
discretion. Comparatively, rat basophilic mast cells 
RBL-2H3 express not only transporter systems but also 

serotonin synthesis, and are regarded more relative to 
the physiology of 5-HT neurons. Miller and Hoffman 
first provided evidence of adenosine receptor (AR) 
regulation of SERT using this cell line (22). Kim et al. 
investigated the molecular mechanisms of antidepressant 
drugs that sertraline up-regulates tryptophan hydroxylase 
expression and serotonin synthesis in RBL-2H3 cells 
(24). These studies proved RBL-2H3 cells as an ideal 
model for studying the SERT. In addition, SERT is also 
widely expressed in the front cortexes of the brain and 
the hippocampus which are closely associated with 
the pathogenesis of depression (23,25), so we verified 
the effects of LPS in isolated E18 primary rat cortical 
neurons and gained the same observation.
 It is believed that lipopolysaccharide activity 
is mediated by TLR 4 activation and a cascade of 
intracellular reactions which involves different 
signalling pathways including p38 MAPK, protein 
kinase A (PKA) and PKC (26). It has been reported that 
interleukin-1β (IL-1β) and TNF-α stimulation of SERT 
activity in vitro is mediated through the activation 
of p38 MAPK (9). Since LPS tightly correlates to 
these pro-inflammatory cytokines, we examined the 
requirement for p38 MAPK in SERT modulation 
exerted by LPS using treatment with p38 MAPK 
inhibitor SB203580. The observation that active p38 
MAPK increased with LPS treatment and the SERT 
up-regulation by LPS was impaired by treatment with 
SB203580 indicates that p38 MAPK may act as an 
activator of SERT function. 
 Increasing evidences indicate that SERT are tightly 
controlled by multiple signaling pathways including 

Figure 5. The schematic pathway involved in LPS-induced 5-HT uptake and surface-expressed SERT in RBL-2H3 cells.
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G-protein coupled receptors-linked pathways and 
various kinases as well as their substrates (27-31). 
Recently, Miller et al. showed that the activation of 
A3AR results in increased 5-HT uptake in RBL-2H3 
cells and that A3AR regulates serotonin transport 
via NO and cGMP (22). Some in vitro studies have 
revealed multiple second messengers or second 
messenger-linked kinases participate in acute SERT 
regulation (32). Experiments with synaptosomes and 
cell lines demonstrate that SERT activity decreases 
after depletion of intracellular Ca2+, treatment with 
calmodulin inhibitors and phorbol esters (33,34). PKA, 
PKC and PKG activation have also been demonstrated 
to impose post-translational regulation on SERT by 
phosphorylation, possibly reflecting the heterologous 
context of SERT expression. Zhu et al. have reported 
that involvement of A3AR in serotonin transporter 
trafficking and activation in RBL-2H3 cells and SERT 
stimulation by A3AR requires activation of PKG by 
a phospholipase C, Ca2+, NOS and cGMP-dependent 
mechanism (14,27). In the present study, we provided 
evidence that Ca2+-CaMK-II/iNOS/PKG-I signaling 
pathways contribute to up-regulation of SERT in RBL-
2H3 cells by LPS. This effect maybe partially mediated 
through activates A3AR by LPS (Figure 5). Although 
the potential mechanism by which LPS enhances 
activates A3AR in RBL-2H3 cells remains unclear, this 
finding offers a novel insight into the modulation of 
SERT. Moreover, many researches are still needed to 
clarify the interaction between A3AR and LPS.
 In conclusion, the present experiments demonstrate 
that LPS enhances the 5-HT uptake and transposition 
from cytosol to plasma membrane of SERT in RBL-2H3 
cells, and the underlying mechanism involves CaMK-
II/iNOS/PKG-I and p38 MAPK activation following 
calcium flux, which may be partially mediated by 
A3AR activation. LPS-induced alteration possibly 
provides a powerful tool to model the pathology of 
depression and the discovery of new antidepressant.
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1. Introduction

ARID5B (AT-rich interaction domain-containing 
protein 5B) was previously known as Mrf-2 (modulator 
recognition factor 2). It was identified in our laboratory 
in 1996 as a novel nuclear protein that binds to 
sequences upstream of the human cytomegalovirus 
major immediate-early enhancer/promoter and exerts 
repressor activity in undifferentiated human Tera-2 cells 
(1). Subsequent studies revealed the three-dimensional 
structure of the novel DNA-binding motif (ARID) of 
Mrf-2 and mechanisms of DNA recognition (2-4). The 

ARID family of DNA-binding proteins has grown since 
then to include fifteen proteins found in humans and 
most other vertebrate species, and six proteins found in 
Drosophila as well as proteins found in worms, fungi, 
plants and yeast (5-8). The ARID family is divided 
into six sub-families. In addition to a variety of roles as 
transcription factors in cell growth, differentiation, and 
development (6), a number of studies have suggested 
that proteins in most of the ARID sub-families are 
involved in cancer as tumor suppressors or promoters 
(8). A notable exception is the ARID5 sub-family 
which consists of two members, Mrf-1/ARID5A and 
Mrf-2/ARID5B (7,8). Mrf-2/ARID5B is expressed in 
various tissues including mouse cardiac and vascular 
tissues, where it seems to regulate smooth muscle 
cell differentiation and proliferation (9), lung, kidney, 
and brain as well as less abundantly in adrenal gland, 
spleen and thymus (10). Important roles of ARID5B in 
growth, immune, and sexual development have been 

Summary This study demonstrated that ARID5B mRNA is present in mouse cardiomyocyte HL-1 
cells, and that ARID5B siRNA constantly knocked down ARID5B gene expression to the 
40% level of control. AMPKα2 protein was elevated in such ARID5B knockdown HL-1 
cells, and this was accompanied by an increase in the level of phosphorylated AMPKα. 
Since AMPKα2 mRNA levels did not change in ARID5B knockdown cells, the stability of 
AMPKα2 protein was investigated using inhibitors for protein synthesis and proteasomal 
degradation. Treatment of HL-1 cells with either cycloheximide or MG132 caused an 
appreciable increase in the amount of AMPKα2 protein in ARID5B knockdown cells, which 
suggests that knockdown of ARID5B mRNA extends the half-life of AMPKα2 protein in 
HL-1 cells via yet unidentified mechanisms. As for the expected downstream consequences 
of AMPKα2 activation, we found thus far that glucose uptake, fatty acid uptake, or fatty 
acid oxidation remained unchanged in HL-1 cells after knockdown of ARID5B. Further 
studies are required to understand the mechanisms for ARID5B knockdown and resulting 
AMPKα2 activation, and also to identify which metabolic pathways are affected by 
AMPKα2 activation in these cells. In summary, this study provided the foundation for an in 
vitro cell culture system to study possible roles of ARID5B in cardiomyocytes.
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suggested (10). While the role of ARID5B in cancer 
is still elusive, previous studies suggested that genetic 
variations in the ARID5B gene are associated with 
susceptibility to coronary atherosclerosis or type 2 
diabetes in Japanese populations (11,12).
 Targeted disruption of the ARID5B gene resulted in 
slower neonatal weight gains, high rates of mortality in 
neonates, and significant reductions in adult weight and 
adiposity (13). This suggested that ARID5B is essential 
for embryonic development and accumulation of lipids in 
postnatal life. Studies using mouse embryonic fibroblasts 
(MEFs) derived from ARID5B-/- embryos and ARID5B+/+ 
littermate controls demonstrated that adipogenesis in 
ARID5B-/- MEFs was significantly lower than that in 
ARID5B+/+ MEFs, but was restored when ARID5B 
was expressed in ARID5B-/- MEFs (14). Similarly, the 
expression of multiple adipogenic genes was inhibited 
following transient transfection of siRNA targeting 
ARID5B in 3T3-L1 cells (14). Since a role of ARID5B 
in the regulation of metabolism has been suggested 
(11-13), we investigated the potential involvement of 
ARID5B and AMP-activated protein kinase (AMPK) in 
the metabolism of cardiac myocytes.
 AMPK has been known as a sensor and regulator 
of energy balance at the cellular level as well as at 
the whole body level by responding to hormonal and 
nutrient signals (15-17). Multiple AMPK subunit 
isoforms encoded by distinct genes were identified 
with two α subunits (α1 and α2), two β subunits 
(β1 and β2), and three γ subunits (γ1, γ2, and γ3) 
(15,16). The α subunit is a kinase which is activated 
by phosphorylation in response to an increase in the 
AMP:ATP ratio. Binding of AMP to the γ subunit of the 
AMPK αβγ complex induces conformational changes 
in the α subunit kinase leading to the critical Thr172 
phosphorylation by its upstream kinases. Although the 
mechanisms of these signaling pathways are not fully 
understood, it has been well-documented that activation 
of AMPK in skeletal and cardiac muscles is induced by 
metabolic stress and whole-body energy status as well 
as the AMPK mimetic AICAR and diabetic drugs such 
as metformin (15,18,19). 
 Previous studies showed that AICAR increased 
glucose uptake in heart muscle, indicating that AMPK 
may be involved in GLUT4 translocation (20), and 
that AMPK and PI-3K/Akt had an additive effect on 
oxidative stress-mediated GLUT4 translocation in 
cardiac myocytes (21). Furthermore, mice lacking 
AMPKα2 or expressing dominant negative AMPKα2 
inhibited the ischemia-induced stimulation of glucose 
uptake in cardiac myocytes (22-24). These studies 
strongly suggested that AMPKα2 plays an important 
role in regulating cardiac glucose metabolism and 
protecting the heart from metabolic stresses.
 The current study tested the hypothesis that ARID5B 
plays a role in glucose metabolism via the AMPK 
signaling pathway in cardiac myocytes. We found that 

when siRNA was introduced to HL-1 cardiomyocytes, 
ARID5B mRNA was significantly reduced, and that 
the levels of both total and phosphorylated AMPKα2 
subunit were significantly increased. The mechanism 
and functional consequences of the AMPKα2 activation 
induced by ARID5B knockdown in HL-1 cells were 
also investigated. Although not conclusive, this study 
provided a good model system for further studying the 
role of ARID5B knockdown in AMPKα2 signaling 
pathways.

2. Materials and Methods

2.1. Materials

Mouse HL-1 cardiomyocytes were provided by Dr. W. 
Claycomb (Louisiana State University Health Science 
Center, New Orleans, LA) (25,26). Claycomb medium, 
fetal bovine serum (FBS), penicillin-streptomycin, 
norepinephrine, L-glutamine, trypsin-EDTA, trypsin 
inhibitor, fibronectin, cytochalasin B, cycloheximide, 
and MG132 were purchased from Sigma-Aldrich. 
L-Ascorbic acid sodium salt was from Mallinckrodt. 
O p t i - M E M  a n d  L i p o f e c t a m i n e ® R N A i M A X 
Transfection Reagent were from Life technologies. 
Bacto gelatin, ON-TARGETplus Mouse ARID5B 
siRNA-SMART pool (siRNA), ON-TARGETplus Non-
targeting Pool (control scramble RNA), Tris-HEPES 
gels, and 20× Tris-HEPES buffer for sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) were obtained from Thermo Fisher Scientific. 
Polyvinylidene difluoride (PVDF) membrane was from 
GE Healthcare Life Sciences. 10× TBS was from Bio-
Rad. Non-fat milk was from Labscientific, Inc. HyGLO 
Chemiluminescent HRP Antibody Detection Reagent 
was from Denville Scientific Inc. 2-Deoxy-D-[3H]
glucose and [3H]palmitic acid were from American 
Radiolabel Chemicals. 

2.2. Cell culture

HL-1 cells were grown as monolayer cultures in flasks, 
dishes, and plates precoated with 2 μg/cm2 fibronectin 
dissolved in 0.02% gelatin. HL-1 cells were maintained 
in Claycomb medium supplemented with 10% FBS, 2 
mM L-glutamine, 0.1 mM norepinephrine (prepared 
freshly from 10 mM stock solution in 30 mM L-ascorbic 
acid), and 100 μg/mL penicillin-streptomycin. Cells 
were grown at 37˚C in an atmosphere of 5% CO2. The 
medium was changed every other day.

2.3. siRNA transfection

The transfection procedure is summarized in Figure 
1. We used a commercially-available mixture of four 
double-stranded siRNAs with the following sequences 
on the sense strand; 5'-acaauaacugugacgguaa-3', 
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incubated at 4˚C overnight with the following primary 
antibodies; anti-phospho-AMPKα (1:1000, #2535) 
and anti-AMPKα (1:1000, #2603) from Cell Signaling 
Technology, anti-AMPKα2 (1:1000, ab97275) from 
Abcam, anti-EFTUD2 (1:2000, 10208-1-AP) from 
Proteintech, and anti-GAPDH (1:10000, AM4300) from 
Ambion. Subsequently, the membranes were washed 3 
times with TBST for 5 min and incubated with HRP-
conjugated anti-rabbit IgG (#170-6515, Bio-Rad) or 
HRP-conjugated anti-mouse IgG (sc-2005, Santa Cruz) 
for 1 h at room temperature. Then, the membranes were 
washed 4 times with TBS containing 0.1% Tween 20 
and 0.1% Triton X-100 for 5 min at room temperature, 
then incubated with HyGLO Chemiluminescent HRP 
Antibody Detection Reagent. The membranes were 
exposed to X-ray film, and the protein bands on the 
films were quantified using Image J software.

2.6. Analysis of AMPKα2 protein stability

HL-1 cells in 35 mm dishes were tranfected with siRNA 
as described in 2.3, and at 48 h post-transfection, the 
growth medium was changed to medium containing 
5 μg/mL cycloheximide (CHX) or 10 μM MG132, a 
proteasomal degradation inhibitor. Cells were harvested 
at different time points after CHX or MG132 treatment, 
and AMPKα2 and GAPDH protein levels were 
determined by Western blotting.

2.7. Glucose and fatty acid uptake assays in HL-1 cells

Cells were grown in 24-well plates and transfected with 
siRNA as described in section 2.3. Cells were washed 
with KRPH buffer (130 mM NaCl, 4.7 mM KCl, 1.24 
mM MgSO4, 2.5 mM CaCl2, 1 mM HEPES, 2.5 mM 
NaH2PO4) once at 48 h post-transfection. Then cells 
were incubated in 250 μL of fresh KRPH buffer for 15 
min at 37˚C. For the glucose uptake assay, HL-1 cells 
were incubated with [3H]2-deoxy-D-glucose (10 μM; 
137.5 μCi/well) for 10 min at 37˚C. The incubation 
medium was aspirated, then the cells were washed four 
times with ice-cold PBS and solubilized by adding 
100 μL of 0.5 M NaOH to each well. Aliquots of the 
cell extracts were transferred to vials for scintillation 
counting. In order to determine the level of non-
specific background, cells in replicate wells were pre-
treated with 20 μM cytochalasin B for 15 min at 37˚C, 
incubated with [3H]2-deoxy-D-glucose, and processed 
in the same way. Aliquots of the same cell extracts 
were used for determining protein concentrations by 
BCA assay. Results were calculated as pmol of glucose 
uptake per min per mg of protein.
 For fatty acid uptake assays, cells were incubated 
for 15 min at 37˚C in KRPH buffer, and [3H] palmitic 
acid (40 μM; 10.5 μCi/well) was added to each well. 
After a 20 min-incubation at 37˚C, the medium was 
removed, the cells were washed 4 times with ice-cold 

5'-gugaugaguucgcgccaaa-3', 5'-cggagaagauccacgucaa-3', 
and 5'-gguccaugcuuaaacggau-3'. These siRNA's target 
exons 5, 4-plus- 5, 10, and 4, respectively of ARID5B. 
Cells were seeded in 24-well plates, 12-well plates, or 
35 mm dishes (2.5 × 104 cells/cm2), and transfected 24 
h after seeding. At that time (40-50% confluence), the 
cells were incubated for 2-3 h in Claycomb medium 
without penicillin and streptomycin, then transfected 
with 50 nM siRNA or control scramble RNA using 
Lipofectamine® RNAiMAX Transfection Reagent. After 
24 h, the medium was replaced by Claycomb medium 
without penicillin and streptomycin. Cells were used 
for molecular and cellular experiments at 48 h post-
transfection. To confirm the effect of siRNA, cells 
were lysed with 700 μL of Qiazol (Qiagen), and RNA 
was isolated with Qiagen RNeasy®. ARID5B mRNA 
level was determined by quantitative real-time PCR as 
described in section 2.4.

2.4. Quantitative real-time PCR

Total RNA samples (1 μg) were reverse-transcribed 
with High-Capacity cDNA Reverse Transcription Kit 
(Life technologies), and the resulting cDNA samples 
were amplified with the specific primer pairs for 
mouse ARID5B and Rpl19 as a control housekeeping 
gene using iQ SYBR Green Super Mix (Bio-Rad). 
The sequences of specific primer pairs used were as 
follows. ARID5B forward, 5'-agaaaaacgcccatcgagc-3'; 
reverse, 5'-ctcccaggattaccacctaac-3' and Rpl19 
forward ,  5 ' -agcc tg tgac tg tcca t tcc-3 ' ;  reverse , 
5'-gcagtacccttcctcttcc-3'. The reaction was performed 
using the following temperature cycles, initial 
denaturation at 95˚C for 10 min followed by 40 cycles 
of amplification at 95˚C for 10 sec and 56˚C for 30 sec 
(ARID5B), or 40 cycles of amplification at 95˚C for 10 
sec and 61˚C for 30 sec (Rpl19). The mRNA expression 
level was determined using the CFX96 real-time 
detection system (Bio-Rad). Relative gene expression 
was calculated using the ΔΔCT method.

2.5. Western blotting analysis

At 48 h post-transfection, cells were washed twice with 
ice-cold PBS and lysed using ice-cold cell lysis buffer 
(50 mM HEPES, pH 7.4, containing 2 mM Na3VO4, 
10 mM Na4P2O7, 10 mM NaF, 2 mM EDTA 2Na, 2 
mM EGTA, and 0.2 mM PMSF). After incubation 
on a shaker for 15 min at 4˚C, cell lysates were 
centrifuged at 14,000 rpm at 4˚C for 15 min. Protein 
concentrations in the cleared lysates were measured 
by BCA assay (Thermo Fisher Scientific). Samples of 
10-20 μg were subjected to SDS-PAGE using Tris-
HEPES gels and then transferred to PVDF membranes. 
The membranes were blocked with 5% non-fat milk in 
TBST buffer (TBS containing 0.1% Tween 20) for 1 h 
at room temperature. After blocking, membranes were 
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PBS, and solubilized with 100 μL of 0.5 M NaOH per 
well. The radioactivity in both the incubation medium 
and the cell lysate from each well were measured by 
scintillation counting. The percentage of fatty acid 
uptake was calculated by dividing 3H in the cell lysate 
by total 3H from both the cell lysate and incubation 
medium.

2.8. Positron Emission Tomography (PET) for glucose 
uptake in the heart of ARID5B knockout mice

Animal studies were approved by the City of Hope 
Animal Care and IACUC. Generation of the total body 
ARID5B knockout mice has been previously described 
(13). Mice were housed in a temperature-controlled 
environment with a 12 h light: 12 h dark cycle and 
allowed ad libitum access to standard chow and water. 
 Thirty two week-old male mice were used for these 
experiments. The 18F-flurodeoxyglucose (18F-FDG) 
radio-tracer was obtained from the City of Hope radio-
pharmacy. The mice were imaged at the City of Hope 
Small Animal Imaging Core on two days: On the first 
day, two ARID5B-/- males and one ARID5B+/+ male 
littermate control were imaged; on the second day, one 
ARID5B-/- male and two ARID5B+/+ male littermate 
controls were imaged. The average weight for the 
ARID5B-/- males was 25.7 ± 4.0 grams; the average 
weight for the ARID5B+/+ males was 41.3 ± 4.1 grams 
(p < 0.05). Prior to imaging, the mice were placed in 
individual cages with Sani-chip bedding, and fasted 
overnight (from 5:30 PM to 9:00 AM). The mice 
were placed in a cage with a warming light for 15 min 
prior to injection via the tail vein with 121-177 μCi of 
18F-FDG, and then moved to cages without warming 
lights for uptake periods of 58-60 min. Following the 
uptake period, tail regions of the mice were imaged 
for 2 min to insure that there was no extravasation 

of the tracer from the injection site. The mice were 
imaged for 10 min while under isoflurane anesthesia. 
Following the imaging scans, the mice were euthanized 
under isoflurane, and various organs and tissues were 
harvested. The tissue samples were weighed, and the 18F 
in each sample was measured using a gamma counter. 
The CPM values were corrected for the radioactive 
decay that occurred in the interval following the 
injection. Imaging data were analyzed using the ASI-
Pro software package. Specific uptake values in the 
heart were estimated as follows. The PET images were 
rotated so that a series of transverse optical sections of 
the heart could be analyzed. In each optical section both 
the heart plus the enclosed blood space and the blood 
space alone were analyzed by defining the appropriate 
regions of interest. The volume of heart tissue was 
calculated as the volume of heart-plus-blood minus the 
volume of blood alone. Similarly, the total DPM of 18F 
per cc in the heart was as calculated by subtracting the 
blood space values from the heart-plus-blood space 
values. Specific uptake values are expressed as (DPM/
cc tissue)/(injected dose in μCi/ml blood). The blood 
volume was calculated as 5.85% of total body weight. 

2.9. Statistics

Data are expressed as mean ± SEM. Differences 
were evaluated by two-tailed Student t test. Statistical 
significance was set at p < 0.05.

3. Results

3.1. ARID5B gene expression was reduced in HL-1 
cardiomyocytes by siRNA

The siRNA transfection protocol as schematically 
illustrated in Figure 1 was used throughout this study. 

Figure 1. Schematic diagram of the siRNA transfection protocol used in this study. HL-1 cardiomyocytes were seeded in 
24-well plates, 12-well plates, or 35 mm dishes with a density of 2.5 × 104 cells/cm2. Cells were cultured for 24 h to reach 40-
50% confluence (inset, left panel) before transfection of siRNA or control scramble RNA as described in Methods. At 24 h 
post-transfection (inset, right panel), the medium was replaced with fresh medium to allow HL-1 cells to recover. At 48 h post-
transfection, cells were subjected to various analyses.



www.biosciencetrends.com

BioScience Trends. 2015; 9(6):377-385.381

HL-1 cardiomyocytes were cultured for 24 h to allow 
them to attach to the plates (Figure 1 insets, left panel) 
before being treated with siRNA or scramble RNA for 
24 h. The transfection medium was replaced with fresh 
culture medium and the resulting HL-1 cardiomyocytes 
were subjected to cellular and molecular analyses at 48 
h post-transfection (Figure 1 insets, right panel). 
 In each experiment, the level of ARID5B expression 
in HL-1 cells was determined by quantitative real-
time PCR. The results of nine independent experiments 
showed that the mRNA level in cells treated with 
ARID5B siRNA was always ~38% of the value for cells 
treated with control scramble RNA (Mean ± SE: 37.7 
± 2.1 %, n = 9, p < 0.001). Results of representative 
experiments are shown in Figures 2A, 3A, 4A, and 5A. 
This indicates not only that ARID5B mRNA is present 
in HL-1 cells, but also that siRNA efficiently knocked 
down gene expression.

3 . 2 .  B o t h  A M P K α 2  p r o t e i n  a n d  A M P K α 
phosphorylation levels were elevated by knockdown of 
ARID5B mRNA

After confirming siRNA downregulated ARID5B 

mRNA (Figure 2A), we determined AMPKα protein 
levels by Western blotting. As seen in Figure 2B, 
Western blotting analysis of cell lysates with anti-
AMPKα1 or anti-AMPKα2 antibody clearly showed 
that the AMPKα2 protein level was significantly 
increased in cells transfected with ARID5B siRNA, but 
that no change was observed in the AMPKα1 protein 
level (Figure 2B). Quantiation of immunostained bands 
from four experiments revealed an average increase 
of 1.4-fold (1.4 ± 0.15, n = 4, p < 0.05) in AMPKα2 
protein level (Figure 2C, right panel) but no change in 
the AMPKα1 protein level (Figure 2C, left panel).
 The phosphorylation status of T172 of AMPKα 
was also determined by Western blotting using anti-
phospho AMPKα. This monoclonal antibody was 
produced by immunizing animals with a synthetic 
phospho-peptide corresponding to amino acid residues 
surrounding Thr172 of human AMPKα protein. 
Because this amino acid sequence is conserved 
between mouse and humans and between AMPKα1 
and AMPKα2 in both species, the antibody recognizes 
phospho-Thr172 in both AMPKα1 and AMPKα2. 
Thus, in order to assess AMPKα phosphoylation, the 
levels of total AMPKα protein (AMPKα1 plus α2) 

Figure 2. AMPK protein expression levels in control and ARID5B knockdown HL-1 cells. A: HL-1 cells were seeded in 12-
well plates. siRNA efficiency was confirmed by qPCR at 48 h post-transfection. B: The levels of AMPK α1 and α2 proteins were 
examined by Western blotting with subunit-specific antibodies. Cell lysates (10-20 μg of protein per lane) were subjected to SDS-
PAGE and immunoblotted as described in Methods. EFTUD2 was used as a loading control. A representative Western blotting 
result of four independent experiments is shown. C: Quantitation of AMPKα1 or α2 bands (n = 4; *p < 0.05). D: Total AMPKα 
protein and total AMPKα phospho-protein levels were examined by Western blotting. Cell lysates (10 μg protein per lane) were 
subjected to SDS-PAGE and blotted with primary antibodies as described in Methods. EFTUD2 was used as a loading control. 
A representative result of four independent experiments is shown. E: Quantification of AMPKα or phospho-AMPKα bands as 
shown in D (n = 4; *p < 0.05). In A, C, and E, shown are results from control (■) and ARID5B siRNA experiments (□).



www.biosciencetrends.com

BioScience Trends. 2015; 9(6):377-385. 382

and the combined levels of phosphorylated AMPKα1 
plus α2 were measured by Western blotting. Figure 
2D clearly shows an increase in the amount of total 
AMPKα protein. Since the experiments shown in 
Figures 2B and 2C indicate that AMPKα2 increases 
while AMPKα1 does not, it is clear that the increase 
in total AMPKα protein is due solely to the increase 
in AMPKα2. Figure 2E (right panel) revealed the 
increase in total AMPKα (1.4 ± 0.13 -fold, n = 4, 
p < 0.05), which is consistent with the increase in 
AMPKα2 shown in Figure 2C (right panel). Figure 
2D and E clearly show that the increase in total 
phospho-AMPKα (1.8 ± 0.28 -fold, n = 4, p < 0.05) 
is also significant and even greater than the increase 
in total AMPKα. Although other possibilities must 
be considered, these results, taken together, strongly 
suggest that ARID5B knockdown resulted in the 
increase in AMPKα2 protein and in phospho-
AMPKα2, which is indicative of AMPKα2 activation. 

3.3. Knockdown of ARID5B mRNA extended the half-
life of AMPKα2 protein

In order to understand the mechanisms by which 
ARID5B knockdown increases AMPKα2 levels, 
we first compared AMPKα2 mRNA levels in cells 
transfected with siRNA or control scramble RNA. 
The results showed no difference (data not shown), 
which suggested that ARID5B is not involved in 
transcriptional regulation of AMPKα2. Next, we 
investigated the stability of AMPKα2 protein. 
Cells transfected with siRNA or control scramble 
RNA (Figure 3A) were subjected to treatment with 
cycloheximide (CHX) or MG132, and their effects on 
inhibition of AMPKα2 protein synthesis or proteasomal 
degradation were measured. A representative result 
from two CHX experiments is shown in Figures 3B 
and 3C. In the absence of CHX, the level of AMPKα2 
protein was elevated by ARID5B knockdown HL-1 
cells by more than 2-fold (compare Figure 3B lanes 1 
and 5). In the presence of CHX the level of AMPKα2 
protein declined rapidly at 30 min, then recovered 
slowly over the next 2 h in the control cells (Figure 3B 
lanes 1-4). In contrast, the levels of AMPKα2 protein 
remained elevated in ARID5B knockdown cells for 1 h, 
even when compared to the levels of AMPKα2 protein 
in control cells in the absence of CHX (compare Figure 
3B lanes 1 to lanes 6 and 7). These results suggest that 
AMPKα2 protein appears more stable when ARID5B 
mRNA level is reduced. 
 When cells were treated with 10 μM MG132, a 
slight increase in AMPKα2 protein was seen in the 
control cells after 4 and 8 h-incubation (Figures 3D 
and 3E). This indicated that AMPKα2 protein is being 
accumulated in HL-1 cells due to the inhibition of 
proteasome-mediated protein degradation as expected. 
In siRNA-transfected cells, a significant elevation of 

AMPKα2 protein (an average of 4-fold at 0 h) was 
observed, again confirming the results described in 
section 3.2. The effect of MG132 was also seen in 
an accumulation of AMPKα2 protein after 4 or 8 
h-incubation but to a lesser extent (Figures 3D and 
3E), which may indicate that the AMPKα2 protein 
expression had already saturated at 0 h of MG132 
treatment in cells when ARID5B mRNA was knocked 
down.
 The results shown in Figure 3 thus suggested that 
knockdown of ARID5B mRNA most likely extended 
the half-life of AMPKα2 protein. It remains to be 
answered how ARID5B controls the stability of 
AMPKα2 protein.

Figure 3. Knockdown of ARID5B increases the half-
life of AMPK α2 protein. A representative result of two 
independent experiments is shown. A: HL-1 cells were seeded 
in 35 mm dishes. siRNA efficiency was confirmed by qPCR 
at 48 h post-transfection. B: At 48 h post-transfection, HL-1 
cells were treated with cycloheximide (CHX) (5 μg/mL) for 
0, 0.5, 1, or 2 h to block protein synthesis. Cell lysates were 
prepared and 20 μg protein per lane was immunoblotted 
with anti-AMPKα2 antibody. GAPDH was used as a loading 
control. C: Quantification of AMPKα2 bands as shown in B. 
D: At 48 h post-transfection, HL-1 cells were treated with 10 
μM MG132 for 0, 4, or 8 h. Then cell lysates were prepared 
and 20 μg protein per lane was immunoblotted with anti-
AMPKα2 antibody. GAPDH was used as a loading control. 
E: Quantification of AMPKα2 as shown in D. In A, C, and 
E, shown are results from control (■) and ARID5B siRNA 
experiments (□).
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3.4. Glucose uptake in ARID5B knockdown HL-1 cells 
and hearts of ARID5B knockout mice

Next,  we invest igated possible  physiological 
consequences of high levels of activated AMPKα2 
protein which is considered to be a sensor and regulator 
of energy balance at the cellular level. Since AMPKα2 
activation clearly occurs in the ARID5B knockdown 
cells, glucose uptake, one of possible physiological 
change, was measured in cells transfected with siRNA 
and control scramble RNA. The results, which are 
summarized in Figures 4A and 4B, did not show any 
significant differences in glucose uptake in those cells, 
however. Glucose uptake in HL-1 cardiomyocytes did 
respond to the AMPK mimetic AICAR which we used 
for control experiments. When added at 0.5 mM to the 
media 1 h prior to glucose uptake experiments, AICAR 
stimulated glucose uptake in non-treated and scramble 
RNA-treated cells increased 1.2 ± 0.13 (n = 3, p > 0.05) 
and 1.3 ± 0.03 (n = 3, p < 0.01)-fold, respectively. 
These effects, though small, positively demonstrated 
the correlation of glucose uptake and AMPK activation 
in HL-1 cells.
 In order to investigate whether a decrease in 

ARID5B expression affects glucose uptake in live 
animals, positron emission tomography (PET) for 
glucose uptake in the hearts of wild-type and ARID5B 
knockout mice (n = 3) was performed. Although some 
tendency of a slight increase was observed in glucose 
uptake in the hearts of ARID5B knockout mice as 
compared to that in the hearts of wild type mice, the 
difference was not statically significant (Figure 4C).

3.5. Fatty acid uptake in ARID5B knockdown HL-1 cells

Generally speaking, the adult heart utilizes fatty 
acids as its main energy source (27). Thus, it can be 
speculated that fatty acid utilization may be affected by 
ARID5B knockdown. No difference in fatty acid uptake 
was, however, observed between control and ARID5B 
knockdown HL-1 cells (Figure 5). 

4. Discussion

We demonstrated that siRNA efficiently knocked 
down ARID5B gene expression (to an average of 38% 
of control levels) in mouse cardiomyocyte HL-1 cells. 
AMPKα2 protein levels were elevated in ARID5B 
knockdown HL-1 cells, and this was accompanied by an 
increase in the phosphorylation of AMPKα2. Thus, in 
short, this study provided the foundation for an in vitro 
cell culture system to study possible roles of ARID5B 
in cardiomyocytes. This experimental in vitro cell 
culture may be useful in studying cardiac metabolism 
in pathophysiological conditions such as diabetic 
cardiomyopathy (28).
 It has been well documented that activation of 
AMPK increases glucose uptake. Specifically, activation 
of AMPK via AICAR increased glucose uptake in 

Figure 4. Glucose uptake in ARID5B knockdown HL-1 
cells and in the hearts of wild-type and ARID5B knockout 
mice. A: HL-1 cells were seeded in 24-well plates. siRNA 
efficiency was confirmed by qPCR at 48 h post-transfection. 
RNA was isolated from three wells of a 24-well plate and 
the combined samples were analyzed for mRNA expression 
levels as described in Methods. B: At 48 h post-transfection, 
the cells were washed with KRPH buffer, and incubated with 
2-deoxy-D-[3H]glucose for 10 min. Then cells were lysed with 
0.5 M NaOH and radioactivity in the cell lysate was measured 
by scintillation counting. Results were calculated as pmol 
of glucose uptake per min per mg of protein (n = 3 per each 
group). In A and B, shown are results from control (■) and 
ARID5B siRNA experiments (□).C: PET imaging of heart 
tissue in ARID5B-/- and ARID5B+/+ male mice. Three mice each 
of genotype were injected with 18F-flurodeoxyglucose and 
imaged after a 1 h uptake period. PET images of each heart 
were analyzed, and the specific uptake values were calculated 
as described in Methods. Shown are results from wild-type (WT) 
control (■) and ARID5B knockout (KO) experiments (□).

Figure 5. Fatty acid uptake in control and ARID5B 
knockdown HL-1 cells. A: HL-1 cells were seeded in 24-well 
plates. siRNA efficiency was confirmed by qPCR at 48 h post-
transfection. B: HL-1 cells were seeded in 24-well plates and 
at 48 h post-transfection HL-1 cells were incubated for 15 min 
at 37˚C in KRPH buffer, then incubated with [3H] palmitic acid 
for 20 min. Incubation medium was collected and the cells 
were lysed with 0.5 M NaOH. 3H in the incubated medium and 
cell lysate was measured by scintillation counting. [3H] palmitic 
acid incorporation into cells was calculated as described in 
Methods and is shown as percentage of total (n = 6 for control; 
n = 10 for ARID5B siRNA). Shown are results from control (■) 
and ARID5B siRNA experiments (□).
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heart muscle (20) and in cardiac myocytes (21). Mice 
lacking AMPKα2 or expressing dominant negative 
AMPKα2 showed an inhibition of ischemia-induced 
stimulation of glucose uptake in cardiac muscle (22-
24). In HL-1 cells it has been shown that insulin or the 
AMPK activator oligomycin stimulated glucose uptake 
by inducing translocation of GLUT4 (30). Adiponectin 
treatment also enhanced glucose and fatty acid uptake 
in HL-1 cells, and these effects were accompanied 
by increased AMPK phosphorylation (31). Based on 
previous reports, AMPKα2 activation in ARID5B 
knockdown HL-1 cells would be expected to result in 
increase in glucose and/or fatty acid uptake. When the 
functional consequences of the AMPKα2 activation 
induced by ARID5B knockdown in HL-1 cells were 
evaluated, however, under the culture conditions used in 
this study, we did not observe changes in glucose uptake 
(Figure 4), glycolysis (data not shown), fatty acid uptake 
(Figure 5), and fatty acid oxidation (data not shown). 
Further studies are obviously required to identify which 
metabolic pathways are affected by AMPKα2 activation 
in HL-1 cells.
 Since AMPKα2 mRNA levels were not affected 
by ARID5B knockdown in HL-1 cells, the stability of 
AMPKα2 protein was investigated using an inhibitor 
of protein synthesis (CHX) and an inhibitor of the 
proteasome degradation pathway (MG132). AMPKα2 
protein levels remained significantly elevated for an hour 
following CHX treatment in ARID5B knockdown HL-1 
cells, while AMPKα2 protein levels fell dramatically 
in control cells. These results indicated that ARID5B 
knockdown extends the half-life of AMPKα2 protein 
in HL-1 cells. On the other hand, MG132 increased 
AMPKα2 protein levels three-fold in control cells, 
but had no effect in ARID5B knockdown HL-1 cells. 
It should be noted that the level of AMPKα2 protein 
in MG132-treated control cells was only half that of 
untreated ARID5B knockdown cells, even after eight 
hours of treatment. Wang et al. showed that calorie 
restriction (CR) increased the protein level of AMPKα2 
and phosphorylation of AMPKα2 in skeletal muscle 
of wild-type mice, and that these changes in skeletal 
muscle contributed to an increase in whole body insulin 
sensitivity (32). CR did not increase insulin sensitivity in 
AMPKα2-/- mice. They also demonstrated that CR serum 
increased the stability of AMPKα2 protein in C2C12 
myoblasts by inhibiting ubiquitnation of AMPKα2 
(32). Another study showed that life-long CR elicits 
a myocardial phenotype that is profoundly protected 
against ischemia/reperfusion injury, and that AMPK 
activation may play an important role in this process (33). 
It has been suggested that ubiquitination of AMPK in the 
heart may play a significant role in the etiology of cardiac 
diseases, and that this process presents an attractive 
target for developing novel therapies (34). In this regard, 
our finding that ARID5B may de-stabilize AMPKα2 
protein in cardiomyocytes is intriguing. Whether or not 

the regulation of AMPK by ubiquitination is involved in 
this phenomenon requires further investigation. 
 In summary, this study provided the foundation 
for an in vitro cell culture system to study possible 
roles of ARID5B in cardiomyocytes. Further studies 
are required to understand the link between ARID5B 
knockdown and resulting AMPKα2 activation and 
the possible involvement of the ubiquitin proteasome 
system in AMPKα2 activation.
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1. Introduction

Breast carcinoma (BC) is the most common malignant 
cancer in women living in China at present. According 
to the statistics from the Fan et al. report published in 
2014, the incidence of BC in China is increasing rapidly, 
more than 1.6 million people were diagnosed and 1.2 
million people died of BC each year, and the newly 
diagnosed cases account for 12.2% (1). The increasing 
incidence of BC is associated with the residents 
increasing socioeconomic status and unique reproductive 
patterns. Additionally, higher incidence and younger 
patients occur in high-income cities such as Beijing, 
Shanghai and Tianjin (2). Notably, delays in diagnosis 
and inherent subjectivity involved in histopathology lead 

to a more advanced stage of this disease, thus effective 
biomarkers are introduced into the clinic to improve 
tumor classification and diagnosis of this disease. 
 Currently, three molecular biomarkers progesterone 
(PR), estrogen (ER) receptors, and human epidermal 
growth factor receptor-2 (HER-2) are systematically 
assessed and applied in clinical practice (3). However, 
all these traditional biomarkers have suboptimal effects 
on the treatment of BC, since the disease is caused by 
the accumulation of multiple molecular alterations (4). 
C35 is a newly identified biomarker of BC, also termed 
C17orf37, is located within the minus region of human 
chromosome 17q12 bounded by the oncogene ERBB2 
and the growth factor receptor-bound protein 7 (GRB7) 
genes, and encodes a 12kDa membrane-anchored 
protein (5). By comparing 10 kinds of human mammary 
carcinoma cell lines and 38 kinds of normal tissue cells, 
Evans et al. reported that C35 was highly expressed in 
7 kinds of carcinoma cell lines but barely expressed in 
normal cells except for Leydig cells (5). Overexpression 
of C35 was also detected in other cancer cells and tissues 

Summary To investigate C35 protein expression in breast carcinoma and to investigate its 
clinicopathological significance, a total of 68 cases of breast carcinoma and 20 cases of 
normal breast tissue samples were obtained from the clinic. Protein expression of C35, ER, 
PR and HER-2 were determined using immunohistochemistry. The correlations between 
C35 expression and clinicopathological parameters were analyzed on the basis of individual 
clinicopathologic records. Overexpression of C35 was detected in 56 of 68 (82.35%) breast 
carcinoma samples and only 3 of 20 (15%) normal breast tissue samples, and frequency of 
C35 expression was significantly associated with clinical Tumor Node Metastasis staging and 
Scarff-Bloom-Richardson grade (p < 0.05), but was not related to patients age, menstrual 
status and tumor diameter. C35 expression was positively related with the expression of 
HER-2 (r = 0.207), whereas negatively related with the expression of ER and PR. Further, 
C35 was prevalent in all four molecular subtypes of breast carcinoma with no significant 
difference of expression frequency. However, they have significant differences in lymphatic 
metastasis cases compared to the non-metastasis cases (p < 0.05). Since C35 protein was 
extensively expressed in all stages of breast carcinoma, and was closely associated with 
tumor progression and lymph node metastasis, it might be used as a reliable biomarker or 
therapeutic target for diagnosis and treatment.
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such as colorectal cancer and prostate cancer (6,7). 
The conserved canonical immunoreceptor tyrosine-
based activation (ITAM) motif located in its C-terminal 
end and the last four amino acids CVIL of C35 were 
proved to have an important role in cancer progression 
and metastasis (7,8). These studies suggested that C35 
functions as an oncogene and highlight biomarker in 
breast cancer cell lines and has a potential application 
value in BC therapies. In this study, the extensive 
detection of C35 protein expression in 68 breast cancer 
tissues and 20 normal tissues was executed to investigate 
the clinicopathologic correlation, including differences 
of tumor types and age groups. The expression of C35 
was also compared with the expression of the hormone 
receptor ER, PR and HER-2, in order to demonstrate the 
expression relationships among the genes; in addition, 
analysis of C35 expression pattern in different BC 
molecular subtypes was also evaluated.

2. Materials and Methods

2.1. Source of sampless

Cancer tissue samples and normal breast tissues were 
collected from the Second People's Hospital of Jining 
City in Shandong Province with the informed consent 
of patients, and were excised between July 2012 and 
January 2015. All of the 68 cancer samples were obtained 
from female inpatients and ranged in age from 34 to 81 
years, with a mean and median age of 49 years. Normal 
tissue samples were derived from 20 cases of hyperplasia 
of mammary gland patients and mammary gland fibroma 
excision patients. Female patient age range was 17 to 38 
years, with a median and mean age of 26.67 years. All of 
these samples were subjected to immunohistochemistry.

2.2. Clinicopathologic characteristics of patients

Inpatients  involved in this  study included 45 
premenopausal patients and 23 postmenopausal patients. 
Samples ranged in degree of lymph node involvement, 
and included 43 axillary lymph node metastasis cases 
and 25 no metastasis cases. Of all the samples, 43 were 
invasive ductal carcinoma (IDC), 17 were invasive 
lobular carcinoma (ILC) and 8 were other carcinomas. 
Diameter of tumors ranged from 2.0 to 6.0 cm, 19 cases 
were less than 2 cm, 35 cases were 2~5cm and 14 cases 
were greater than 5 cm. 
 According to the clinical Tumor Node Metastasis 
(TNM) staging and confirmed by two qualified 
pathologists individually, samples were staged as 12 
cases of stage I, 32 cases of stage II and 24 cases of stage 
III to IV. Samples were graded according to a modified 
Scarff-Bloom-Richardson (SBR) system by Elston Ellis, 
of which 14 were classified to Grade I (low malignant), 
41 were classified to Grade II (moderate malignant), 13 
were Grade III (highly malignant).

2.3. Sample selection criteria

Samples were selected according to four criteria: 1) 
Have complete clinical and pathological records; 2) 
All samples have been confirmed to be the primary 
breast cancer after surgery; 3) None of the patients 
received preoperative treatment such as neoadjuvant 
chemotherapy, endocrinotherapy and radiotherapy; 
4) Surgical procedures included radical mastectomy, 
modified radical mastectomy and breast-conserving 
therpy plus axillary lymph node dissection. The study 
protocol was approved by the Hospital Ethics Review 
Committee.
 Samples were excluded according to the following 
two criteria: 1) Abandon bilateral primary breast cancer 
cases and complicated patients with other malignant 
tumor; 2) According to National Comprehensive Cancer 
Network (NCCN) guidelines, abandon patients who 
have been undergoing postoperative treatment such as 
chemotherapy, radiotherapy and endocrine therapy in 
terms of their tumor stage and hormone receptor level.

2.4. Immunohistochemistry

Samples were fixed with 10% paraformaldehyde and 
made into 4 μm paraffin embedded serial sections. 
Immunohistochemical streptavidin-biotin complex 
(SABC) staining was performed according to the 
instruction of SABC immunohistochemical detection 
kit (Boster Biological Technology, Wuhan, China) 
rabbit anti-C35 polyclonal antibody (ZSGB-BIO, 
Beijing, China) at 1:100 dilution and rabbit anti-ER, 
PR and HER-2 monoclonal antibodies (Boster, Wuhan, 
China) at 1:20 dilution were used in this study. 
 ER and PR tumors were defined as positive only 
when the brownish yellow granules appeared in the cell 
nucleus. C35 positive staining was defined as when 
the brown or brownish yellow granules appeared in 
cell membrane. A final manual immunohistochemistry 
grade was devised by adding the staining score and 
positive proportion score together. The staining scores 
were evaluated according to the staining intensity as 
follows: 0 for unstained cells, 1 for cells stained pale 
yellow, 2 for cells stained brownish yellow, 3 for cells 
stained brown. Scores of 0 were considered negative, 
scores of 1 were considered weakly positive, scores 
of 2 were considered moderately positive, and scores 
of 3 were considered strongly positive. The positive 
proportion of stained cells was calculated according to 
semi-ration standard using cell counting estimation, and 
the method was as follows: first the highest intensity of 
tissue staining was found at low magnification, then a 
total of 100 cells were counted under five high power 
fields (HPF for 400×) to calculate the proportion of 
positive cells, and the positive proportion score was 
established on the basis of the following criteria: 1 for 
0-10%, 2 for 10-25%, 3 for 26-50%, and 4 for ˃ 50% 
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2.5. Statistical analysis

Statistical analysis was performed using the Statistical 
Package for the Social Sciences (SPSS) 18.0 (USA). 
A possible correlation between C35 expression and 
clinicopathological parameters was assessed using a chi-
square (χ2) test or Fisher's exact test. Differences with a 
p value less than 0.05 were considered to be statistically 
significant.

3. Results

3.1. Expression of C35 protein in breast Carcinoma

The overexpression of  C35 protein in human 
breast  carcinoma specimens was detected by 
immunohistochemical SABC staining of 68 breast 
cancers and 20 normal breast tissues. Results indicated 
that expression of C35 was mainly localized at the 
plasma membrane of breast cancer cells, with profiles 
of brown or brownish yellow granules, as shown in 
Figure 1A. At the same time, no positive staining 
existed in mesenchymal cells. For normal breast 
epithelium tissue, in contrast, only a minimal number 
of cells showed weakly positive staining, as shown in 
Figure 1B. The positive proportion of C35 expression 
in breast carcinomas and normal breast tissues was 
82.35% (56/68) and 15.00% (3/20) respectively, with 
a statistically significant difference between the two 

cell staining. The final positive grades were shown as 
0~2 for (−), 3 for (+), 4~5 for (++) and 6 for (+++). 
 Cells stained brown or brownish yellow in plasma 
membrane or partly stained in cytoplasm were defined 
as HER-2 positive, while only cytoplasm staining 
should be defined as nonspecific staining. Positive 
immunohistological grades of HER-2 cells was 
assessed by the following standard: (−) for negative 
or nonspecific staining; (+) for > 10% discontinuous 
membrane coloration; (++) for > 10% with moderate 
intensity of membrane coloration consecutively; (+++) 
for > 10% with strong intensity of membrane coloration 
consecutively.

Table 1. Correlation between C35 positive expression and clinicopathological parameters

Clinicopathological parameters

Age (year)
    ≤ 50
    > 50
Menstrual status
    Regular status
    Pausimenia
Tumor diameter (cm)
    ≤ 2 cm
    2-5 cm
    > 5cm
TNM stageb

    I
    II
    III + IV
SBR gradec

    I
    II
    III
Pathological type
    IDC
    ILC
    Other
Armpit Lymph node metastasis
    Yes
    No

C35, n

36
32

45
23

19
35
14

12
32
24

14
41
13

43
17
  8

43
25

a ), *p < 0.05; **p < 0.01. b ), C35 (+) in the TNM stage columns: the diff erences between I and II, I and III + IV stages with p values less than 0.05, 
the diff erence between II and III + IV stages with a p value less than 0.01. c ), C35 (+) in the SBR grade columns: the diff erences between I and II, 
I and III grades with p values less than 0.05, the diff erence between II and III + IV stages with a p value more than 0.05.

C35 (+)

31
25

39
17

15
30
11

  5
29
22

  7
39
10

37
11
  5

39
17

C35 (−)

5
7

6
6

4
5
3

7
3
2

7
2
3

6
6
3

4
8

Positive rate (%)

86.1
78.1

86.7
73.9

78.9
85.7
78.6

41.7
90.6
91.7

50.0
95.1
76.9

86.0
64.7
62.5

90.7
68.0

χ2

0.744

0.939

0.562

16.608

14.947

4.485

4.151

p valuea

0.389

0.333

0.755

0.000**

0.001**

0.106

0.042*

Figure 1. Immunohistochemistry of tissues derived from 
breast carcinomas and normal breast epithelia. C35 
expression profile can be observed by SABC staining. 
(A) Breast carcinomas tissues stained intensely with a 
brownish yellow granules pattern for strong positivity of C35. 
(B) Negative expression of C35 in normal breast tissues. 
Magnification, ×100.
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groups (χ2 = 31.731, p < 0.01).

3.2.  Correlations between C35 expression and 
clinicopathological parameters

As the positive C35 staining results show in Table 
1, C35 expression increases with tumor TNM stage 
and SBR grade progression. The expression of C35 
among different clinical stages (χ2 = 16.608, p < 0.01) 
was significantly different, as well as in different 
histopathological grades (χ2 = 14.947, p < 0.01). In 
addition, increasing C35 was more prevalent among BC 
patients with regional armpit lymph node metastasis 
(90.7%) than in BC patients without lymph node 
metastasis (68.0%) (χ2 = 4.151, p < 0.05). However, 

a similar expression frequency of C35 was detected 
both in IDC and ILC, with no statistically significant 
difference (χ2 = 4.485, p = 0.106). Similarly, there was 
no significant association between C35 expression 
and other clinicopathological parameters such as age, 
menstrual status and tumor diameter (p > 0.05).

3.3. Expression of ER, PR and HER-2 in Breast 
Carcinoma

Expression of ER, PR and HER-2 detected by SABC 
staining are shown as Figure 2. The positive rate of ER, 
PR and HER-2 were 45.59 % (31/68), 41.18 % (28/68) 
and 63.24% (43/68) of total BC specimens respectively. 
Expression of ER, PR and HER-2 were analogously 

Table 2. Correlation between ER, PR and HER-2 positive expression and clinicopathological parameters

Clinicopathological parameters

Age (year)
    ≤ 50
    > 50
Menstrual status
    Regular status
    Pausimenia
Tumor diameter (cm)
    ≤ 2 cm
    2-5 cm
    > 5cm
TNM stageb

    I
    II
    III + IV
SBR gradec

    I
    II
    III
Pathological type
    IDC
    ILC
    Other
Armpit Lymph node metastasis
    Yes
    No

n

36
32

45
23

19
35
14

12
32
24

14
41
13

43
17
  8

43
25

a ), *p < 0.05; **p < 0.01. b ), ER, PR and HER-2 (+) in the TNM stage columns: the diff erences between I and II, I and III + IV stages with p 
values less than 0.05, the diff erence between II and III + IV stages with a p value more than 0.05. c ),  ER, PR and HER-2 (+) in the SBR grade 
columns: the diff erences between I and II, I and III grades with p values less than 0.05, the diff erence between II and III + IV stages with a p value 
more than 0.05.

ER(+)

17
14

23
  8

11
15
  5

  9
17
  5

11
17
  3

24
  6
  1

14
17

χ2

0.082

1.636

1.816

10.847

9.077

6.070

8.006

PR(+)

16
12

15
13

  9
14
  5

  6
18
  4

10
15
  3

19
  7
  2

13
15

χ2

0.337

3.379

0.493

9.300

7.405

5.485

5.783

p valuea

0.561

0.066

0.782

0.010*

0.025*

0.065

0.016*

p valuea

0.774

0.201

0.403

0.004**

0.011*

0.048*

0.005**

HER-2(+)

26
17

35
18

  8
23
12

  6
26
11

  6
31
  6

27
11
  5

32
11

χ2

2.658

0.002

6.784

6.526

9.275

1.002

6.292

p valuea

0.103

0.964

0.034*

0.038*

0.010*

0.606

0.012**

Figure 2. Expression of the other three biomarkers as determined by immunohistochemical SABC staining of the same 
BC samples used in C35 detection. (A) Positivity of ER and (B) PR tissues was stained with brownish yellow granules in cell 
nucleus. (C) Positivity of HER-2 tissues was stained with brownish yellow granules in plasma membrane or partly stained in 
cytoplasm. Magnification, ×100.
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associated with tumor SBR grade, TNM stage and 
lymph node metastasis, with a significant difference 
(p < 0.05) respectively. The increasing positive rate of 
HER-2 also can be seen in the advanced TNM stage 
and SBR grade, as well as in larger size of tumors (p 
< 0.05). When compared with different pathological 
types of BC, however, the expression of HER-2 was 
concordant in IDC and ILC (p > 0.05) whereas a 
significant difference was observed in ER paralleling 
tests (p < 0.05). Likewise, the expression of those three 
biomarkers show also no significant difference with 
patients age and menstrual status (p > 0.05), as shown 
in Table 2.

3.4. Relationships between expression of C35 and other 
biomarkers

Table 3 shows the relationships between expression of 
C35 and the other three biomarkers ER, PR and HER-
2. Correlation analysis showed that the expression of 
C35 in BC samples has a positive correlation to the 
expression of HER-2 (γ = 0.207), whereas has negative 
correlations to the expressions of hormone receptors 
ER (γ = -0.035) and PR (γ = -0.083).

3.5. Relationships between C35 expression and 
molecular subtypes of breast carcinoma

To detect relationships between C35 and BC molecular 
subtypes, all of the 68 samples were divided into 
four main subtypes by immunohistochemistry (9). 
The molecular subtype criterion were as follows: 1) 
Luminal A subtype: HER-2 negative but ER and/or PR 
positive (HER-2−/ER+ or HER-2−/PR+); 2) Luminal 
B subtype: HER-2 positive, ER and/or PR positive 
(HER-2+/ER+/PR+ or HER-2+/ER−/PR+ or HER-2+/

ER+/PR−); 3) Basal-like subtype: ER, PR and HER-
2 all negative (HER-2−/ER−/PR−); 4) HER-2 subtype: 
only HER-2 positive (HER-2+/ER−/PR−). Table 4 
shows that there was no significant difference between 
multiple molecular subtypes of BC and C35 positive 
expression according to chi square test result (χ2 = 2.922, 
p > 0.05).

4. Discussion

Recently, molecular biomarkers have been introduced 
to overcome the inherent subjectivity of BC involved 
in histopathology, such as ER, PR and HER-2 (10), and 
therapists tend to formulate a pointed therapeutic plan 
on the basis of biomarker expression results. Slamon 
et al. (11) reported that HER-2 protein overexpression 
can merely be detected in 13-20% of IDC patient 
tissues, and the expression levels rise with the 
increase of tumor clinical stage and histological grade. 
Moreover, overexpression of HER-2 was associated 
with improved clinical outcomes (12). Clinical trials 
have demonstrated that patients with HER-2 (+) BC 
could achieve a satisfactory therapeutic effect by using 
a humanized monoclonal antibody against HER-2 
(trastuzumab) (13). However, the proportion of HER-
2 protein overexpression patients is only 20-40 % 
(11), which limited the clinical use of trastuzumab in 
the majority of patients without HER-2+ BC. At the 
same time, the cytotoxicity of trastuzumab on the heart 
narrows the pool of candidates eligible for HER2-
directed therapies (13,14).
 TAM has been established as one of the most 
effective drugs in estrogen receptor-dependent BC 
treatment, and has been widely used as the first-line of 
anti-tumor drugs. Nevertheless, recent findings have 
shown that the frequent occurrence of drug resistance 
against TAM substantially reduced its anti-tumor 
efficacy, and the resistance mechanism of TAM remains 
unclear (15).
 Consistent with previous study (5), our results 
demonstrated that a high level of C35 protein was 
frequently expressed in BC cells and tissues compared 
to normal breast cells, and the expression intensity 
difference was up to 10 times greater, thus it became 
a new attractive BC biomarker. In this study, the 
positive rate of C35 protein (82.35%) is higher than 
the other three biomarkers ER, PR and HER-2 at 
all stages. Increased expression level of C35 during 
tumor progression was also detected when correlating 
with SBR grade and TNM stage. Simultaneously, our 
results indicated that durative expression of C35 was 
associated with the clinical and pathological features 
of BC, since a higher positive rate was found in lymph 
node metastatic tumor tissues. Our results suggested 
that C35 expression might play an important role 
in tumor progression and lymphatic metastasis, in 
agreement with the conclusion presented previously 

Table 3. Relationships between C35 expression and 
expression of ER, PR and HER-2 in breast carcinoma

Groups

ER
    positive
    negative
PR
    positive
    negative
HER-2
    positive
    negative

 n

31
37

28
40

43
25

C35 (+)

21
35

22
34

38
18

C35 (-)

  10
    2

    6
    6

    5
    7

χ2

12.800

19.600

7.348

p value

0.000

0.000

0.007

r value

-0.035

-0.083

0.207

Table 4. Relationships between C35 expression and 
molecular subtypes of breast carcinoma
Molecular subtype

Luminal A subtype
Luminal B subtype
Basal-like subtype
HER-2 subtype

 n

26
22
  9
11

 C35 (+)

    21
    17
      7
    11

C35 (-)

5
5
2
0

χ2

2.922

p value

0.404
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(7,16,17). Although these features were not independent 
prognostic factors, they were also associated with poor 
clinical outcome. At the same time, Dasgupta S et 
al. also indicated that down regulation of C35 results 
in reduced expression of MMP-9, uPA and VEGF in 
prostate cancer cells (7), which have been reported 
to be positively correlated with poor prognosis (18). 
Therefore C35 shows potential as a prognostic indicator 
for BC. In combination with previous results, C35 is 
involved in cancer cell migration and metastasis by 
prenylation of its C-terminal CAAX motif (16), has a 
functional role in prostate cancer infiltration (7) and 
drug resistance of ovarian (17) cancer, and hence might 
be a more appropriate and reliable biomarker for tumor 
diagnosis and prognosis, and is also likely to be a new 
therapeutic target for cancer treatment.
 Our results found that C35 expression was 
independent of age and menstrual status of patients, 
but needs further evidence from similar research work 
using a larger panel of patients. In the present study, 
the positive rate of C35 expression was significantly 
higher than previous work (5), these differences might 
be related to clinicopathological factors. A majority of 
samples in this work occurred in advanced histological 
grade and clinical stage, or in BC with lymph node 
metastasis, which may attribute to a higher score for 
C35 expression.
 Based on the previous study (5), C35 was strongly 
associated with the expression of HER-2 protein 
and inversely associated with clinical pathological 
features of BC such as pathological grade, clinical 
stage and lymphatic metastasis, and the frequency of 
C35 was higher than HER-2 at all stages (14), which 
was consistent with our results. At the same time, 
the correlation between C35 expression and four BC 
molecular subtypes was irrelevant (p > 0.05) in this 
study, and the expression of C35 highly overlapped the 
other three biomarkers, which indicated that C35 was 
prevalent in all those BC molecular subtypes. 
 In conclusion, our findings indicate that high 
frequency of C35 expression could occur in all 
stages of BC, has a significant correlation with 
the clinicopathological factors including disease 
progression and lymphatic metastasis, and is also 
positively related to traditional biomarker HER-2, 
suggesting C35 has a great potential to be a reliable 
diagnostic marker, or to develop a new C35-targeted 
therapy in the clinical treatment of BC.
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potential biomarkers for recurrence after adjuvant chemotherapy 
in colon cancer patients

Nikolay V. Conev1,2,*, Ivan S. Donev1,2,*,**, Assia A. Konsoulova-Kirova1,2, Trifon G. Chervenkov3,4, 
Javor K. Kashlov5,2, Krasimir D. Ivanov6,7 
1 Clinic of Medical Oncology, UMHAT "St. Marina", Varna, Bulgaria;
2 Department of Propedeutics of Internal Diseases, Medical University of Varna, Bulgaria;
3 Laboratory of Immunology, UMHAT "St. Marina", Varna, Bulgaria;
4 Department of Pediatrics and Medical genetics, Medical University of Varna, Bulgaria;
5 Department of Internal Medicine, UMHAT "St. Marina", Varna, Bulgaria;
6 Clinic of Surgery, UMHAT "St. Marina", Varna, Bulgaria;
7 Department of General and Operative Surgery, Medical University of Varna, Bulgaria.

1. Introduction

Colorectal cancer (CRC) is the most commonly 
diagnosed gastrointestinal cancer worldwide with more 
than 1.2 million new cases and 600,000 deaths annually 
(1). Oncological management of colon cancer patients 
is based on the initial clinical staging of the disease. For 
patients without metastatic disease (M0), surgery is the 
first option, used with curative intention. Unfortunately, 

for 20-30% of the patients the prognosis is poor due 
to recurrence of the disease (2). 5 Fluorouracil (5-FU) 
based chemotherapy is the standard adjuvant treatment. 
In stage III patients, the benefit from additional adjuvant 
chemotherapy is confirmed in several large-scale trials 
and they have about 40% lower risk of recurrence, 
compared to patients who were stated on observation 
(3,4). In stage II patients, adjuvant treatment remains 
controversial (5,6). Survival rate is usually complicated 
by the side effects of chemotherapy. This is mainly 
ascribed to the lack of reliable markers that could 
predict development of disease relapse. Therefore, 
identification of such markers would be greatly 
beneficial for the individualized chemotherapy of 
patients with a high risk for recurrence of the disease.
 Disease relapses after surgery alone or combined 

Summary The present study examined whether miR-17, miR-21, miR-29a, and miR-92 that are 
dysregulated in colon cancer (CC) can serve as potential predictive markers for relapse of 
disease after radical surgery and adjuvant chemotherapy. Real-time reverse transcription 
quantitative polymerase chain reaction was used to measure the expression levels of the 
miRNAs in serum samples from 37 patients with CC and 7 healthy individuals, tested as a 
control group. The area under the receiver operating characteristic curve (AUC) was then 
used to evaluate the predictive performance of the four miRNAs alone or in combination 
and compare it with carcinoembryonic antigen. The expression of miR-17, miR-21 and 
miR-92 were significantly higher in serum of patients with disease relapse. The AUCs for 
miR-17, miR-21, miR-92 for Nx patients were 0.844, 0.948, and 0.935, respectively (p < 0.05). 
Combining the four miRNAs for stage III patients increased the diagnostic performance, 
yielding an AUC of 0.881, with a sensitivity of 83.3% and a specificity of 85.7% (p < 0.05). 
Our study suggests that the expression levels of serum miR-21, miR-17, and miR-92 in 
patients with CC who underwent radical surgery and adjuvant chemotherapy may have 
diagnostic value for differentiating between recurred and non-recurred patients.
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with adjuvant treatment for colon cancer are a function 
of both degree of bowel wall penetration of the primary 
lesion and nodal status (7). Nx category includes 
patients with unknown nodal status. Last Surveillance, 
Epidemiology, and End Results (SEER) population-
based colon cancer analysis includes 130,762 patients 
with colon cancer, among which 14% (n = 18,312) 
were defined as Nx (7). Despite the large number of 
Nx cases, the potential benefit of chemotherapy is not 
known (8) and there are only a few biomarkers that 
could predict recurrence of the disease in this group of 
patients (9).
 miRNAs are a class of short (18-23 nucleotides in 
length), endogenous, non-protein-coding RNAs that 
play critical roles in diverse biological processes through 
negative post-transcriptional regulation (10,11). miRNAs 
can function as oncogenes or tumor suppressors by 
repressing cancer-related genes (11,12). Alterations of 
miRNA expression have been observed in a variety 
of human tumors, including colon cancer, and it was 
discovered that miRNAs are stably present in circulating 
blood at sufficient levels for use as blood-based 
biomarkers (13,14). Thus, identification of novel serum-
based miRNAs as biomarkers for response to therapy 
or tumor recurrence could improve the outcome of the 
disease.
 In this study, we investigated the serum levels of 
four miRNAs involved in tumor cell proliferation 
(miR-17, miR-92), survival (miR-21), and metastasis 
(miR-29a) in colon cancer patients (15). Blood samples 
were collected immediately after completion of 
adjuvant chemotherapy. We aimed to monitor the tumor 
biological behavior and the prediction capacity of the 
serum levels of miR 17, miR-92, miR-21 and miR-29a 
for recurrence of the disease in one year period.

2. Materials and Methods

2.1. Ethics statement

All procedures were approved by the Scientific Research 
Ethics Committee of Medical University "Prof. Dr. 
Paraskev Stoyanov", Varna. Blood samples were 
collected from 37 colon cancer patients and 7 healthy 
volunteers at the Medical Oncology Clinic, University 
Hospital "St. Marina", Varna after obtaining informed 
consent form (ICF) from all study participants. All 
patients with indications for adjuvant chemotherapy were 
discussed for participation in our trial and only subjects 
who agreed to participate and signed ICF were included.

2.2. Patient selection

All subjects in the study were of Caucasian race. Controls 
were matched to colon cancer patients by age. The 
characteristics of patients and controls are represented in 
Table 1. We included patients with colon cancer stage II 

(n = 6) and III (n = 13) as per American Joint Committee 
on Cancer (AJCC) Cancer Staging Manual, 7th ed., who 
have undergone radical surgery in our hospital; there was 
no residual disease or compromised edges post-surgery 
and patients have completed 5-FU based adjuvant 
chemotherapy. 18 patients had Nx lymph node status 
because the involvement of lymph nodes could not be 
determined (less than 12 lymph nodes examined). We 
obtained serum after last cycle of adjuvant chemotherapy 
and patients started follow-up regularly (every 3 months) 
with computed tomography (CT) or positron emission 
tomography PET-CT until progression for 1 year of 
follow-up. 

2.3. RNA isolation and real-time PCR

Total RNA was extracted from 200 μL serum, using 
the miRNeasy mini kit (Qiagen) following the 
manufacturer's instructions. 5.6 × 108 copies cel-
miR-39 synthetic RNA per sample were used as 
spike-in control (Qiagen). The RNA was eluted in 14 
μL nuclease-free water supplied with the kit. Small 
RNAs were reverse transcribed with miScript II RT kit 
(Qiagen), using 5 μL of the eluted RNA and HiSpec 
buffer. Before use, cDNA was diluted as recommended. 
Quantitative real-time PCR was done on the StepOne 

394

Table 1. Demographic and clinical features of patients and 
healthy subjects

Patients
Sex %
     Male
     Female
Age at diagnosis (yrs., mean, S.D.)
     Male
     Female
     Total
Tumor localization (N, %)
     Colon ascendens
     Colon descendens
     Sigma
Stage (N, %)
     II
     III
     Nx (Stage N/A)
Grade (N, %)
     Gr 1 + Gr 2
     Gr 3
Recurrence (N, %)
     Non recurrence
     Recurrence
Recurrence on stage (N, %)
     II (n = 6)
     III (n = 13)
     Nx (n = 18)

Controls
Sex %
     Male
     Female
Age (yrs., mean, S.D.)

43.2 (n = 16)
56.8 (n = 21)

63.50 (7.694)
64.86 (7.009)
64.27 (7.241) Min. 44, Max. 77

  8 (21.6)
  6 (16.2)
23 (62.2)

  6 (16.2)
13 (35.1)
18 (48.6)

32 (86.5)
  5 (13.5)

24 (64.9)
13 (35.1)

  0 (0)
  6 (46.2)
  7 (38.9)

42.9 (n = 3)
57.1 (n = 4)

56.29 (10.704)
Min. 38, Max. 69
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Cox regression models. Two-tailed p-values (< 0.05) 
were considered as significant.

3. Results

3.1. Expression of miRNAs in NP, RP and control 
groups

Relative miRNA expression levels in serum samples of 
colon cancer patients (n = 37) who underwent curative 
surgery were obtained by using cel-miR-39 as reference 
genes for normalization. Relative quantification (RQ) 
values, calculated by the 2-ΔΔCt method were used for 
evaluation of expression in patients. The Mann-Whitney 
test showed that there were no significant differences 
of RQ values of all 4 miRNAs between the control and 
NP group. Both miR-21 and miR-92 showed significant 
expression level differences between RP group with 
control and NP group (Figures 1B and 1D). In contrast, 
miR-17 showed significant difference only between 
RP group and NP group, but not between RP group and 
control group (Figure 1A). Expression level of miR-29a 
did not differ between groups (Figure 1C).

3.2. Expression of miR-21 differs between and within 
stages

There were no significant differences of RQ values 
of all miRNAs in patients with stage II, stage III 
and Nx except for miR-21, which differed between 
patients with stage II and III (Figure 2). Within stage 
III patients, none of the 4 miRNAs expression levels 
were different between RP and NP groups. However, 
within the Nx patients all miRNAs except miR-29a had 
significant differences in expression levels between RP 
vs. NP groups (Figures 3A, 3B and 3D).

3.3. miR-21, miR-17 and miR-92 alone discriminate RP 
and NP groups

After 1 year follow-up post adjuvant chemotherapy 
none of patients with stage II disease experienced 
recurrence. Six patients with stage III disease and 7 
patients with Nx experienced recurrence after 1 year of 
follow-up. ROC analysis was performed to explore the 
potential value of analyzed miRNAs expression levels as 
noninvasive diagnostic biomarkers for recurrence after 
adjuvant chemotherapy (Figure 4). miR-21 allowed 
most accurate discrimination (AUC = 0.901, 95% CI: 
0.788-1, p < 0.001) between RP and NP groups. At 
the optimal cutoff values of RQ, the sensitivity was 
84.6% and specificity was 79.2% (Figure 4B). miR-
92 and miR-17 could also discriminate RP and NP 
groups with the following AUC = 0.885 (95% CI: 
0.778-0.991, p < 0.001) and with 84.6% sensitivity and 
70.8% specificity (Figure 4D) and AUC = 0.814 (95% 
CI: 0.658-0.971, p = 0.002) and with 84.6% sensitivity 

Plus (Applied Biosystems) with miScript Sybr Green 
PCR kit and miScript Primer Assays (Qiagen). Relative 
quantities (RQ) of target miRNAs were calculated using 
method by the StepOne Software v2.0. The results 
were normalized using the spike-in control cel-miR-39 
as a reference target and were expressed as relative 
quantity to a single reference sample (16). The relative 
levels of miRNA were normalized to cel-miR-39 and 
were calculated using the equation 2−ΔΔCt. RQ values 
for miRNA-17, miRNA-21, miRNA-29a or miRNA-92 
were then normalized to the average expression of each 
of these miRNAs in healthy individual (17). Greater 
than the median RQ values of miRNAs we denoted as 
high expression levels, and values below or equal to the 
median RQ we denoted as low expression levels.

2.4. Clinical and pathological features

We collected demographical data (sex and age 
at initial staging), date and extent of surgery, as 
well as tumor characteristics: localization, TNM 
classification, histology of tumor, total number of 
histologically examined lymph nodes, and grade 
of differentiation. Associations of serum miR-17, 
miR-21, miR-29a, and miR-92 expression with 
clinicopathological parameters are represented in 
Table S1 (http://www.biosciencetrends.com/docindex.
php?year=2015&kanno=6).

2.5. Statistical analysis

Statistical analysis was carried out with SPSS 
Statistics v.23 using descriptive statistics. Categorical 
features were summarized with frequencies and 
percentages. The Mann-Whitney U test, Pearson 
correlation, and χ2 test or Fisher's exact test were used 
for comparison and estimation of correlations between 
miRNAs expression levels and clinicopathological 
characteristics such as tumor stage and grade, and 
age. Specificity and sensitivity of serum miRNAs 
expression levels for discriminating patients with 
recurrent disease (recurred patients, RP) from patients 
with non-recurrent disease (non-recurred patients, NP) 
at 1 year of follow-up were evaluated with receiver 
operating curve (ROC) analysis. Diagnostic accuracy 
of biomarkers was also determined by obtaining the 
largest possible area under the curve (AUC) in ROC 
analysis. The best linear combination of miRNA 
markers in the sense that the area under the ROC curve 
of this combination is maximized among all possible 
linear combinations was calculated according to the 
method of Su and Liu (18). Kaplan-Meier survival 
curves and the log-rank test were used to compare the 
survival differences between groups. Although our 
study was not powered enough to compare different 
subgroups, hazard ratios (HRs) and corresponding 
95% confidence intervals (CIs) were calculated by 
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and 66.7% specificity (Figure 4A) at the optimal cutoff 
values of RQ, respectively. miR-29a discriminates RP 
and NP groups with the following AUC = 0.670 (95% 
CI: 0.493-0.846, p = 0.092) and with 53.8% sensitivity 
and 70.8% specificity at the optimal cutoff values of 
RQ, but the result did not reach statistical significance 
(Figure 4C). For comparison, carcinoembryonic antigen 
(CEA) after adjuvant chemotherapy has lower power 
to discriminate RP and NP groups AUC= 0.655 (95% 

CI: 0.472-0.839, p = 0.123) with 61.5% sensitivity and 
62.5% specificity, but the result did not reach statistical 
significance (Figure 4E).

3.4. miR-21, miR-17 and miR-92 alone or in combination 
discriminate RP and NP groups within stage III and Nx 
patients

The potential value of analyzed miRNAs as biomarkers 
for recurrence after adjuvant chemotherapy within stage 
III and Nx patients is shown in Table 2. Because none 
of the studied biomarkers could discriminate accurately 
in stage III between RP and NP groups, we constructed 
multimarker ROC analysis. The combination of all 4 
biomarkers discriminates RP and NP groups with the 
following AUC = 0.881 (95% CI: 0.655-1, p = 0.022) 
and with 83.3% sensitivity and 85.7% specificity at the 
optimal cutoff values of RQ (Figure 4F). In patients 
with Nx disease only expression levels of miR-29a 
were not good enough to discriminate between patients 
with recurrence and no recurrence of the disease (Table 
2). CEA after adjuvant chemotherapy has similar power 
to discriminate recurrence in stage III and Nx patients 
(Table 2).

3.5. No correlation of miRNA expression levels with 
disease free survival, age and CEA

Figure 2. Box plots, representing serum miR-21 expression 
levels in patients with Nx, Stage III and II (scale of y axis: 
ln). The Mann-Whitney test was used to detect significant 
differences of RQ (relative quantities) values of miR-21 
between Nx, Stage III and II. Two-tailed p-values (< 0.05) 
were considered as significant.

Figure 1. Box plots, representing serum miRNAs expression levels in NP (non-recurred patients), RP (recurred patients) 
and controls. Expression levels of miRNAs (scale of y axis: ln). The Mann-Whitney test was used to detect significant 
differences of RQ (relative quantities) values of all 4 miRNAs among control, NP and RP group. Two-tailed p-values (< 0.05) 
were considered as significant. A, miR-17; B, miR-21; C, miR-29a; D, miR-92.
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Figure 3. Box plots, representing serum miRNAs expression levels in Nx group in RP (recurred patients) and NP (non-
recurred patients). Expression levels of miRNAs (scale of y axis: ln). The Mann-Whitney test was used to detect significant 
differences of RQ (relative quantities) values of all 4 miRNAs between NP and RP group. Two-tailed p-values (< 0.05) were 
considered as significant. A, miR-17; B, miR-21; C, miR-29a; D, miR-92. 

Figure 4. Receiver operating curve (ROC) curve analysis, using four miRNAs and CEA (carcinoembryonic antigen) to 
differentiate RP (recurred patients) from NP (non-recurred patients). Diagnostic accuracy of biomarkers was determined by 
obtaining the largest possible area under the curve (AUC) in ROC analysis. A, miR-17; B, miR-21; C, miR-29a; D, miR-92; E, 
CEA; F, Multimarker ROC analysis, using four miRNAs in stage III patients.
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Disease free survival (DFS) was calculated as the time 
from the date of surgery to the date of documented 
recurrence of the disease. Colon cancer patients 
with high expression levels of any miRNAs had 
no significant differences in DFS compared with 
those with low expression levels of miRNAs (Figure 
S1, http://www.biosciencetrends.com/docindex.
php?year=2015&kanno=6). In univariate analysis, 
older age, stage of disease, sex, histologic grade and 
expression levels of miRNAs were not associated with 
poor 1 year DFS (Table S2, http://www.biosciencetrends.
com/docindex.php?year=2015&kanno=6).
 Pearson correlation tests did not detect significant 
correlation between the DFS and the serum levels of the 
miRNAs studied. We also did not observe correlation 
between age and expression levels of the studied 
miRNAs. Furthermore, none of the 4 miRNAs correlated 
with serum level of CEA after adjuvant chemotherapy. 
However, strong correlation was observed between 
miR-17 and miR-92 (r = 0.971, p < 0.001, Figure S2), 
moderate correlation between miR-21 and miR-92 (r = 
0.492, p = 0.002, Figure S2, http://www.biosciencetrends.
com/docindex.php?year=2015&kanno=6) and weak 
correlation between miR-17 and miR-21 (r = 0.360, p = 
0.029, Figure S2).

4. Discussion

Previous studies have identified multiple circulating 
miRNAs that are differently expressed and dysregulated 
in colon cancer patients compared with control 
healthy people (11,19,20). Several lines of evidence 
have suggested that miRNAs might serve as potential 
biomarkers for the diagnosis and prognosis of patients 
with colon cancer (19,21-23).
 The goal of our study was to identify potential 
biomarkers that could predict early recurrence after 
adjuvant treatment. Additionally we included in our 
analysis patients with unknown lymph node status (Nx 
patients). Usually dysregulated miRNAs are associated 
with wide variety of cancers (24). To increase the 
sensitivity and specificity of our assay we used miR-21, 
miR-17, miR-29a and miR-92 which have been shown 

to be upregulated in colon cancer patients (25). ROC 
analysis in our study showed that upregulation of any 
of miR-21, miR-92 and miR-17 in serum is an accurate 
biomarker and can distinguish colon cancer patients 
with recurrence from patients without recurrence with 
high sensitivity and specificity (Figure 4). In stage III 
patients, only the combination of all miRNAs reached 
statistically significant result in distinguishing RP from 
NP, which might be as a result of the small sample size. 
All miRNAs except miR-29a outperformed CEA serum 
levels in predicting recurrence. The sensitivity and 
specificity of ROC curve for prediction of recurrence 
on the basis of CEA only was low, which is consistent 
with other research (26). 
 Only a few studies have evaluated the expression 
levels of miRNAs after curative surgical resection of 
the primary tumor (21,27,28) and have looked for a 
diagnostic correlation between serum levels of miRNAs 
and post-adjuvant levels of CEA. In the present study 
the expression levels and the diagnostic significance of 
4 circulating miRNAs (miR-17, miR-21, miR-29a and 
miR-92) from blood samples of colon cancer patients, 
who underwent radical surgery of the primary tumor 
and adjuvant chemotherapy were correlated with the 
serum levels of CEA (measured after end of adjuvant 
chemotherapy) and the stage of the disease.
 Previous studies have found higher levels of 
circulating miR-17, miR-21, miR-29a and miR-
92 as compared to healthy individuals and some of 
those miRNAs were associated with poor survival, 
independent of other clinicopathological factors (28-
31). Among the most important target genes of miR-
17 and miR-92 are the E2F family of transcription 
factors (Figure 5) that drive the progression from 
the G1 into the S phase of the cell cycle (15). Thus, 
increased levels of miR-17 and miR-92 promote 
tumor cell proliferation. Crucial target of miR-21 
is PTEN (phosphatidylinositol-3,4,5-trisphosphate 
3-phosphatase) which negatively regulates the PI3K 
(phosphatidylinositol-4,5-bisphosphate 3-kinase) 
pathway (15). As a result, increased level of miR-21 
promotes tumor cell survival (Figure 5). In one study it 
was shown that the serum levels of miR-21 statistically 

Table 2. Result from Receiver operating curve (ROC) analysis according to data by using four miRNAs and CEA 
(carcinoembryonic antigen) to diff erentiate RP (recurred patients) from NP (non-recurred patients)

Patients

Stage III

Nx

Biomarkers

miR-17
miR-21
miR-29a
miR-92
CEA

miR-17
miR-21
miR-29a
miR-92
CEA

AUC (95% CI)

0.738
0.738
0.452
0.786
0.643

0.844
0.948
0.701
0.935
0.662

p-value

0.153
0.153
0.775
0.086
0.391

0.016
0.002
0.16
0.002
0.258

Sensitivity (%)

66.7
66.7
50.0
66.7
66.7

85.7
85.7
85.7
85.7
71.4

Specificity (%)

85.7
85.7
42.9
85.8
57.1

81.8
81.8
63.6
90.9
59.5
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significantly plummeted after surgery in the subset of 
patients with potentially curative surgeries (21). Others 
demonstrated that stromal miR-21 expression was 
related to the expression of E-cadherin and metastasis-
associated protein 1 in colorectal cancer and high miR-
21 expression in stage III patients was not associated 
with poor DFS (32). Stage II colorectal cancer patients 
with high levels of miR-21 are at higher risk for tumor 
recurrence and should be considered for more intensive 
treatment (32). We found from our panel of miRNAs 
that only miR-21 had significantly altered expression 
levels in patients with III vs. II stage disease, which may 
reflect the tumor burden or may indicate noncurative 
surgeries. Patients with recurrence of the disease had 
significantly higher expression levels in Nx group for 
all miRNAs except miR-29a which again may reflect 
the tumor burden or may indicate noncurative surgeries. 
 T h e r e  i s  c o n s i d e r a b l e  s a m p l e - t o - s a m p l e 
variability in both protein and lipid content of serum 
samples, which could affect efficiency of RNA 
extraction (33). To ensure the accuracy of our assay, 
including variability in polymerase chain reaction 
amplification efficiencies, we used the novel method 
for normalization of experimental miRNA data using 
spiked-in synthetic, nonhuman mature miRNA from 

Caenorhabditis elegans (33). Although our approach 
of quantifying relative expression of serum miRNAs is 
widely used, absolute quantitation of serum miRNAs 
expression levels may further improve the translation 
of these data into a clinically viable diagnostic test for 
early detection of disease relapse.
 Inadequate examination of lymph nodes may 
lead to tumor understaging and subsequent treatment 
failure (34). Many factors affect the number of lymph 
nodes examined, including extent of surgical resection, 
patient age, tumor location, and pathology techniques. 
Population-based data suggest that only 37% of colon 
cancer patients have adequate lymph node evaluation (35).
 Colon cancer patients may benefit from discovering 
prognostic markers that can identify those individuals 
that are more likely to recur by selecting patients that are 
suitable for adjuvant therapy. Several miRNAs (miR-
192, miR-215, miR-140, miR-129, let-7, miR-21, miR-
181b, miR-200 s) were found to be associated with 
chemoresistance by regulating key cell death pathways 
(24). High levels of miR-21 may partly be responsible 
for poor response to 5-FU; therefore, patients with high 
miR-21 expression are at high-risk for disease recurrence 
(36). In colon cancer cell lines it was demonstrated that 
increased miR-21 expression reduced apoptosis and G2/

Figure 5. Targets of the studied microRNAs: miR-17 and miR-92 promote cell proliferation through regulation of 
E2Fs, whereas miR-21 promotes cell survival through regulation of PTEN. AKT, protein kinase B; APC, adenomatous 
polyposis coli; E2Fs, E2F family of transcription factors; EGF, epidermal growth factor; EGFR, EGF receptor; LRP, low-density 
lipoprotein receptor-related protein; mTOR, mammalian target of rapamycin; P, phosphorylated site; PI3K, phosphatidylinositol-
4,5-bisphosphate 3-kinase; PTEN, phosphatidylinositol-3,4,5-trisphosphate 3-phosphatase; TCF, T cell factor; Wnt, wingless/
integrase-1.
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M arrest due to damage by 5-FU (37).
 In summary, the most important finding in our study 
is that miR-17, miR-21 and miR-92 alone in Nx or in 
combination in stage III patients may help detecting 
early recurrence of colon cancer after radical surgery 
and adjuvant chemotherapy with high accuracy in 
clinical practice. Our results suggest that patients with 
elevated serum levels of miR-17, miR-21 and miR-
92 should undergo more intensive follow-up in order 
to increase the possibility for early relapse detection 
and potential subsequent curative interventions. To our 
knowledge our study, despite its small sample size, is 
one of the few, testing potential biomarkers that could 
predict disease recurrence in patients with Nx colon 
cancer. Future studies may further evaluate the potential 
use of miR-17, miR-21 and miR-92 in post-operative 
surveillance, which may provide an opportunity for 
early detection of recurrent disease.
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1. Introduction

Pancreatic adenocarcinoma represents the fourth leading 
cause of death by cancer, worldwide (1). Its aggressive 
pattern is partially due to the silent course of the disease, 
with symptoms like jaundice or weight loss occurring 
late (1). Although surgery may be curative for early 
stages (2), overall recurrence rate are high while 5-year 
survival rate only reaches 5% (3). Significant advances 
have been made in the understanding of the biology 
and mechanisms of pancreatic cancer, during the last 

decade. Adenocarcinoma of the pancreas seems to result 
from successive mutations. A continuum of lesions 
may be observed between normal parenchyma and 
adenocarcinoma (4-7). The most frequent preneoplastic 
lesions that usually precede pancreatic adenocarcinoma 
are subdivided into two types: pancreatic intraepithelial 
neoplasia (PanINs) and intracanalar papillary 
mucinous neoplasia (IPMN) (8-11). The former is a 
peripheral lesion affecting small pancreatic ducts (< 
5mm in diameter), which is often described, in ductal 
adenocarcinoma. IPMN are less frequent lesions, 
usually occurring in the main pancreatic duct or its 
principle branches (11). Characterized by a size greater 
than 5 mm, they are more likely to be visible on 
imaging, compared to PanIN. As with PanIN, IPMN 
appear to follow an adenoma-carcinoma sequence with 
three continuous steps: low grade adenoma, borderline 

Summary Pancreatic adenocarcinoma is associated with a very poor prognosis, characterized with a 
5-year survival rate of only 5%. Surgery is the only curative treatment for selected patients. 
Nevertheless, recurrence is very frequent. Identifying prognostic factors is thus warranted. 
Like numerous other tumors, adenocarcinomas are preceded by preneoplastic lesions. The 
role and the impact of these lesions remain unclear. This study aimed to assess the impact 
of the preneoplastic lesion pattern and histo-morphological features, on survival after 
pancreatic resection. Thirty-five patients who underwent pancreatic resection for pancreatic 
adenocarcinoma were identified from a prospective database of a single center, between 
2003 and 2008. We considered demographics, tumor characteristics and type of treatment. 
The major outcome was survival. Analyzes were separated into two groups, according to 
the preneoplastic lesions: Pancreatic intraepithelial neoplasia (PanIN)-related carcinomas 
and intracanalar papillary mucinous neoplasia (IPMN)-related carcinomas. The former 
were more frequent, accounting for 63% (22/35). Moreover, they displayed more aggressive 
features, with a higher tumor stage (p = 0.01) and higher rate of positive lymph nodes (p = 
0.019). Lymphatic (p = 0.009) and perinervous (p = 0.019) invasions were also more frequent. 
Survival was negatively influenced by PanIN preneoplastic lesions (p = 0.015), T3-4 tumor 
stage (p = 0.038), positive lymph nodes (p = 0.044), lymphatic (p = 0.019) and vascular (p = 
0.029) invasions. Pancreatic adenocarcinoma displays different behavior according to its 
preneoplastic lesion. Indeed, PanIN-related adenocarcinoma showed more aggressive features 
and lower survival rate. Preneoplastic lesions may represent predictive factors for survival. 
Their role and predictive value should be investigated more thoroughly.

Keywords: PanIN, IPMN, pancreatic resection
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neoplasia, and carcinoma in situ (12). 
 Both preneoplastic lesions, PanIN and IPMN, 
follow a sequence of events leading to adenocarcinoma. 
Notwithstanding, tumor progression may be different 
depending on the preneoplastic lesion (9). Studies 
have described the trend for PanINs leading into ductal 
adenocarcinoma, and for IPMN evolving toward 
mucinous adenocarcinoma. Although ductal- and 
mucinous adenocarcinomas obviously display different 
outcomes, the impact of various tumor characteristics, 
like the pattern of preneoplastic lesions remains unclear. 
In this study, we aimed to analyze the impact of histo- 
morphological tumors' characteristics on survival, in 
the setting of pancreatic resection for adenocarcinoma.

2. Materials and Methods

Thirty-five patients who underwent pancreatic resection 
for adenocarcinoma of the pancreas were identified 
from prospective databases for pancreas surgery, 
in the Division of Visceral Surgery at University 
Hospital of Lausanne (CHUV), between 2003 and 
2008. A complete preoperative workup was performed 
to determine whether the disease was completely 
resectable and each case had been previously 
discussed in a tumor board. Surgical procedures 
were performed by conventional pancreatic resection 
including pancreaticoduodenectomy and distal 
splenopancreatectomy. Distal splenopancreatectomy 
was performed through exclusive abdominal incision 
or laparoscopic procedure. The artery-first approach 
was not performed in pancreaticoduodenectomy and 
reconstruction was done by pancreaticogastrostomy or 
pancreaticojejunostomy according to pancreas texture 
(13). Patients' demographics, tumor characteristics, 
type of treatment and survival were analyzed. We 
considered: age, gender, type of surgery, histological 
type of tumor, preneoplastic lesion, TNM stage, tumor 
grade, lymphatic invasion, vascular invasion, neural 
invasion, margins status, adjuvant therapy and survival 
(DFS-disease free survival). Due to a limited number 
of patients, and in order to perform pertinent statistical 
analyzes, several classes of items were regrouped. 
Indeed, high grade tumors (G2 and G3) were grouped 
and compared to low grade tumors (G1). Tumor stages 
T1/2 were compared to T3/4 stages. The IPMN lesions 
were classified as low-grade (adenoma) and high grade 
(borderline neoplasia and carcinoma in situ). The 
margins status were separated into margins > 0.1cm 
and margins ≤ 0.1cm. Clinical follow-up was analyzed 
according to tumor-free survival, survival with disease, 
death without disease and death with disease.
 The overall survival curves were determined using 
the Kaplan-Meier method and were compared using the 
log-rank test. A multivariate analysis was performed 
using a Cox proportional hazards model. A significant 
value of 0.05 was used in all tests. The statistical 

analysis was done using SPSS v20 statistical software, 
Chicago, IL.

3. Results

3.1. Patients and tumors

Patients' characteristics are summarized in Table 1. 
Median age was 69 years while men accounted for 
57% (20/35). Tumors were separated in two groups, 
based on the preneoplastic lesion (Table 1). A majority 
of tumors were related to PanIN 63% (22/35) while 
13 adenocarcinomas (37%) were related to IPMN. 
Although, the 2 groups were comparable in regard to 
several characteristics, they were significantly different 
for the following variables: tumor stage (p = 0.01), 
lymph node (p = 0.019), lymphatic invasion (p = 
0.009) and perineural invasion (p = 0.019). Moreover, 
PanIN-related tumors more frequently required 
pancreaticoduodenectomy.

3.2. PanIN-related adenocarcinomas

They displayed aggressive features with 86% stage 
T3-4. Moreover, 73% had lymphatic metastasis. 
Distant metastasis accounted for 14% while a 
majority presented a high tumor grade G2-3 (86%). 
Vascular and perinervous invasion were highlighted 
in 46% and 91%, respectively. Treatment was mostly 
pancreaticoduodenectomy (91%) while pathological R0 
resection was carried out in 46%. Furthermore, 64% of 
patients received adjuvant therapy.

3.3. IPMN-related adenocarcinomas

This subtype of tumors displayed less aggressive 
features than PanIN-related adenocarcinoma. However, 
we identified 39% as T3-4 stage, 31% with positive 
lymph nodes while distant metastasis concerned 
15% (2/13). In term of invasion, tumors invaded 
vessels, lymphatics and nerves in 39%, 31% and 54%, 
respectively. Surgery was relatively well balanced 
between pancreaticoduodenectomy (61.5%) and 
distal splenopancreatectomy (38.5%). Pathological 
R0 resection was carried out in 54%, and half of the 
patients received an adjuvant treatment.

3.4. Survival

The impact on survival was analyzed for each variable 
and is described in Table 2. Demographics did not show 
a significant difference for survival rate. As mentioned 
above, PanIN-related adenocarcinomas displayed more 
aggressive features than IPMN-related ones. Indeed, 
these findings influenced survival with a significantly 
lower survival rate in the former group (p = 0.015, 
Figure 1). Lymph node metastasis was also identified 

403



www.biosciencetrends.com

BioScience Trends. 2015; 9(6):402-406. 404

pancreatic adenocarcinoma, on survival after pancreatic 
resection. Although, pancreatic adenocarcinoma may 
be classified according to their subtype: ductal vs. 
mucinous, the preneoplastic lesion pattern appeared 
to play an important role (9). Indeed, PanIN-related 
tumors displayed more aggressive characteristics than 
IPMN-related ones. These findings were translated into 
survival with poorer prognosis in the PanIN-related 
group. The survival rate at 1-, 3- and 5-years were 
69%, 58% and 58% for IPMN-related tumors while 
it only reached 45%, 19% and 9% for PanIN-related 
adenocarcinomas. 
 Tremendous effort has permitted a significant 
improvement in understanding tumorigenesis of 
pancreatic adenocarcinoma and precancerous lesions, 
during the last decade (14-16). The pathological 

as a prognostic factor and was associated with lower 
survival (p = 0.038, Figure 2).
 The invasion of adjacent tissues by the tumor 
appeared to influence survival, via three mechanisms: 
direct invasion (p = 0.038), vascular invasion (p = 0.029) 
and lymphatic invasion (p = 0.019), while perinervous 
invasion was not associated with poorer outcomes (p 
= 0.119). None of the therapeutic variables influenced 
survival in our study. Multivariate analysis did not 
detect any significant impact on survival for the studied 
variables.

4. Discussion

This study assessed the impact of preneoplastic 
lesion pattern and histo-morphological features of 

Table 1. Characteristics of patients, tumors and treatments

Characteristics

Patients
Age 
    < 70 years
    > 70 years
Gender
    Men
    Women

Tumors
Subtypes
    Ductal
    Mucinous
Preneoplastic lesion
    PanIN 1a-b
    PanIN 2-3
    IPMN Adenoma
    IPMN borderline-CiS
Stage
    T1-2
    T3-4
Lymph node metastasis
    N+
    N−
Metastases 
    M+
    M−
Tumor grade
    G1
    G2-3
Lymphatic invasion
    Yes
    No
Vascular invasion
    Yes
    No
Perineural invasion
    Yes
    No

Treatment
Type of surgery
    Pancreaticoduodenectommy
    Distal splenopancreatectomy
Margins
    ≤ 1 mm
    > 1 mm
Adjuvant therapy
    Yes
    No

               n (%)
      PanIN-related
adenocarcinoma (n = 22)

11 (50)
11 (50)

12 (54.5)
10 (45.5)

  0
22 (100)

16 (72.7)
  6 (27.3)
  0
  0

  3 (13.6)
19 (86.4)

16 (72.7)
  6 (27.3)

  3 (13.6)
19 (86.4)

  3 (13.6)
19 (86.4)

17 (77.3)
  5 (22.7)

10 (45.5)
12 (54.5)

20 (90.9)
  2 (9.1)

20 (90.9)
  2 (9.1)

12 (54.5)
10 (45.5)

14 (63.6)
  8 (36.4)

               n (%)
        IPMN-related
adenocarcinoma (n = 13)

7 (53.8)
6 (46.2)

8 (61.5)
5 (38.5)

8 (61.5)
5 (38.5)

0
0
4 (30.8)
9 (69.2)

8 (61.5)
5 (38.5)

4 (30.8)
9 (69.2)

2 (15.4)
11 (84.6)

5 (38.5)
8 (61.5)

4 (30.8)
9 (69.2)

5 (38.5)
8 (61.5)

7 (53.8)
6 (46.2)

8 (61.5)
5 (38.5)

7 (53.8)
6 (46.2)

6 (50)
6 (50)

p value

0.552

0.482

0.004*

0.01*

0.019*

0.626

0.103

0.009*

0.482

0.019*

0.05*

0.621

0.340
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characteristics and molecular mechanisms have rapidly 
evolved, leading to new classification of preneoplastic 
lesions (8). Notwithstanding, the relationship between 
these findings and the clinical setting is not obvious yet.
 This  s tudy displays some l imitat ions.  The 
retrospective design leads to missing data and missing 
variables. Moreover, the number of included patients is 
relatively low. Based on these potential biases, results 
should be interpreted with caution.
 In a landmark article, Andea et al. showed the 
association between PanIN and ductal adenocarcinomas 
(9). Therefore, the need to address and treat these 
progressive lesions at an early stage is crucial. Of note, 
the influence of preneoplastic lesion pattern on survival 

after resection has rarely or not been addressed, to 
our knowledge. Based on our results, preneoplastic 
lesions may play an important role. At least, they 
may reflect different oncogenic pathways, according 
to their respective type. Pancreatic adenocarcinomas 
are heterogeneous tumors with poor prognosis while 
prognostic tools as biomarkers are somewhat lacking. 
Identifying subclasses is thus a critical step for the future. 
 The relatively small number of cases (n = 35) was 
a limitation of our study. This may be the reason why 
well-known risk factors, such as perinervous invasion, 
were not associated with poorer outcomes. This result 
should be confirmed in a future study carried out in a 
larger cohort of patients. 
In summary, this study supports the influence of 
preneoplastic lesions on survival, after pancreatic 
resection for adenocarcinoma. PanIN-related lesions 
displayed more aggressive features than IPMN-related 
ones, leading to a lower survival rate. Further studies 
are needed in order to explore the role of precancerous 
lesions of the pancreas, in more depth.

Table 2. Predictive factors of survival

Items

Demographics
Age 
    < 70 years
    > 70 years
Gender
    Men
    Women

Tumors
Subtypes
    Ductal
    Mucinous
Preneoplastic lesion
    PanIn-related adenocarcinoma
    IPMN-related adenocarcinoma
PanIN
    PanIN 1a-b
    PanIN 2-3
IPMN
    IPMN Adenoma
    IPMN borderline-CiS
Stage
    T1-2
    T3-4
Lymph node metastasis
    N+
    N−
Metastases 
    M+
    M−
Tumor grade
    G1
    G2-3
Lymphatic invasion
    Yes
    No
Vascular invasion
    Yes
    No
Perineural invasion
    Yes
    No

Treatment
Type of surgery
    Pancreaticoduodenectommy
    Distal splenopancreatectomy
Margins
    ≤ 1 mm
    > 1 mm
Adjuvant therapy
    Yes
    No

Survival (month)
95% CI

21.7-43
8.2-11.1

16.8-32.5
17.1-53

18.4-43.4
18-40.1

10-32.1
27-51.6

22.7-65.9
13.7-28

12-35.3
27.9-55.9

26.2-52.6
13.1-38.1

11.7-25.3
33.5-72.3

11-32.6
22.3-50

13.9-40.2
16.9-42.4

11.4-24.5
36.8-76

9.4-21.4
27-61.3

16.5-40.2
20.1-43.7

16.5-43.5
19.1-41.1

16.1-31.5
18.2-55.7

17.8-32.2
17.5-58.2

p value

0.074

0.805

0.293

0.015*

0.233

0.029*

0.038*

0.044*

0.555

0.471

0.019*

0.029*

0.119

0.291

0.934

0.854

Figure 1. Survival and preneoplastic lesion pattern.

Figure 2. Survival and lymph nodes stage.



www.biosciencetrends.com

BioScience Trends. 2015; 9(6):402-406. 406

Acknowledgements

The authors wish to thank Dr. S. Ferrone for the gift of 
the anti-HMW-MAA mAb.

References

1. Hidalgo M. Pancreatic cancer. N Engl J Med. 2010; 
362:1605-1617.

2. Shaib Y, Davila J, Naumann C, El-Serag H. The impact 
of curative intent surgery on the survival of pancreatic 
cancer patients: a U.S. Population-based study. Am J 
Gastroenterol. 2007; 102:1377-1382.

3. Dusch N, Weiss C, Strobel P, Kienle P, Post S, 
Niedergethmann M. Factors predicting long-term survival 
following pancreatic resection for ductal adenocarcinoma 
of the pancreas: 40 years of experience. J Gastrointest 
Surg. 2014; 18:674-681.

4. Singh M, Maitra A. Precursor lesions of pancreatic 
cancer: molecular pathology and clinical implications. 
Pancreatology. 2007; 7:9-19.

5. Sipos B, Frank S, Gress T, Hahn S, Klöppel G. 
Pancreatic intraepithelial neoplasia revisited and updated. 
Pancreatology. 2009; 9:45-54.

6. Zamboni G, Hirabayashi K, Castelli P, Lennon AM. 
Precancerous lesions of the pancreas. Best Pract Res Clin 
Gastroenterol. 2013; 27:299-322.

7. Cooper CL, O'Toole SA, Kench JG. Classification, 
morphology and molecular pathology of premalignant 
lesions of the pancreas. Pathology. 2013; 45:286-304.

8. Hruban RH, Maitra A, Goggins M. Update on pancreatic 
intraepithelial neoplasia. Int J Clin Exp Pathol. 2008; 
1:306-316.

9. Andea A, Sarkar F, Adsay VN. Clinicopathological 

correlates of pancreatic intraepithelial neoplasia: a 
comparative analysis of 82 cases with and 152 cases 
without pancreatic ductal adenocarcinoma. Mod Pathol. 
2003; 16:996-1006.

10. Takaori K. Current understanding of precursors to 
pancreatic cancer. J Hepatobiliary Pancreat Surg. 2007; 
14:217-223.

11. Adsay NV, Conlon KC, Zee SY, Brennan MF, Klimstra 
DS. Intraductal papillary-mucinous neoplasms of the 
pancreas: an analysis of in situ and invasive carcinomas in 
28 patients. Cancer. 2002; 94:62-77.

12. Andrejevic-Blant S, Kosmahl M, Sipos B, Klöppel G. 
Pancreatic intraductal papillary-mucinous neoplasms: a 
new and evolving entity. Virchows Arch. 2007; 451:863-
869.

13. Kokudo T, Uldry E, Demartines N, Halkic N. Pulmonary 
embolism: specific risk factor after pancreas resection? 
Pancreas. 2014; 43:891-894.

14. Yonezawa S, Higashi M, Yamada N, Yokoyama S, Goto 
M. Significance of mucin expression in pancreatobiliary 
neoplasms. J Hepatobiliary Pancreat Sci. 2010; 17:108-
124.

15. Nagata K, Horinouchi M, Saitou M, Higashi M, 
Nomoto M, Goto M, Yonezawa S. Mucin expression 
profile in pancreatic cancer and the precursor lesions. J 
Hepatobiliary Pancreat Surg. 2007; 14:243-254.

16. Bas turk O, Khayya ta S , Kl ims t ra DS, Hruban 
RH, Zamboni G, Coban I, Adsay NV. Preferential 
expression of MUC6 in oncocytic and pancreatobiliary 
types of intraductal papillary neoplasms highlights a 
pyloropancreatic pathway, distinct from the intestinal 
pathway, in pancreatic carcinogenesis. Am J Surg Pathol. 
2010; 34:364-370.

 (Received November 27, 2015; Revised December 27, 
2015; Accepted December 28, 2015)



www.biosciencetrends.com

BioScience Trends. 2015; 9(6):407-413.407

Exclusion criteria for assuring safety of single-incision laparoscopic 
cholecystectomy

Yoshikuni Kawaguchi, Takeaki Ishizawa, Rihito Nagata, Junichi Kaneko, Yoshihiro Sakamoto, 
Taku Aoki, Yasuhiko Sugawara, Kiyoshi Hasegawa, Norihiro Kokudo*

Hepato-Biliary-Pancreatic Surgery Division, Department of Surgery, Graduate School of Medicine, The University of Tokyo, 
Tokyo, Japan.

*Address correspondence to:
Dr. Norihiro Kokudo, Hepato-Biliary-Pancreatic Surgery 
Division, Department of Surgery, Graduate School of 
Medicine, The University of Tokyo, 7-3-1 Hongo, Bunkyo-
ku, Tokyo 113-8655, Japan.
E-mail: KOKUDO-2SU@h.u-tokyo.ac.jp

1. Introduction

Single-incision laparoscopic cholecystectomy (SILC), 
which was first introduced by Navarra et al. (1), is 
increasingly gaining popularity presumably because 
SILC has definite advantage in improving cosmesis 
after laparoscopic cholecystectomy (LC) (2,3). In some 
institutions favoring SILC over conventional multiport 
laparoscopic cholecystectomy (CLC), incidence of SILC 
reached 50% among all the LC procedures (4,5). In 
contrast, SILC has potential disadvantages compared to 
CLC in terms of longer operative time (6), increased cost 
for specialized laparoscopic instruments (7), a higher bile 
duct injury rate (8), and occurrence of umbilical hernia 

(3,9). In order to safely adopt SILC in clinical practice, 
we need strict criteria for indication of SILC, which have 
not been indicated clearly even in the guideline of LC by 
the Society of American Gastrointestinal and Endoscopic 
Surgeons (10).
 In the authors' institution, SILC has been performed 
after setting definite exclusion criteria comprising 
patients' background factors and gallstones/cholecystitis 
conditions. The present study evaluated intra- and post-
operative outcomes of SILC compared to those of 
CLC with the aim to consider appropriate criteria for 
indicating SILC safely to patients who opt for single-
incision surgery.

2. Materials and Methods

2.1. Patients

The subjects consisted of 146 consecutive patients 
who underwent LC for cholecystolithiasis, gallbladder 

Summary Despite increasing popularity of single-incision laparoscopic cholecystectomy (SILC), 
indication criteria assuring safety of SILC has yet to be established. In the present study, 
the subjects consisted of 146 consecutive patients undergoing conventional laparoscopic 
cholecystectomy (CLC) or SILC. SILC was indicated after excluding patients who met 
following criteria: age > 75 years, obesity, operative scar, cardiopulmonary diseases, acute 
cholecystitis, choledocholithiasis and abnormal bile duct anatomy. Thirty-four patients 
were excluded from the SILC candidates (moderate/high-risk CLC group). Among the 
112 potential candidates, SILC was indicated for 23 patients (21%, SILC group) and the 
remaining 89 patients (79%) underwent CLC (low-risk CLC group). In the SILC group, 
operation time was longer than in the low-risk CLC group (171 [113-286] vs. 126 [72-240] 
min, p < 0.01), but the periods requiring painkiller was shorter. That led to reduced length of 
hospital stay compared to low-risk CLC group (2 [2-4] vs. 4 [2-12] days, p < 0.01). Between 
the low-risk CLC and moderate/high-risk CLC group, operation time was significantly longer 
and amount of blood loss was larger in the latter group. No complications were encountered 
in the SILC group. SILC can be indicated safely as far as appropriate criteria is adopted for 
excluding patients in whom complicated laparoscopic procedures are needed.

Keywords: Conventional multiport laparoscopic cholecystectomy, fluorescence cholangiography, 
single-incision laparoscopic cholecystectomy

DOI: 10.5582/bst.2015.01143Original Article
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polyps, or acute cholecystitis at The University of Tokyo 
between December 2009 and April 2012. Exclusion 
criteria for SILC were determined as follows: age > 75 
years, obesity (BMI > 30 kg/m2), operative scar in the 
upper abdomen, concomitant cardiopulmonary diseases, 
acute cholecystitis, choledocholithiasis, abnormal 
bile duct anatomy detected by routine preoperative 
cholangiography on computed tomography, magnetic 
resonance images, or fluoroscopy. These criteria were 
set to secure the safety based on the studies which 
indicated higher postoperative morbidity rate following 
CLC for patients with higher age (11), the higher grade 
in American Society of Anesthesiologists score (11), 
and complicated and/or acute gallstone disease (11-13). 
SILC was indicated for patients who met the criteria 
and opted for SILC after being presented explanation 
on the potential benefits and disadvantages of this 
procedure. CLC and SILC were performed or guided by 
surgeons who have experienced general surgery and LC 
for more than 10 years. All operations were performed 
after obtaining informed consent from each patient, and 
patient anonymity was preserved.

2.2. Surgical techniques

For CLC, patients were placed in the supine position 
under general anesthesia as well as epidural anesthesia. 
The trocar for laparoscopy was placed via the umbilical 
region, and 2 to 3 trocars were generally placed on the 
epigastric region and on the right side of the umbilicus. 
For SILC, on the other hand, patients were placed in 
the supine position with legs spread apart under general 
anesthesia with local anesthesia around the umbilicus. 
SILS port (Covidien, Mansfield, MA, USA) and a 5.4 
mm-flexible laparoscope were used. A 2 mm visceral 
tractor (Mini Loop Retractor II; Covidien) was also 
used to lift the fundus of the gallbladder (14). The 
procedure was performed through Semi-cross method, 
holding an articulating instrument (Roticulator Endo 
Grasp; Covidien) with the left hand and a straight 
instrument with the right hand (15). The triangle of 
Calot was dissected to reach "critical view of safety" 
(16), while using fluorescence cholangiography (17-
20) with preoperative and intravenous injection of 
ICG at any time during the procedures (Figure 1 
and supplementary video 1, http://biosciencetrends.
com/docindex.php?year=2015&kanno=6). When 
the isolation of the cystic duct was not completed 
within one hour after the incision, the second trocar 
was then placed to facilitate laparoscopic procedures. 
During this study period, intraoperative drip infusion 
cholangiography using meglumine iotroxate (21) 
(Figure 2) as well as fluorescence cholangiography 
was also routinely performed for both LC and SILC at 
the authors' institution. The cystic duct was ligated and 
divided after confirming the anatomy of the common 
bile duct using drip infusion cholangiography and 

fluorescence cholangiography, and consequently, the 
gallbladder was removed from the liver and retrieved. 
In principle, a drainage tube was not placed.

2.3. Postoperative management

The catheter for the epidural anesthesia in CLC was 
removed on postoperative day 2. Non steroid anti-
inflammatory drug was administered intravenously 
or orally to relieve postoperative pain depending on 
patients' complaint. Patients were discharged from the 
hospital when levels of C-reacitive protein and hepato-

408

Figure 1. Fluorescence cholangiography during SILC. (A) 
Fluorescence cholangiography (right) after dissection of the 
triangle of Calot identifies the cystic duct (arrow head) and 
the common bile duct (arrow). (B) The cystic duct (arrow) is 
isolated and clearly visualized on fluorescence images. Please 
see supplementary video 1.

Figure 2. Drip infusion cholangiography. Drip infusion 
cholangiography was performed to confirm the relationship 
between the common bile duct (arrowheads) and clips made 
at the cystic duct (arrow).
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group and the 89 patients in the low risk-CLC group, 
the former group included younger patients and larger 
ratio of female patients (Table 1).

3.2. Intraoperative outcomes

Intraoperative factors are summarized in Table 2. 
Operation time in the low-risk CLC group was 
significantly shorter than that in the SILC group (126 
[72-240] min vs. 171 [113-286] min, p < 0.01) and 
also than that in the moderate/high-risk CLC group 

biliary enzyme in blood were confirmed to be within 
normal limit on PODs 1 and/or 3 and when they had 
recovered from impaired activities of daily living. 
Follow-up was conducted for at least 6 months after 
surgery.

2.4. Statistical analysis

The subjects were divided into the following three 
groups: patients who met the exclusion criteria for 
SILC and underwent CLC (moderate/high-risk CLC 
group), those who were potential candidates of SILC 
but underwent CLC (Low-risk CLC group), and 
those who were potential candidates of SILC and 
actually underwent SILC (SILC group). Background 
characteristics and postoperative outcomes were 
compared between the Low-risk CLC group and the 
SILC group. Intraoperative factors were compared 
among the low-risk CLC group, the moderately/high-
risk CLC group, and the SILC group. 
 Categorical variables are expressed in numerical 
figures (%), and were compared between groups using 
Fisher's exact test or the chi-square test. Continuous 
variables were expressed as median values (with range), 
and were compared using the Wilcoxon's rank-sum 
test. In the analysis of intraoperative factors among the 
three groups, the Steel-Dwass test was used following 
Kruskal-Wallis test. p values < 0.05 were considered 
as denoting statistical significance. Statistical analysis 
was conducted using JMP software (version 9.0.2; SAS 
Institute Inc., Cary, NC).

3. Results

3.1. Background characteristics

The treatment flow in the study population is shown in 
Figure 3. Among the 146 patients, 34 (23%) patients 
were excluded from the candidates of SILC (the 
moderate/high risk-CLC group) due to high age (n = 
13), obesity (n = 11), acute cholecystitis (n = 3), surgical 
scar in the upper abdomen (n = 2), and abnormal bile 
duct anatomy on preoperative cholangiography (n = 
5). Of the remaining 112 candidates of SILC, 23 (21 
%) patients opted for SILC and 89 patients (79%) 
underwent CLC. Between the 23 patients in the SILC 

Figure 3. The treatment flow of study population. 
SILC, single-incision laparoscopic cholecystectomy; CLC, 
conventional multiport laparoscopic cholecystectomy; Low 
risk-CLC, CLC for patients who were the potential candidate of 
SILC but underwent CLC; Moderate/high risk-CLC, CLC for 
patients who met the exclusion criteria for SILC and underwent 
CLC.

Table 1. Background characteristics of SILC vs. low risk-
CLC

Variables

Age (y)*

Gender
    Female
    Male
BMI (kg/m2)*

Indication
    Stones
    Polypoid lesions
    Both

Low risk-CLC
(n = 89)

59 [22-75]

39 (44%)
50 (56%)
23 [16-30]

84 (95%)
  3 (3%)
  2 (2%)

 SILC
(n = 23)

45 [19-65]

17 (74%)
  6 (26%)
21 [16-30]

23 (100%)
  0 
  0

BMI, body mass index. *Median [range].

p value

< 0.01

< 0.01

0.116
0.308

Table 2. Intraoperative outcomes among SILC, low risk-CLC, and moderate/high risk-CLC

Variables

Operation time (m)*

Estimated blood loss (mL)*

Additional trocar placement
Conversions to laparotomy†

Intraoperative complications‡

SILC (n = 23)

171 [113-286]a

3 [0-50]
2 (9%)

0
0

Low risk-CLC (n = 89)

126 [72-240]a,b

3 [0-100]b
0

1 (1%)†

0 
* Median [range]. † Intraoperatively diagnosed as gallbladder carcinoma. ‡ Anaphylaxis after intravenous injection of iodinated contrast material. a p 
< 0.05 between the SILC group and the low-risk CLC group. b p < 0.05 between the low-risk CLC group and the moderate/high -risk CLC group.

Moderate/High risk-CLC (n = 34)

150 [100-343]b

5 [0-250]b

0
1 (4%)†

1‡ 
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(126 [72-240] min vs. 150 [100-343] min, p < 0.023). 
Estimated blood loss in the low-risk CLC was similar 
to that in the SILC group but smaller than that in the 
moderate/high-risk CLC group (low risk-CLC 3 [0-
100] mL vs. moderate/high-risk CLC 5 [0-250] mL, 
p = 0.017). In the SILC group, additional trocars 
were needed in 2 patients (9%, one patient with BMI 
29.9 kg/m2 and severe adhesion around the liver and 
the gallbladder and the other patient with severe 
inflammation around the hepatoduodenal ligament). No 
intraoperative complication was observed in the SILC 
group. Conversion to laparotomy was needed for one 
patient (1%) in the low-risk CLC group and one patient 
(4%) in the moderate/high-risk CLC group due to the 
diagnosis of gallbladder carcinoma in the intraoperative 
pathological findings.

3.3. Postoperative outcomes

Postopera t ive  compl ica t ions  (Clavien-Dindo 
classification [22] grade II or more) developed only 
in the Low risk-CLC group (pleural effusion and 
intra-abdominal abscess, Table 3). No bile leak was 
encountered in the SILC group or in the Low risk-CLC 
group. Postoperative hospital stay was significantly 
shorter in the SILC group than in the Low risk-CLC 
group (2 [2-4] days vs. 4 [2-12] days, p < 0.01). Patients 
in the SILC group needed postoperative for shorter 
periods compared to those in the Low risk-CLC group 
(Table 3).

4. Discussion

In the present study, LC has been performed in 146 
consecutive patients using the definite exclusion 
criteria for SILC. According to our criteria, 77% of 
the patients undergoing LC were defined as potential 
candidates for SILC, and of those, 23 patients decided 
to undergo SILC. In the SILC group, additional trocars 
were needed in two patients (9%) and no conversion 
to open surgery was required. Although operation time 
was significantly longer in the SILC group than in the 
low risk-CLC group, SILC led to better postoperative 
outcomes in terms of length of hospital stay and 
painkiller use most likely due to its less-invasiveness 

without increasing risk of operative complications 
compared to CLC. These results suggest that SILC can 
be applied safely to patients who prefer better cosmetic 
outcomes if appropriate indication criteria for SILC is 
established.
 In the previous series, some authors have proposed 
exclusion criteria for SILC consisting of clinical factors 
such as BMI > 35 or 40 kg/m2 (4,22,23), cholecystitis 
(4,22), abdominal scar (4,22,23), choledocholithiasis 
(4,23), pacemaker (22), and pregnancy (22) (Table 4). 
Since operation time of SILC tend to be longer than that 
in the CLC, it is reasonable to consider patients with a 
high risk of general anesthesia and clinical factors that 
can further prolong operation time as contraindications 
for SILC. Since operation time of SILC tend to be 
longer than that in the CLC, it is reasonable to consider 
patients with a high risk of general anesthesia and 
clinical factors that can further prolong operation time 
as contraindications for SILC. The long operation 
time in our series was most likely due to unskilled 
surgical skills for single incision technique in addition 
to the application of intraoperative ICG-fluorescence 
imaging. In the present series, on the other hand, we 
regarded patients as having moderate/high risk of LC 
and contraindication for SILC if they met any of the 
followings: higher age, obesity, operative scar in the 
upper abdomen, concomitant cardiopulmonary diseases, 
acute cholecystitis, choledocholithiasis, and abnormal 
bile duct anatomy. Indeed, operation time and estimated 
blood loss in the moderate/high-risk CLC group were 
unfavorable compared to those in the low-risk CLC 
group, suggesting that our criteria may serve to assure 
safety of SILC. In contrast, our indication criteria for 
SILC are stricter than those used in the previous series 
in terms of restrictions in age and BMI. In particular, 
routine use of preoperative cholangiographic images to 
evaluate bile duct anatomy may be a debatable issue, 
but we believe that preoperative cholangiography 
and/or intraoperative fluorescence cholangiography 
(18,19) is essential for reducing risk of bile duct injury 
especially in patients undergoing SILC. As single-
incision surgery techniques advance, indications of 
SILC can be expanded gradually in future.
 Interestingly, only 20% of potential candidates of 
SILC decided to undergo SILC after informed consent, 
most likely because the majority of patients in the 
present series prioritized safety of surgery over the 
advantages SILC demonstrated thorough randomized 
controlled trials (2,3), including better cosmetic 
outcomes, less postoperative pain, and shorter length of 
hospital stay compared to CLC. If further advancements 
in surgical techniques, such as robotic surgery (24) 
and intraoperative fluorescence cholangiography (17-
20,25), enhance safety of SILC, the role of SILC in the 
treatment of cholecystolithiasis/cholecystitis may gain 
more presence in future. 
 In conclusion, SILC can be safely applied to patients 

Table 3. Postoperative outcome of SILC vs. low risk-CLC

Variables

Postoperative complications
Use of postoperative painkiller
 None
 ≤ 3 days
 Hospital stay (d)*

Low risk-CLC
(n = 89)

2†

11 (12%)
46 (52%)
  4 [2-12]

 SILC
(n = 23)

  0

  6 (26%)
22 (96%)
  2 [2-4]

* Median [range]. † Pleural effusion (n = 1) and intra-abdominal 
abscess (n = 1). 

p value

0.122
< 0.01
< 0.01



www.biosciencetrends.com

BioScience Trends. 2015; 9(6):407-413.411

Ta
bl

e 
4.

 In
di

ca
tio

n 
cr

ite
ri

a 
an

d 
op

er
at

iv
e 

ou
tc

om
es

 o
f S

IL
C

So
ur

ce

K
ar

im
, e

t a
l. 

(4
),

20
12

 

Cu
lp

, e
t a

l. 
(5

),
20

12

K
ha

m
ba

ty
, e

t a
l. 

(2
6)

, 
20

11

Cu
rc

ill
o,

 e
t a

l. 
(2

7)
,

20
10

Ri
va

s, 
et

 a
l. 

(2
3)

,
20

10

El
se

y,
 e

t a
l. 

(2
8)

,
20

10

D
om

in
gu

ez
, e

t a
l. 

(2
2)

,
20

09

Cu
rre

nt
 st

ud
y

Ex
cl

us
io

n 
cr

ite
ria

 fo
r S

IL
C

w
ar

fa
rin

, B
M

I 
> 

40
, c

ho
le

cy
st

iti
s,  

ab
do

m
in

al
 sc

ar
, c

ho
le

do
ch

ol
ith

ia
sis

 

N
.S

.

M
al

ig
na

nt
 d

ise
as

e

M
al

ig
na

nt
 d

ise
as

e

C
ho

le
do

ch
ol

it
hi

as
is

, 
pr

ev
io

us
 

ab
do

m
in

al
 su

rg
er

y,
 B

M
I >

 3
5

M
al

ig
na

nt
 d

ise
as

e

U
pp

er
 a

bd
om

in
al

 sc
ar

, B
M

I >
 4

0,
 

ch
ol

ec
ys

tit
is,

 p
ac

em
ak

er
, p

re
gn

an
cy

ag
e 

> 
75

 y
ea

rs
, B

M
I >

 3
0,

 o
pe

ra
tiv

e 
sc

ar
, 

ca
rd

io
pu

lm
on

ar
y 

di
se

as
es

, 
ch

ol
ec

ys
tit

is
, c

ho
le

do
ch

ol
ith

ia
si

s, 
ab

no
rm

al
 b

ile
 d

uc
t a

na
to

m
y

N 
(in

di
ca

tio
n 

ra
te

of
 S

IL
C,

 %
)

45
 (2

5)

62
 (5

0)

N
.A

.

10
0 

(1
00

)

N
.A

.

N
.A

.

N
.A

.

23
 (1

6)

N
.A

., 
no

t a
pp

lic
ab

le
; N

.S
., 

no
t s

ta
te

d.
 

* 
M

ed
ia

n 
[r

an
ge

].
† 
O

oz
in

g 
fr

om
 th

e 
ga

llb
la

dd
er

 fo
ss

a 
(n

 =
 1

) a
nd

 p
os

to
pe

ra
tiv

e 
en

do
sc

op
ic

 re
tro

gr
ad

e 
ch

ol
an

gi
op

an
cr

ea
to

gr
ap

hy
 fo

r r
et

ai
ne

d 
st

on
e 

(n
 =

 1
). 

‡ 
w

ou
nd

 se
ro

m
a 

(n
 =

 9
), 

in
tra

op
er

at
iv

e 
bi

le
 o

r b
ag

 sp
ill

ag
e 

(n
 =

 5
), 

um
bi

lic
al

 a
bs

ce
ss

 (n
 =

 3
), 

um
bi

lic
al

 h
em

at
om

a 
(n

 =
 2

), 
ile

us
 (n

 =
 2

), 
po

sto
pe

ra
tiv

e 
en

do
sc

op
ic

 re
tro

gr
ad

e 
ch

ol
an

gi
op

an
cr

ea
to

gr
ap

hy
 fo

r r
et

ai
ne

d 
sto

ne
 (n

 =
 1

), 
bi

lia
ry

 st
ric

tu
re

 a
t 1

 y
ea

r (
n 

= 
1)

, l
ac

er
at

io
n 

to
 th

e 
fa

lc
ifo

rm
 li

ga
m

en
t (

n 
= 

1)
, w

ou
nd

 in
fe

ct
io

n 
(n

 =
 1

), 
ac

ut
e 

re
na

l f
ai

lu
re

 (n
 =

 1
), 

an
d 

ia
tro

ge
ni

c 
sk

in
 la

ce
ra

tio
n 

to
 th

e 
w

ou
nd

 (n
 =

 1
). 

 
§ 
po

rt 
si

te
 h

em
at

om
a 

(n
 =

 3
) a

nd
 sk

in
 d

eh
is

ce
nc

e 
at

 u
m

bi
lic

al
 si

te
 (n

 =
 2

).
¶ 
w

ou
nd

 in
fe

ct
io

n 
at

 u
m

bi
lic

us
 (n

 =
 1

). 

Fe
m

al
e 

se
x,

 
N

 (%
)

36
 (8

0)

N
.S

.

N
.S

.

24
0 

(8
1)

85
 (8

5)

16
0 

(6
7)

31
 (7

8)

17
 (7

4)

A
ge

 (y
)

46
[2

0-
73

]

45
[2

2-
84

]

44
.9 46

[1
6-

87
]

34
[1

7-
66

]

39 48
[2

7-
68

]

45
[1

9-
65

]

B
M

I
(k

g/
m

2 )

24
[2

1-
27

]

N
.S

.

29
.5

N
.S

.

30
[1

7-
43

]

28
[2

1-
37

]

22
[1

6-
30

]

O
pe

ra
tio

n 
tim

e 
(m

)*

75
[4

2-
12

0]

65
[3

5-
14

1]

82 71 51
[2

3-
12

0]

40 93
[5

5-
13

0]

17
1

[1
13

-2
86

]

A
dd

iti
on

al
 

po
rt 

(%
)

N
.S

.

N
.S

.

24 N
.S

.

13 3 0 8

C
on

ve
rs

io
n

(%
)

0 N
.S

.

0 1.
4 0 0.
4 0 0

C
om

pl
ic

at
io

n†
(%

)

0 0 2† 9‡

N
.S

.

2§ 3¶ 0

Pa
in

(v
s. 

C
LC

)

Sa
m

e

N
.S

.

Sa
m

e

N
.S

.

N
.S

.

N
.S

.

N
.S

.

Le
ss

H
S 

(d
)*

0.
9

[0
.5

-2
]

0.
4

[0
-6

]

1.
2

1.
5

N
.S

.

1 N
.S

.

2
[2

-4
]



www.biosciencetrends.com

BioScience Trends. 2015; 9(6):407-413. 412

who desire better cosmetic outcomes if appropriate 
exclusion criteria are established through consideration 
of potential risks that SILC poses in prolonged 
operation time and bile duct injury.
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1. Introduction

Intravenous therapy using a peripheral intravenous 
catheter (PIVC) is a common and useful method for 
peripheral venous administration of medicine or fluid 
(1-3). However, treatment interruptions frequently occur 
in intravenous therapy because of accidental removal 
or signs and symptoms indicating complications (4-

6). These problems not only lead to uncomfortable 
experiences for patients but are also costly in terms of 
repeated PIVC insertion (7,8). 
 Infiltration is one of the problems of intravenous 
therapy, because it can result in serious complications, 
including skin loss and necrosis (9). A report from the 
Veterans Administration of Puget Sound Health Care 
System showed that 33.7% of all complications during 
IV therapy with PIVC occurred because of infiltration 
(10). Therefore, clarifying the causes of infiltration can 
help prevent catheter failures. 
 The Infusion Nurses Society Standards of Practice 
Infiltration Scale defines infiltration as inadvertent 
leakage of a non-vesicant solution into surrounding 

Summary The present observational study aimed to clarify the relationship between the tip position of 
an indwelling venous catheter and the subcutaneous edema using ultrasonography images. 
Data were obtained before catheter removal in a medical ward of a university hospital in 
Tokyo, Japan. Two hundred peripheral intravenous catheters (PIVCs) from 154 patients 
were observed just before removal. We analyzed data for 194 PIVCs from 150 patients. 
Subcutaneous edema was observed in 43.8% of ultrasonography images. According to 
the univariate analysis, insertion site, PIVC tip contact with the vessel wall, and irritant 
drug’s presence were selected as independent variables for logistic regression analysis. 
Both irritant drug and PIVC tip contact were associated with the presence of subcutaneous 
edema [adjusted odds ratio (OR) = 2.68, 95% confidence interval (CI) = 1.14-6.33; and OR 
= 2.01, 95% CI = 1.04-3.88, respectively]. To the best of our knowledge, this is the first study 
to use ultrasonography to simultaneously observe PIVC tip position and subcutaneous 
edema. Using ultrasonography to observe PIVC may be a useful method to understand 
these mechanisms. Medical staff should select an appropriate vein and indwelling catheter 
to avoid contact of PIVC tip with the vessel wall. Further studies exploring the causality of 
the relationship between subcutaneous edema, catheter placement, and thrombus formation 
is required. In addition, further development of nursing skills and medical devices to reduce 
mechanical stress is required.

Keywords: Intravenous therapy, peripheral intravenous catheters, subcutaneous tissue, 
ultrasonography
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tissue; grade 1 clinical criteria is edema of < 1 inch 
(2.5 cm) in any direction (11). Edema is observed as 
swelling surrounding the insertion site of an indwelling 
catheter. In contrast, subcutaneous edema surrounding 
the insertion site of an indwelling catheter can also be 
observed using ultrasonography (US) (12), a portable, 
non-invasive method that does not result in radiation 
exposure. 
 Doellman et al. reported that risk factors for infiltration 
and extravasation have been commonly regarded as 
mechanical factors (vein size and condition, catheter 
size and stability, insertion site, patient activity, insertion 
frequency, and power injector use), physiological 
factors (clot formation, thrombus, fibrin sheath, and 
lymphedema), and pharmacological factors (pH, 
osmolarity, vasoconstrictive potential, and cytotoxicity) 
(13). In the present study, we focused on mechanical 
factors because the subcutaneous tissue and vessel 
wall are damaged by inserting the needle, and an 
indwelling catheter might also continuously stimulate 
the vessel wall during placement. PIVC directly injures 
the subcutaneous tissue and vessel walls, followed by 
repairing of the vessel wall by blood clotting (14) and 
occurrence of edema as an inflammatory reaction in the 
subcutaneous tissue. Stimulation due to catheterization, 
particularly the catheter tip position, may be directly 
related to subcutaneous edema.
 We used US to observe the situation of the indwelling 
catheter in the vein just before catheter removal. 
Clarifying the relationship between the position of an 
indwelling catheter in the vein and complications such 
as subcutaneous edema can facilitate the development 
of catheter placement skills and devices to prevent 
stimulation of the vessel wall. Therefore, the present 
study aimed to clarify the relationship between the tip 
position of an indwelling venous catheter and the image 
of subcutaneous edema using US.

2. Materials and Methods

2.1. Study design and participants

The present study used a prospective observational 
approach. Data were obtained just before catheter 
removal in a medical ward of a university hospital in 
Tokyo, Japan, from January to June 2014. The study 
sample included hospitalized adult patients who 
received IV therapy. Catheter removal was from 6:00 
AM to 9:00 PM every weekday. Exclusion criteria were 
as follows: patients who received chemotherapy, those 
who were under 20 years of age, those who had low 
cognitive levels, and those who had a condition that 
made it difficult to cooperate with the research.

2.2. Data collection procedure

Researchers were notified by the nurse or physician 

when a catheter was to be removed due to catheter 
failure, routine replacement, or completion of IV 
therapy. US examination was performed at bedside 
just before catheter removal. Characteristics of PIVC 
placement, such as insertion site, catheter size, and 
catheterization duration, were also recorded. 
 In addition, the researchers observed signs, such as 
swelling, redness, induration, bleeding, and symptoms, 
such as pain. Patient characteristics, such as age, sex, 
and history of present illness and intravenous fluid 
therapy, were collected from patients' medical records.

2.3. US scanning technique

We used US diagnostic equipment (Hitachi Aloka 
Medical Ltd.,  Tokyo, Japan) with linear-array 
transducers (5-18.0 MHz). The focal range and image 
depth were set at 1.5-2 cm to determine the correct 
display range. Echo gain was set at 25 and the dynamic 
range at 65. Ultrasound gel (Aquasonic 100; Parker 
Laboratories Inc., Fairfield, NJ, USA) and gel pads 
(Sonar Pad; Nippon Bxi Inc., Tokyo, Japan) were 
used because transducer pressure resulted in vein 
disfiguration (Figure 1).
 US examina t ions  were  per formed  by  two 
researchers who received US training. The PIVC tip 
positions were the anatomic landmarks for identifying 
the US scanning point, with scanning starting at the 
insertion site and performed for more than 5 cm on both 
the short and long axes.

2.4. Data analysis

2.4.1. US images analysis

The PIVC tip position, intravenous thrombus, and 
edema of the subcutaneous fat layer were assessed by a 
certified sonographer with over 10 years of experience. 
The definitions of thrombus and subcutaneous edema 
were based on our previous study (12). Intravenous 
thrombus was defined as a marked echogenic mass 
with an uneven surface. Subcutaneous edema was 
defined by a homogeneous cobblestone appearance in 
the subcutaneous fat layer due to excessive fluid in the 
interstitium and a slightly edematous dermis. Presence 
or absence of subcutaneous edema and intravenous 
thrombus was determined using both transverse and 
longitudinal US images.
 The PIVC tip position was defined as clear contact 
with the vessel wall; presence or absence of contact was 
determined using transverse US images.

2.4.2. Statistical analysis

Chi-square or Mann-Whitney U tests were used to 
compare PIVC placement between two patient groups 
(with and without subcutaneous edema). 
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IBM Corp.).

2.5. Ethical considerations

Before participation, all patients and their families were 
informed about the purpose of the study, methods of 
measurement, management of individual information, 
consideration of safety, and right to withdraw from 
participation at any time. Written consent was obtained 
from all participating patients. 
 This study was approved by the Research Ethics 
Committee of the Graduate School of Medicine at the 
University of Tokyo (#10348).

3. Results

3.1. Participants and PIVC characteristics

In total, 293 patients consented to participate in the 
present study. Two hundred PIVCs from 154 patients 
were observed just before removal. Six PIVCs were 
excluded from analysis because US images were not 
obtained. Data for 194 PIVCs from 150 patients were 
analyzed. Of the participants, 88 (58.7%) were male; 
the mean age was 69.7 years, with a standard deviation 

 The insertion site was classified as forearm or 
others (upper arm, dorsum of hand, wrist, cubital fossa 
and dorsum of foot) and the duration of catheterization 
was classified as < 96 h or ≥ 96 h based on the study 
facility's policy as specified by the Guidelines for the 
Prevention of Intravascular Catheter-Related Infections 
(15). 
 The subjective observation of the presence or 
absence of infiltration [edema (swelling), pain, cool-
to-touch] was based on the Infusion Nurses Society 
Standards of Practice Infiltration Scale, with presence 
being more than grade 1 criteria (11).
 Information about intravenous fluids, including 
antibiotic and irritant drug administration, was collected 
from patients' medical charts. We defined an irritant 
drug as having a pH < 5 or a ratio of osmotic pressure ≥ 
3, based on the Infusion Nursing Standards of Practice 
(16). Multivariate logistic regression analysis was 
used to define the relationships between each factor 
in the univariate analysis that showed p < 0.2 with 
subcutaneous edema. 
 All two-tailed p-values of < 0.05 were considered 
significant. Data were analyzed using the Statistical 
Package for Social Sciences Version 21.0 (IBM SPSS 
Statistics for Windows, Version 21.0. Armonk, NY: 

Figure 1. Ultrasonography findings of subcutaneous tissue, blood vessel, and peripheral intravenous catheter placement. 
A: Normal findings (transverse image), B: Normal findings (longitudinal image), C: PIVC tip in contact with the vessel wall 
(transverse image), D: PIVC tip in contact with the vessel wall (longitudinal image). Ultrasonography images showing the vessel 
wall (arrows), PIVC tip (arrowheads), and subcutaneous edema (circle).
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(SD) of 12.7 years (range, 25-92 years). In addition, 81 
patients (54%) had neoplasms (Table 1).
 The most common catheter size was 22 gauge 
(81.4%) and almost all were inserted into the forearm 
(91.8%). The duration of catheterization was almost 
within 96 h (82.0%).

3.2. US findings

Subcutaneous edema was observed in 85 (43.8%) 
US images and was associated with the presence of 
infiltration (p < 0.001). Intravenous thrombus before 
PIVC removal was observed in 112 (60.9%) images, 

and PIVC tip was in clear contact with the vessel wall 
in 60 (33.3%) images.

3.3. Risk factors associated with subcutaneous edema

Patient characteristics, such as age and sex, and PIVC 
characteristics, such as catheter size, insertion site, 
and catheterization duration, were not associated 
with subcutaneous edema. The number of PIVCs 
used to administer irritant drug during catheterization 
was 36 (18.6%), which was significantly associated 
with subcutaneous edema (p = 0.009) and thrombus 
(p = 0.001). In this research, all irritant drugs were 
BFLUID®. The presence of PIVC tip contact was 
also associated with subcutaneous edema (p = 0.038). 
Intravenous thrombus was associated with subcutaneous 
edema (p = 0.047) (Table 2).
 Following univariate analysis, insertion site, irritant 
drug, and presence of PIVC tip contact's presence 
were included as independent variables for logistic 
regression analysis. The sex and age of patients were 
included as control variables. Multicollinearity was 
considered to be present between PIVC tip contact with 
the vessel wall and intravenous thrombus; therefore, 
intravenous thrombus was excluded. Administration of 
an irritant drug and presence of PIVC tip contact were 
associated with the presence of subcutaneous edema 
[adjusted odds ratio (OR) = 2.68, 95% confidence ratio 

Table 1. Participants characteristics

Items

Age (years), mean (SD)
Sex, n (%)
    Male
    Female
History of present illness, n (%)
    Neoplasms
    Digestive system
    Circulatory system
    Certain infectious
    Musculoskeletal system and connective tissue
    Nervous system
    Respiratory system

(n = 150)

69.7 (12.7)

88 (58.7)
62 (41.3)

81 (54.0)
50 (33.4)
  8 (5.3)
  5 (3.3)
  3 (2.0)
  2 (1.3)
  1 (0.7)

Note. History of present illness was classifi ed based on ICD-10.

Table 2. Characteristics of peripheral intravenous catheter placement

Items

Age (years), median [interquartile range]
Sex, n (%)
     Male
     Female
Catheter size, n (%) 
     20 gauge
     22 gauge
     24 gauge
Insertion site, n (%)
     Forearm
     Othersb)

Duration of catheterization, n (%)
     < 96 hours
     ≥ 96 hours
Antibiotics, n (%)
     Presence
     Absence
Irritant drugc), n (%)
     Presence
     Absence
PIVC tip in contact with the vessel wall, 
n (%) (n = 180) 
     Presence
     Absence
Intravenous thrombus, n (%) (n = 184)
     Presence
     Absence

Total catheter (n = 194)

72.5 [15.3]

115 (59.3)
  79 (40.7)

    4 (2.1)
158 (81.4)
  32 (16.5)

178 (91.8)
  16 (8.2)

159 (82.0)
  35 (18.0)

  94 (48.5)
100 (51.5)

  36 (18.6)
158 (81.4)

  60 (33.3)
120 (66.7)

112 (60.9)
  72 (39.1)

Without edemaa) (n = 109)

73.0 [15.0]

68 (62.4)
41 (37.6)

  2 (1.8)
87 (79.8)
20 (18.3)

103 (94.5)
6 (5.5)

90 (82.6)
19 (17.4)

49 (45.0)
60 (55.0)

13 (11.9)
96 (88.1)

27 (26.5)
75 (73.5)

57 (54.3)
48 (45.7)

a) Presence of edema of the subcutaneous fat layer before catheter removal by ultrasound. b) Others: upper arm, dorsum of hand, wrist, cubital 
fossa, dorsum of foot, c) Irritant drug: pH < 5 or ratio of osmotic pressure ≥ 3, d) Mann-Whitney U test, e) χ2–test. *p < 0.05.

With edemaa) (n = 85)

72.0 [17.0]

47 (55.3)
38 (44.7)

2 (2.4)
71 (83.5)
12 (14.1)

75 (88.2)
10 (11.8)

69 (81.2)
16 (18.8)

45 (52.9)
40 (47.1)

23 (27.1)
62 (72.9)

33 (42.3)
45 (57.7)

55 (69.6)
24 (30.4)

p-value

0.321d)

0.377e)

0.418d)

0.125e)

0.852e))

0.312e)

0.009e)*

0.038e)*

0.047e)*
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(CI) = 1.14-6.33; and OR = 2.01, 95% CI = 1.04-3.88, 
respectively] (Table 3).

4. Discussion

To the best of our knowledge, this is the first study 
using US to simultaneously examine PIVC tip position 
and subcutaneous edema. We found that the PIVC tip 
position was associated with subcutaneous edema.
 We focused on mechanical factors, one of the risk 
factors for infiltration and extravasation, because the 
subcutaneous tissue and vessel wall get damaged by 
inserting the needle. An indwelling catheter may also 
continuously stimulate the vessel wall during placement. 
Everitt prospectively observed intravenous catheters 
(fine-bore polyurethane) and vein caliber using B-mode 
ultrasound (7.5 MHz transducer), and suggested that the 
complication of infusion might be related to intravenous 
thrombus and that the initiating event was venous 
endothelial trauma by venipuncture and abrasion at 
the catheter tip or delivery of the feed (17). However, 
Everitt made no reference to the presence or absence of 
subcutaneous edema. In contrast, LaRue and Peterson 
suggested that the toxicant is no more diluted when 
a catheter's tip is positioned perpendicularly to the 
vessel wall; therefore, it may promote the incidence of 
chemically-induced phlebitis and subcutaneous edema 
(18). However, they did not observe the position of the 
catheter within the vein.
 Our results showed that one third of PIVC tip was 
clearly in contact with the vessel wall. It is noteworthy 
that the presence of subcutaneous edema was not only 
associated with irritant infusate but also associated with 
PIVC tip contact. This suggests that venous endothelial 
cells are directly damaged by mechanical stimulation 
from PIVC tip. Consequently, subcutaneous edema 
may have been formed as an inflammatory reaction to 
mechanical stimulation. In addition, venous endothelial 
cells might be damaged by chemical stimulation from 
PIVC tip positioned near the vessel wall. Extreme pH 
and high osmolarity relative to blood also affect venous 
endothelial cell damage and cause the infusate to escape 
venous circulation (13,19). 
 Although a relationship between the mechanism of 

the vessel wall damage and an increase in complications 
has not yet been revealed in detail (20), healthcare 
providers should carefully consider PIVC placement 
and the tip position in the vein. PIVC observation using 
US may be a useful method to develop understanding 
of these mechanisms. Medical staff should select an 
appropriate vein and indwelling catheter to avoid contact 
between PIVC tip and the vessel wall. Furthermore, 
even if PIVC tip is in contact with the vessel wall, 
developments in catheter design or material might reduce 
stimulation and inflammatory reactions.
 As we performed US observation just before catheter 
removal, we could not determine how long PIVC tip had 
stimulated a vascular wall. Moreover, it is not known 
exactly how PIVC position leads to complications. 
Further study exploring the causality of the relationship 
between subcutaneous edema, catheter placement, 
and thrombus formation is needed. In addition, further 
development is needed in nursing skills and medical 
devices to reduce mechanical stress.
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1. Introduction

Viral infections are serous conditions and are usually 
difficult to treat at the current point in time (1). Herpes 
simplex virus (HSV) can primarily be divided into two 
serotypes, i.e. HSV-1 and HSV-2, and infection with 
HSV can lead to herpes simplex encephalitis, genital 
herpes, or cervical cancer, and is a risk factor for fetal 
congenital malformation (2,3). HSV-1 infection is a 
common and widespread disease that is characterized 
by lifelong persistence and periodic reactivation (4). 
Ribavirin is the one of the main drugs that is currently 
used to treat HSV-1 infection (5). However, mounting 
evidence has shown that the virus is becoming resistant 
to this drug due to long-term use (6,7). Consequently, 
the pressing challenge is to develop novel drugs to treat 
HSV-1 infection. 
 Traditional Chinese medicine (TCM) has attracted 

considerable attention in the search for antivirals 
because TCM has obvious advantages in the treatment 
of viral infections and TCM has a broad range of 
applications (8). Inulae Radix (Tu-Mu-Xiang) is a 
typical TCM that is usually used to treat bacterial 
or viral infection in China. Thus, the current study 
examined the anti-HSV-1 action of alantolactone, a 
main component found in Inulae Radix, in vitro.

2. Materials and Methods

2.1. Agents

Alantolactone was obtained from Shanghai Yuanye 
Biological Technology Co. Ltd. (Shanghai, China). 
For an in vitro assay, alantolactone was first dissolved 
in dimethyl sulfoxide (DMSO; Sigma-Aldrich) and 
further diluted in RPMI-1640 media (Hyclone) before 
use. Injectable ribavirin was purchased from Sanjing 
Pharmaceutical Co., Ltd. (Harbin, Heilongjiang, 
China). HSV-1 was obtained from the School of Basic 
Medicine, Nanjing University of Traditional Chinese 
Medicine (Nanjing, Jiangsu, China).

2.2. Cell line and cell culture

African green monkey kidney cells (Vero cells) were 
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of traditional Chinese medicine Inulae Radix (Tu-Mu-Xiang), on herpes simplex virus 1 
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obtained from the School of Basic Medicine, Nanjing 
University of Traditional Chinese Medicine. Briefly, 
cells were cultured in RPMI 1640 supplemented 
with 10% fetal bovine serum (FBS) at 37°C in a 
humid atmosphere (5% CO2-95% air). Cells were 
harvested by brief incubation in 0.02% (w/v) 
ethylenediaminetetraacetic acid (EDTA) in PBS.

2.3. Assay of the cytopathic effect (CPE) of the virus

A CPE-based assay was used to determine the structural 
changes in the host cells that are caused by viral 
invasion. Common examples of CPE include rounding 
of infected cells, fusion with adjacent cells to form 
syncytia, and the appearance of nuclear or cytoplasmic 
inclusion bodies (9). '−' was recorded when none of the 
cells exhibited cytopathic effect; '+' was recorded when 
0-25% of cells exhibited a cytopathic effect; '++' was 
recorded when 25-50% of cells exhibited a cytopathic 
effect; '+++' was recorded when 50-75% of cells 
exhibited a cytopathic effect; and '++++' was recorded 
when 75-100% of cells exhibited a cytopathic effect.

2.4. MTT assay

Cells (1 × 104 per well) seeded in 96-well plates were 
exposed to increasing concentrations of alantolactone 
for specified times. After incubation for 72 h, a 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay was performed by adding 20 μL 
of MTT (5 mg/mL, Sigma-Aldrich) for 4 h (10). Light 
absorbance of the solution was measured at 490 nm on 
a microplate reader (Perkin-Elmer, USA).

3. Results and Discussion

3.1. Toxicity of the virus

Vero cells seeded in 96-well plates were exposed to 
decreasing concentrations of HSV-1 (10-1, 10-2, 10-3, 10-4, 
10-5, 10-6, 10-7, 10-8, or 10-9 of stock virus solution) for 1 
h. The virus solution was then removed. The cells were 
subsequently cultured in RPMI-1640 media for 72 h. 
A CPE-based assay was used to determine the damage 
caused by HSV-1 in Vero cells. Results indicated 
that Vero cells were all infected when the dilution of 
the virus was above 10-3, and the tissue culture 50% 

infective dose (TCID50) was calculated to be 10-6.33 
according to the Reed-Muench method.

3.2. Effects of alantolactone on the viability of Vero 
cells

Vero cells seeded in 96-well plates were exposed 
to increasing concentrations of alantolactone for 72 
h. The cells were then subjected to an MTT assay. 
Results revealed no obvious cytotoxic effects when 
the concentration of alantolactone was lower than 
10-6 g/mL. In order to avoid the harmful effects of 
alantolactone on Vero cells, the concentration of 
alantolactone was set below 10-6 g/mL in the following 
antiviral assay.

3.3. Antiviral action of alantolactone on HSV-1

The effec ts  of  a lantolac tone  on HSV-1 were 
determined using a CPE-based assay and an MTT 
assay. Results of the CPE-based assay indicated that 
alantolactone at a concentration of 10-6, 10-7, or 10-8 
g/mL markedly inhibited viral infection (Table 1). 
However, alantolactone at a concentration of 10-7 g/
mL exhibited more potent antiviral action. The reason 
why alantolactone had less potent antiviral activity 
at 10-6 g/mL than at 10-7 g/mL might be because a 
higher concentration of alantolactone has more of 
a cytotoxic effect on Vero cells, thus reducing the 
resistance of Vero cells to viral infection. Similar 
results were obtained using the MTT assay (Figure 
1). Cell viability increased markedly when the 
alantolactone concentration was 10-6, 10-7, or 10-8 g/

421

Table 1. Anti-HSV-1 action of alantolactone evaluated with a CPE-based assay

Experiments No.

             1
             2
             3

Virus-free cells

-
-
-

Infected cells

++++
++++
++++

−, none of the cells exhibited a cytopathic eff ect; +, 0-25% of cells exhibited a cytopathic eff ect; ++, 25-50% of cells exhibited a cytopathic eff ect; 
+++, 50-75% of cells exhibited a cytopathic eff ect; ++++, 75-100% of cells exhibited a cytopathic eff ect.

Ribavirin

-
-
-

10-6

+
+
-

10-7

-
+
-

10-8

-
-

++

10-9

++
++

+++

10-10

+++
+++

++++

Alantolactone concentration (g/mL)

Figure 1. Alantolactone increased the viability of Vero cells 
infected with HSV-1.
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mL. Alantolactone at a concentration of 10-7 g/mL 
provided the most protection from HSV-1 infection. 
The IC50 of alantolactone was determined to be 10-7.4 
g/mL.

The present study examined the antiviral action of 
alantolactone on HSV-1. Given the possible cytotoxic 
effects of alantolactone on Vero cells, the effects of 
alantolactone on the cell viability of Vero cells were first 
determined using an MTT assay. Results indicated that 
alantolactone at concentrations below 10-6 g/mL did not 
have a marked effect on the cell viability on Vero cells. 
Alantolactone at a concentration of 10-6, 10-7, or 10-8 g/
mL inhibited viral infection and the viability of Vero 
cells increased markedly at these concentrations. These 
results suggest that alantolactone had antiviral action 
against HSV-1 in vitro and they provide evidence for 
use of Inulae Radix to treat HSV-1 infection. Studies to 
examine the antiviral action of alantolactone in vivo and 
the mechanisms underlying the action of alantolactone 
are warranted in the future.
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