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Transient receptor potential (TRP) channels, promising potential 
diagnostic and therapeutic tools for cancer
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1. Introduction

Most of life's activities cannot function properly without 
ion channels (1). Likewise, many studies have found that 
tumor proliferation, invasion, and metastasis are always 
accompanied by changes in ion channels, and particularly 
changes in the expression of transient receptor potential 
(TRP) channels. TRP channels are Ca2+ entry channels. 
They are ubiquitously expressed in a wide variety 
of tissues and have an extraordinarily diverse set of 
functions. Tumor formation and metastasis are complex 
processes involving multiple genes and multiple steps, 

including oncogenesis, basement membrane degradation, 
matrix permeability, cell adhesion, and vessel formation. 
During these processes, many genetic alterations 
induce changes in TRP channels expression, and the 
abnormal expression of these channels may promote the 
growth, proliferation, and metastasis of tumor cells (2). 
A growing amount of evidence from both in vitro and 
in vivo studies has implicated TRP channels in these 
processes. For example, TRPM8 is highly expressed in 
prostate cancer (3) and TRPM7 channels influence the 
growth and proliferation of head and neck tumor cells (4).

2. TRP

TRP genes were first described in Drosophila melanogaster 
in studies related to the fruit fly's visual system, but the 
genes were not recognized until Montell and Rubin’s work 
in 1989 (5). As their research progressed, TRP channels 
were further understood, but the original study did not 
go far enough. About thirty TRP channels have currently 
been identified, and they are grouped into seven main 

Review

Summary Despite the advances in detection of and therapies for various tumors, high rates of treatment 
failure and mortality still exist throughout the world. These high rates are mainly due to the 
powerful capability of tumor cells to proliferate and migrate. Recent studies regarding the 
transient receptor potential (TRP) have indicated that TRP channels are associated with 
tumors and that TRP channels might represent potential targets for cancer treatment. TRP 
channels are important calcium-selective ion channels in many different tissues and cell types 
in mammals and are crucial regulators of calcium and sodium. TRP were first discovered 
in the photoreceptors of Drosophila with gene defects or mutations. TRP channels can be 
divided into seven subfamilies: TRPC (canonical), TRPV (vanilloid), TRPM (melastatin), 
TRPML (mucolipin), TRPP (polycystin), TRPA (ankyrin transmembrane protein), and 
TRPN (NomPC-like). TRPC proteins are conserved across organisms since they are most 
homologous to Drosophila TRP. TRP superfamilies have been linked to many physiological 
and pathological functions, including cell differentiation, proliferation, apoptosis, and ion 
homeostasis. This review focuses on the properties of TRP in oncogenesis, cancer proliferation, 
and cell migration.

Keywords: Ion channels, transient receptor potential (TRP), cancer, proliferation, migration 
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subfamilies depending on their homology and channel 
function: TRPC (canonical), TRPV (vanilloid), TRPM 
(melastatin), TRPML (mucolipin), TRPP (polycystin), 
TRPA (ankyrin transmembrane protein), and TRPN 
(NomPC-like). With the exception of TRPN proteins, the 
other TRP proteins have been detected in mammals; TRPN 
proteins have been detected in fruit flies and zebra fish 
(6,7). According to in silico sequence analysis, all of the 
TRP proteins contain six transmembrane segments (S1-
S6) and a pore-forming loop between segments S5 and S6. 
The major differences between TRP channel subfamilies 
are found in the N- and C-terminal cytosolic domains, 
which contain putative protein interaction and regulatory 
motifs (8) (Figure 1). Most TRP channels are non-selective 
cation channels, and they are widely expressed in almost 
all tissues and cell types. These channels also perform 
various functions, including taste transduction, temperature 
sensation, muscle contraction, and cell death (9,10). 

3. TRP channels and cancer

TRP channels are increasingly recognized as playing roles 
in the growth, proliferation, migration, and invasion of 
cancer cells (Table 1 and Figure 2). 

3.1. TRP channels and lung cancer

Of all cancers, lung cancer has the highest mortality rate. 
It is a major public health problem and causes death 

worldwide. More than 1.3 million new lung cancer cases 
and over one million deaths due to lung cancer occur every 
year (11). In 2013, the US had approximately 228,190 new 
lung cancer cases and approximately 159,480 deaths due to 
lung cancer-related disease (12). The median survival time 
for patients with advanced lung cancer is only 8-12 months 
(13,14). Invasion, metastasis, and recurrence are common 
biological characteristics of lung cancer, and they are also 
the major obstacles hampering therapeutic interventions 
and prognosis.
 Recent studies have implicated TRPC1, TRPC3, 
TRPC4, TRPC6, TRPM7, and TRPM8 as playing a role in 
lung cancer. 
 TRPC1 regulates cell proliferation and migration. 
In non-small cell lung cancer cell lines, siRNA-
mediated TRPC1 depletion inhibits cell proliferation and 
induces G0/G1 cell cycle arrest, resulting in a dramatic 
decrease in cell growth. TRPC1 might mediate these 
processes via epidermal growth factor receptor (EGFR) 
phosphorylation and the activation of EGF-induced 
signaling pathways (15). Jiang et al. found that the 
expression of TRPC1, TRPC3, TRPC4, and TRPC6 
was correlated with the grade of NSCLC differentiation; 
no correlation was observed between TRP channel 
expression and age, sex, smoking history, or cell type. 
The blocking of TRPC channels inhibited A549 cell 
proliferation, while over-expression of TRPCs led to 
increased proliferation. Additionally, all-trans-retinoic 
acid (ATRA) induced the up-regulation of TRPC3, 

2

Figure 1. TRP channels contain six transmembrane segments and a pore-forming loop between S5 and S6.

Table 1. TRP channels involved in cancer proliferation and migration

Cancer

Lung cancer
Breast cancer
Prostate cancer
Ovarian cancer
Gastric cancer 
Liver cancer
Nasopharyngeal cancer
Glioblastoma 
Melanoma 

Positive correlation

TRPC1,C4,C6
TRPC1,C3,C6,V6,M7,M8
TRPM8,V2,V6,M2,C6
TRPC1,C3,C4,C6
TRPC6,M7,V6
TRPC1,C3,C6,M4,M7
TRPM7
TRPC1,C3,C4,C5,C6
TRPM2,M8

Negative correlation

--
--
--
-- 
--
--
--

       TRPV1,V2
       TRPV2,M7

Positive correlation

     TRPC1,M7
     TRPM7,V6
     TRPM8,V1,V2

--
--

     TRPV1,V4
     TRPC1,M7
     TRPV4

-- 

Negative correlation

--
--
--
--
--
--
--
--

           TRPM1

Ref.

15-20
22-31
3,33-46
48-49
53-57
60-64
4,68-70
73-76
78-86

Proliferation Migration
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countries (21).
 TRPC1, TRPC3, TRPC6, TRPM7, TRPM8, and 
TRPV6 expression are correlated with breast cancer. 
Dhennin-Duthille et al. observed high levels of TRPC1, 
TRPC6, TRPM7, TRPM8, and TRPV6 expression in 
human breast ductal adenocarcinoma (hBDA) tissue 
in comparison to adjacent non-tumor tissue. A study 
reported that TRPC1, TRPM7, and TRPM8 expression 
a strongly correlated with the Scarff-Bloom-Richardson 
(SBR) grade, Ki67 proliferation index, and tumor size 
(22). Moreover, the activation of TRPC1 enhanced the 
proliferation of MCF-7 cells, a human breast cancer 
cell line with low metastatic potential, by stimulating 
phosphorylation of extracellular signal-regulated 
kinases 1 and 2 (ERK1/2) and Ca2+ entry (23). 
 Previous studies reported that TRPC3 and TRPC6 
are involved in the control of the growth of polarized 
epithelial cells (24). Recently, TRPC6 was found to be 
expressed and to be the predominant TRPC channel in 
biopsied breast cancer tissue, and TRPC3 appears to be 
significantly up-regulated in breast cancer tissue (25). 
 The level of TRPV6 expression is higher in invasive 
tissue compared to corresponding non-invasive tissue 
and TRPV6 expression has been assessed using laser 
capture microdissection. TRPV6 silencing can inhibit 
MDA-MB-231 migration and invasion in addition to 
MCF-7 cell migration (22). Moreover, limited estrogen 
receptor (ER) signaling reportedly leads to lower levels 
of TRPV6 expression, and the antitumor effect of 
Tamoxifen may be related to the inhibition of TRPV6 
expression (26).

TRPC4, and TRPC6 expression and enhanced Ca2+ 
influx in A549 cells (16). Conversely, Saito et al. suggest 
that TRPC3 expression is related to the progression and 
the clinicopathological characteristics of lung cancer 
(17). The 5-year overall survival (OS) and disease-free 
survival (DFS) rates for patients with higher levels of 
TRPC3 mRNA expression are significantly higher than 
the rates for patients with lower levels of TRPC3 mRNA. 
Higher levels of TRPC3 expression in tumor cells are an 
independent predictor of a better prognosis for patients 
with lung adenocarcinoma.
 In A549 lung cancer cells, the depletion of 
TRPM7 expression via RNA interference inhibited 
cell migration, and TRPM7 is positively correlated 
with EGF expression (18). TRPM8 is the predominant 
thermoceptor for cellular and behavioral responses 
following exposure to cold temperatures (19). This 
thermoceptor has been studied in different contexts, 
including breast adenocarcinoma, lung adenocarcinoma, 
melanoma, and prostate cancer (20).

3.2. TRP channels and breast cancer

Breast cancer is the most frequently diagnosed cancer 
(excluding skin cancers) and has the second highest 
mortality rate of all cancers, following lung cancer, 
in the US. An estimated 39,510 deaths were expected 
to occur in the US in 2012. Notably, the incidence of 
breast cancer has increased in developing countries; 
about half of the new breast cancer cases and 60% of 
breast cancer-associated deaths occur in developing 

Figure 2. TRP channels mediated signal transduction pathways and cellular behaviors. ATRA can stimulate TRPC3, 4, and 6. 
EGF and some TRP channels may interact with each other. Stimulation of Fas receptors could induce TRPM7 to regulate apoptosis 
and may induce the negative control of TRPV2. ER could affect the expression of TRPM8 and TRPV6. AR changes could lead 
to the expression of changes in TRPM8. Ginsenoside Rg3 could block TRPM7 to induce cell death. The up-regulation or down-
regulation of MITF could cause corresponding changes in TRPM1. Some TRP channels may induce cell proliferation, adhesion, 
or migration via ERK1/2, myosin-II, MAPK, RyRs, and unknown signaling pathways while other TRP channels may inhibit those 
processes via pathways such as m-calpain. ATRA, all-trans-retinoic acid; EGF, epidermal growth factor; ER, estrogen receptor; 
MITF, microphthalmia transcription factor; ERK1/2, extracellular signal-regulated kinases 1 and 2; MAPK, mitogenactivated protein 
kinase; RyRs, ryanodine receptors.
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 TRPM7 plays an important role in breast cancer. 
TRPM7 is both an ion channel and a protein kinase 
that is ubiquitously expressed in various tissues; these 
proteins are also called "channels plus enzymes" or 
"chanzymes". Studies have found that the TRPM7 
channel regulates breast cancer cell proliferation, and 
TRPM7 is over-expressed in breast carcinoma tissue 
and is positively correlated with the Ki67 mitosis 
marker (27). Some studies have found that TRPM7 
influences cell adhesion and migration via the regulation 
of myosin-IIA filament stability and that it influences 
protein localization by phosphorylating the heavy 
chain (28). However, one study found that mitogen-
activated protein kinase (MAPK) signaling pathways 
are involved in the TRPM7-mediated migration 
and invasion of MDA-MB-435 breast cancer cells. 
Silencing of TRPM7 caused a significant reduction in 
the migration and invasion potential of MDA-MB-435 
breast cancer cells in addition to a decrease in the levels 
of phosphorylated Src and MAPK (29, 30).
 TRPM8 channels are highly expressed at both 
the mRNA and protein levels in the MCF-7 breast 
cancer cell line. These channels are over-expressed 
in breast adenocarcinomas and are correlated with 
estrogen receptor positive (ER+) tumors according to 
immunohistochemical analysis (31).

3.3. TRP channels and prostate cancer

Prostate cancer is the second leading cause of internal 
malignancy in men worldwide, and approximately 
29,720 men die from the disease each year in the US 
(12). Furthermore, data indicate that prostate cancer 
mortality is increasing in Asia, and particularly in China 
and Japan (32). 
 A number of TRP channels have been implicated 
in prostate cancer, including TRPV1, TRPV2, TRPV6, 
TRPM8, TRPM2, and TRPC6. Among these, TRPV6 
and TRPM8 are the most studied and characterized. 
 The expression of TRPV6 may be a predictor for 
prostate cancer progression because levels of TRPV6 
mRNA and protein are both substantially elevated in 
prostate carcinoma compared to normal tissue or cells. 
Lehen et al. first found that Ca2+ entry via the TRPV6 
channel controls proliferation directly and promotes 
apoptosis resistance in prostate cancer cells (33). 
TRPV6-targeted siRNA has been reported to effectively 
inhibit the transcription of TRPV6 mRNA, inhibit 
the proliferation of human prostate cancer LnCaP 
cells, arrest the LnCaP cell cycle in the G0 and G1 
phases, and induce LnCaP apoptosis (34). Moreover, 
the expression of TRPV6 in lymph node metastases 
and androgen-insensitive tumors is markedly and 
significantly decreased in comparison to untreated 
tumors. Furthermore, TRPV6 expression is significantly 
correlated with the Gleason score, the pathological 
stage, and extraprostatic extensions (35).

 Tsaveler et al. originally identified TRPM8 in 
2001 by screening a prostate cDNA library; the gene 
was described as a novel prostate-specific gene with 
expression that increased during the transformation 
of prostate cancer (20). In normal prostate cells, there 
is a slight level of TRPM8 expression. In prostate 
cancer, however, the expression of TRPM8 increases 
dramatically (36). A similar result has been reported by 
Fuessel et al., who analyzed multiple tumor markers 
in primary prostate cancers via quantitative real-time 
PCR (37). One potential mechanism for the action of 
TRPM8 in prostate carcinoma is through the inhibition 
of the migration of prostate cancer cells by inactivating 
focal adhesion kinase. Furthermore, the over-
expression of TRPM8 is independent of changes in 
the level of androgen receptor (AR) mRNA expression 
(38). Henshall et al. found that the expression of 
TRPM8 decreased markedly following anti-androgen 
therapy. They also showed that TRPM8 expression 
decreased when prostate cancer cells became androgen-
independent, supporting the hypothesis that TRPM8 
is regulated by androgens (39). Indeed, the androgen 
dependence of TRPM8 expression is related to the stage 
of differentiation of prostate epithelial cells. Affymetrix 
gene chip experiments have been conducted to 
determine whether TRPM8 expression was correlated 
with the Gleason grade or the TNM stage. Results 
of those experiments indicated that TRPM8 mRNA 
expression increases with the Gleason score and TNM 
stage (40).
 TRPC6 is also up-regulated in prostate cancer and 
is associated with the histological grade, Gleason score, 
and extra-prostatic cancer extension. However, there is 
no significant difference between androgen-independent 
and androgen-dependent tumors (41). In addition, 
TRPV1 and TRPV2 are up-regulated in patients with 
metastatic cancer (42-44). Levels of TRPM2 mRNA 
are elevated in both prostate cancer tissue and in LnCaP 
and PC3 cell lines (45,46). This suggests that these 
channels could play an important role in the diagnosis 
and treatment of prostate carcinoma.

3.4. TRP channels and ovarian cancer 

Ovarian cancer (OC) is one of the most common 
gynecological cancers. It poses a great challenge because 
it is a heterogeneous, rapidly progressing, and highly 
lethal group of malignancies (47). According to estimates, 
approximately 22,240 women will be diagnosed with OC 
and 14,030 women will die from this disease in 2013 in the 
US (12). The etiology of OC is still poorly understood.
 TRPC1, TRPC3, TRPC4, and TRPC6 channels were 
identified by Western blotting and immunostaining in 
human ovarian adenocarcinoma tissue and in ovarian 
adenocarcinoma-derived SKOV3 cells. In 2009, Yang 
et al. found that the protein expression of TRPC3 
increased markedly in human OC tissue compared to 
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normal ovarian tissue (48). The down-regulation of 
TRPC3 expression in SKOV3 cells led to a reduction in 
proliferation, suppression of epidermal growth factor-
induced Ca2+ influx, dephosphorylation of Cdc2 and 
CaMKIIα, and prolonged M phase progression in these 
cells. Furthermore, decreased expression of TRPC3 
suppressed tumor formation when SKOV3 cells were 
injected into nude mice. A 2013 study by Zeng et al. 
reached similar conclusions with RT-PCR, whole-cell 
patch recording, Western blotting, and immunostaining 
(49). Additionally, they also found that several spliced 
variants of TRPC1, TRPC3, TRPC4, and TRPC6 were 
expressed in ovarian cancer. TRPC channel activity was 
blocked using 2-APB, SKF-96365, or TRPC isoform-
specific functional antibodies or by transfecting cells 
with TRPC siRNAs; blocking of the channel significantly 
inhibited cancer cell proliferation. Furthermore, the level 
of TRPC expression is reportedly correlated with the 
grade of cancer differentiation, and the over-expression 
of TRPC genes could also increase ovarian cancer 
colony growth. An interesting fact is that the expression 
of TRPC genes in undifferentiated human ovarian cancer 
is significantly lower than their level in normal ovarian 
tissue. Further study is required to elucidate the role of 
TRPC channels in ovarian cancer.

3.5. TRP channels and gastric cancer

Gastric cancer continues to be a leading cause of 
cancer death worldwide (50). In East Asia, including 
South Korea, Japan, and China, the morbidity due to 
gastric cancer is the second highest among common 
cancers while and the mortality due to that cancer is 
the third highest among common cancers. In more 
than half of gastric cancer cases, cancer recurs after 
curative surgery, and the median survival time for these 
patients is only 6-9 months (51,52). The prognosis for 
these patients is poor mainly because there are limited 
diagnostic measures for early detection and because of 
the clonal hyperplasia that is characteristic of gastric 
cancer cells. The discovery of TRP channels may 
help to improve the diagnosis and treatment of gastric 
cancer. 
 TRPC6, TRPM7, and TRPV6 are the main TRP 
channels associated with gastric cancer. TRPC6 is not 
only associated with lung cancer, breast cancer, prostate 
cancer, and ovarian cancer as mentioned earlier, but it 
also over-expressed in gastric cancer epithelial cells 
compared to normal gastric epithelial cells. When the 
TRPC6 channel was inhibited with SKF96365, the 
growth of gastric cancer cells was suppressed and 
cells were arrested in the G2/M phase. Cai et al. found 
that the histamine-mediated Ca2+ elevation in MKN45 
human gastric cells was inhibited by SKF96365 and 
DNC6, and that inhibition of TRPC6 suppressed the 
formation of gastric tumors in nude mice (53).
 The activation of TRPM7 is associated with the 

growth and survival of human gastric adenocarcinoma 
cells. Kim et al. examined the expression and potential 
role of TRPM7 channels in the growth and survival 
of AGS cells, the most commonly used line of human 
gastric adenocarcinoma cells (54). Abundant expression 
of TRPM7 messenger RNA and protein were observed 
in AGS gastric cancer cells. Transfection of AGS cells 
with TRPM7 siRNA significantly reduced the expression 
of TRPM7 mRNA and protein levels as well as the 
amplitude of the TRPM7-like currents. Blocking of 
TRPM7 channels with La3+ and 2-APB or suppression 
of TRPM7 expression with siRNA inhibited the growth 
and survival of these cells. Kim et al. later found that 
TRPM7 channels are over-expressed in HEK 293 cells 
undergoing Rg3-induced cell death. Ginsenoside Rg3 
inhibits the growth and survival of gastric cancer cells, 
which occurs due to the blocking of TRPM7 channel 
activity (55,56). 
 Moreover, the up-regulation of TRPV6 levels has 
been observed in gastric cancer cells. Over-expression 
of TRPV6 in normal cells increased capsaicin-induced 
apoptosis, and knockdown of TRPV6 in cancer cells 
suppressed this activity (57).

3.6. TRP channels and liver cancer

Liver cancer (696,000 deaths, 9.2% of all cancer 
deaths) is the third most common cause of cancer death 
after lung cancer (1.38 million, 18.2% of all cancer 
deaths) and gastric cancer (738,000 deaths, 9.7% of all 
cancer deaths) worldwide (58). There are two common 
types of cancer affecting the liver, hepatocellular 
carcinoma (HCC) and liver metastases from colorectal 
cancer (LM-CRC). Liver cancer greatly impacts 
people's health, and this is particularly true in China 
(approximately 350,000 incident cases per year) (59).
 Numerous studies have shown that several TRP 
channels are present in liver cancer tissue, including 
TRPC1, TRPC3, TRPC6, TRPV1, TRPV2, TRPV4, 
TRPM4, and TRPM7.
 TRPC1, TRPC3, TRPC6, TRPM4, and TRPM7 
mRNAs are expressed in both rat hepatocytes and 
in H4-IIE cells (derived from rat liver tumor cells); 
immunofluorescence was used to directly compare 
these cells to hepatocytes isolated from normal rat liver 
(60). TRPC6 is very weakly expressed in hepatocytes 
isolated from healthy patients and is expressed at 
much higher levels in human liver tumor tissue. Over-
expressing TRPC6 or silencing TRPC6 via siRNA 
revealed that increased expression of TRPC6 is 
associated with increased thapsigargin-initiated Ca2+ 
entry and an increased rate of cell proliferation (61).
 TRPV1 and TRPV4 are reported to be involved 
in modulating cell migration (62). In addition, high 
levels of TRPV1 expression have been noted in 
hepatocarcinoma tissue in comparison to normal liver 
tissue. Clinicopathologic examination indicated a 
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significant correlation between TRPV1 expression and 
histopathologic differentiation. Moreover, univariate 
analysis revealed that low levels of TRPV1 expression 
were associated with increased disease-free survival 
(63).
 Quantitative PCR, Western blotting, and immuno-
fluorescence analyses revealed increased levels of 
TRPV2 mRNA and protein expression in moderately 
and well-differentiated human hepatocarcinoma 
tissues compared to poorly differentiated tumors. 
Clinicopathologic assessment suggested a significant 
association between TRPV2 expression and portal vein 
invasion and histopathologic differentiation (64).

3.7. TRP channels and nasopharyngeal carcinoma

Compared to the malignant cancers mentioned earlier, 
nasopharyngeal carcinoma (NPC) is a rare malignancy 
in most parts of the world. However, the incidence of 
NPC is relatively high in Asian countries, and China 
accounts for almost 80% of all NPC cases. An annual 
incidence of more than 20 cases per 100,000 has been 
reported in southern China. Men are twice as likely 
to develop NPC as women (65). NPC is a confusing, 
misdiagnosed, and poorly understood disease. 
Radiotherapy is a primary treatment for nasopharyngeal 
carcinoma and has significantly improved clinical 
outcomes. The median survival time for patients 
receiving radiotherapy is approximately 52 months, and 
the 5-year survival rate is 50-80% (66,67). Although 
many patients with NPC had a good clinical prognosis, 
some still died of recurrence or metastatic disease. 
Furthermore, related risk factors play an important role 
during the development of the tumor type.
 TRPM7 warrants mention when considered the 
relationship between NPC and TRP channels. TRPM7 
is a bifunctional protein consisting of a Ca2+ and Mg2+ 
permeable TRP channel that is fused to a C-terminal 
α-kinase domain, and this channel plays an important 
role in regulating cell adhesion and directional 
migration. A pro-migratory role of TRPM7 was noted in 
NPC cells, in which impaired TRPM7 channel function 
significantly reduced cellular migratory potential. 
Conversely, increased TRPM7 activity promoted 
migration. Moreover, activation of TRPM7 resulted in 
a global increase in [Ca2+]i (intracellular calcium influx) 
due to both Ca2+ entry and calcium-induced calcium 
release (CICR) involving ryanodine receptors (RyRs) 
(68).
 Jiang et al. studied TRPM7 expression in the FaDu 
and SCC25 human head and neck tumor cell lines (69). 
They suggested that activation of the TRPM7 channel 
was critical to the growth and proliferation of human 
head and neck carcinoma cells. Additionally, low levels 
of extracellular Ca2+ induced the TRPM7 current, which 
was inhibited by Gd3+, 2-APB, or intracellular Mg2+.
 Recently, the current authors have provided 

evidence demonstrating that TRPM7 plays a role in 
NPC cell migration by mediating Ca2+ influx. This role 
of TRPM7 in potential migration was examined in 5-8F 
and 6-10B human nasopharyngeal carcinoma cells 
using RT-PCR, Western blotting, immunofluorescence, 
calcium imaging, siRNA silencing, and a transwell 
chamber migration assay. The migratory potential of 
5-8F cells was significantly reduced by the addition 
of an extracellular Ca2+ chelator (EGTA), TRPM7 
inhibitors (La3+ and 2-APB), and TRPM7 knockdown. 
Conversely, addition of a TRPM7 activator (Bradykinin) 
and overexpression of TRPM7 promoted the migration 
of 5-8F and 6-10B cells. Furthermore, the sustained 
Ca2+ influx regulated by TRPM7 activated release of 
Ca2+ stores via RyRs and a calcium-induced mechanism 
of calcium release (4).
 In addition, studies by colleagues have indicated that 
TRPC1 is involved in nasopharyngeal carcinoma cell 
migration. Those researchers used RNAi technology 
or the addition of 2-APB, an inhibitor of the inositol 
1,4,5-trisphosphate (IP3) receptor and store-operated 
Ca2+ channel-mediated Ca2+ entry, to down-regulate 
TRPC1 in CNE2 cells. Down-regulation of TRPC1 
significantly attenuated the adhesive and invasive 
abilities of NPC cells (70).

3.8. TRP channels and glioblastoma

Glioblastoma is the most common malignant primary 
brain tumor, and it accounts for almost 80% of all 
primary brain tumors. Despite advances in surgical 
and adjuvant radiation and chemotherapy strategies, 
glioblastoma continues to be associated with a poor 
prognosis (71). Patients with glioblastoma multiforme 
have a median survival of approximately 12 months. 
Approximately 10,000 new cases are diagnosed each 
year in the US (72). 
 Only two factors have thus far been shown to 
conclusively affect glioma risk: exposure to high 
doses of ionizing radiation and inherited mutations in 
highly penetrant genes associated with rare syndromes. 
Therefore, additional factors that correlate with 
glioblastoma occurrence and development should be 
studied (71).
 Different studies have suggested that TRP channels 
(e.g., TRPC1, TRPC3, TRPC4, TRPC5, TRPC6, 
TRPV1, TRPV2, TRPV4, TRPM2, and TRPM8) are 
likely to play a role in glioma progression, growth and/
or invasion.
 The TRPC1 channel is associated with lipid rafts 
and is essential for glioma chemotaxis in response 
to stimuli such as epidermal growth factor (EGF). 
Gliomas are attracted to EGF in a chemotactic manner. 
Stimulation with EGF results in TRPC1 channel 
localization at the leading edge of migrating D54MG 
glioma cells. Chemotaxis toward EGF was lost when 
TRPC channels were pharmacologically inhibited or 
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knocked down with TRPC1-specific shRNA (73).
 The TRPC6 channel is involved in the growth of 
glioblastoma. Some studies suggest that TRPC6 is more 
abundant at both the protein and mRNA levels in human 
glioma tissue. The increased expression of TRPC6 is 
also associated with the grade of glioma malignancy. 
Inhibition of TRPC6 activity or decreased expression of 
the channel led to an increase in intracellular Ca2+ via 
platelet-derived growth factor, which suppressed cell 
growth and clonogenic ability and induced cell cycle 
arrest in the G2/M phase (74).
 Moreover, TRPV1 has been implicated in the 
capsaicin-induced apoptosis of glioma cells. TRPV2 
negatively controls glioma cell survival and proliferation 
and protects the cells from Fas-induced apoptosis in an 
ERK-dependent manner (75,76).

3.9. TRP channels and melanoma

Among skin diseases, malignant melanoma is the 
leading cause of death and accounts for approximately 
75% of deaths attributed to skin disease due to its 
propensity to metastasize. Localized melanoma is 
curable by surgical techniques and immunotherapy, 
whereas there are limited therapeutic options for 
metastatic melanoma or melanoma with metastatic 
potential. Once diagnosed with metastatic melanoma, 
most patients will die from the disease within 2 
years (77). Moreover, current diagnostic methods are 
limited in their ability to diagnose early disease and 
to accurately predict an individual’s risk of disease 
progression and outcome (78). Thus, melanoma 
diagnosis and therapy are great clinical challenges. 
 TRPM1 (also called melastatin) is known to be 
involved in melanoma, and TRPM2, TRPM7, TRPM8 
(also known as Trp-p8), and TRPV2 also play a role. 
TRPM1 was first discovered by differential display 
analysis in the B-16 mouse melanoma cell line. The 
gene is steadily lost during the progression of primary 
cutaneous and vertical growth phase melanomas (79). 
Many studies suggest that the TRPM1 gene is a tumor 
suppressor. TRPM1 mRNA is partially absent or 
completely absent in approximately 80% of invasive 
primary melanomas (78). 
 In their study involving murine cell lines, Duncan 
et al. reported that TRPM1 was expressed at high levels 
in poorly metastatic variants of the B16-F1 melanoma 
cell line and expressed at very low levels in the highly 
metastatic B16-F10 melanoma cell line (80). 
 In similar human melanomas experiments, Deeds 
et al. examined TRPM1 mRNA expression in nevi, 
primary melanoma, and melanoma metastases. They 
found high levels of TRPM1 mRNA in melanocytic 
nevi, but radioactive in situ hybridization was unable 
to detect levels of TRPM1 mRNA in melanoma 
metastases (81). Decreased expression of TRPM1 
has been shown to correlate with the melanoma cell 

transition from a low to a high metastatic phenotype 
(80). Moreover, TRPM1 mRNA is reported to correlate 
with patient prognosis. Patients with American 
Joint Committee on Cancer stage I tumors diffusely 
expressing TRPM1 mRNA have an 8-year disease-free 
survival rate of 100% while patients with stage I tumors 
with no TRPM1 expression have an 8-year disease-
free survival rate of 77 ± 15%. Furthermore, patients 
with stage II disease in which tumors diffusely express 
TRPM1 mRNA have an 8-year disease-free survival 
rate of 90 ± 7% while patients with stage II disease 
with no TRPM1 expression have an 8-year disease-free 
survival rate of 51 ± 8% (82). Some studies suggest 
that TRPM1 transcription is regulated by the binding 
of microphthalmia transcription factor (MITF), which 
is an essential transcription factor for the development 
of melanoma. Levels of MITF and TRPM1 mRNA 
are high in several human melanoma cell lines. 
Endogenous TRPM1 expression may be regulated by 
MITF up- or down-regulation, and TRPM1 promoter-
driven reporters yielded similar patterns (83).
 The TRPM8 channel is expressed in the G-361 
human melanoma cell line, and the channel is activated 
by menthol, a naturally occurring ligand for TRPM8. 
Menthol-induced activation caused prolonged increases 
in both the intracellular Ca2+ concentration and the 
amplitude of the current in melanoma cells. The 
most interesting finding is that exposure to menthol 
drastically reduced the survival of melanoma cells (84). 
TRPV2 mRNA is found in benign astrocyte tissues, and 
its expression progressively decreased in high-grade 
glioma tissues as the histological grade increased (76). 
 Moreover, TRPM2 is cited as a factor that can 
induce melanoma apoptosis and necrosis, while 
TRPM7 is regarded as a protector and detoxifier in both 
melanocyte physiology and in melanoma cells (85,86).

3.10. TRP channels and other cancers

Several TRP channels have been identified in other 
cancers. For example, TRPC6 has been observed in 
esophageal carcinomas, and TRPM7 and TRPM8 have 
been identified in pancreatic adenocarcinoma (PDAC). 
TRPV1, TRPV3, and TRPV6 have been noted in colon 
cancer, and TRPC1, TRPC4, TRPC6, and TRPC7 have 
been observed in renal cell carcinoma.

4. Conclusion

In summary, cancer continues to be a public health 
problem worldwide. Different TRP channels exist in 
normal tissues and tumors, and some play important 
roles in the processes of tumorigenesis, migration, and 
metastasis. Differences in expression of TRP channels 
may provide a new basis for tumor diagnosis and might 
be a new target for cancer therapy. Tumor treatment 
may become more diverse and more accurate. Although 
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many studies have examined TRP channels and cancer, 
this area of research is still in its infancy. Current data 
are not sufficient to ascertain the specific action of TRP 
since there are no highly selective inhibitors or agonists 
of TRP. Not all TRP channels have been investigated, 
and most of the completed research is still inadequate. 
An inspiring fact is that associations between TRP 
proteins and various cancers are still being discovered 
thanks to rapid advances in molecular biology, genetics, 
and other disciplines. TRP channels may play an 
important role in the diagnosis and targeted treatment 
of tumors.
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1. Introduction

Rectal cancer is one of the leading causes of cancer 
related deaths in the world (1). Over the last two 
decades, advances in new treatment strategies 
have contributed significantly to the improvement 
of the outcome of patients with locally advanced 
rectal cancer (LARC). Compared with postopertive 
chemoradiotherapy (CRT), preoperative CRT (pre-CRT) 
reduced toxicity, improved local recurrence control and 
disease free survival (2,3). For the true benefits, pre-
CRT combined with surgery has been implemented 
as a standard treatment strategy for patients with 
LARC (3,4). The pathological complete response 
(pCR) is associated with a high 5-year overall survival 

rate and disease-free survival (DFS) rate (5-7), but 
there is a wide spectrum of responses to preoperative 
CRT, ranging from none to complete. The variety of 
tumor responses increased the need to find a useful 
predictive model for the response to preoperative CRT, 
which may be helpful in the design of individualized 
treatment for rectal cancer and allow an early surgery 
in nonresponders. In this review, we will discuss the 
current predictive models of the response to pre-CRT in 
patients with LARC.

2. Functional or molecular imaging techniques

2.1. Magnetic resonance imaging (MRI)

With the advancement of MRI techniques, recent 
studies are no longer only reliant on staging rectal 
cancer patients, but also on prognostic and predictive 
functions (8,9). Diffusion-weighted MRI (DW-MRI) 
provides information about microscopic structures 
through the detection of water proton mobility in 
biologic tissues (9,11). In DW-MRI, the apparent 
diffusion coefficient (ADC) provides a tool for absolute 

Review

Summary Preoperative chemoradiotherapy (CRT) combined with surgery has become a standard 
treatment strategy for patients with locally advanced rectal cancer (LARC). The 
pathological response is an important prognostic factor for LARC. The variety of tumor 
responses has increased the need to find a useful predictive model for the response to 
CRT to identify patients who will really benefit from this multimodal treatment. Magnetic 
resonance imaging (MRI), positron emission tomography-computed tomography (PET-
CT), serum carcinoembryogenic antigen (CEA), molecular biomarkers analyzed by 
immunohistochemistry and gene expression profiling are the most used predictive models 
in LARC. The majority of predictors have yielded encouraging results, but there is still 
controversy. Diffusion-weighted MRI may be the best model to detect the dynamic changes 
of rectal cancer and predict the response at an early stage. Gene expression profiling 
and single nucleotide polymorphisms hold considerable promise to unveil the underlying 
complex genetics of response to CRT. Because each parameter has its own inherent 
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quantitative image analysis. The ADC is related to 
tissue cellularity, tissue organization, extracellular space 
tortuosity, tumor proliferation, tumor grade, and tumor 
necrosis (9-11). With respect to ADC as a quantitative 
biomarker in rectal cancer, several investigations 
have reported promising results for the prediction and 
monitoring of therapeutic responses (10-18) (Table 1). 
 Concerning the pre-CRT ADC value (ADC-pre) as 
a predictor for response, Sun et al. observed that the 
mean ADC-pre value in the T-downstaged group was 
lower than that in the T-non-downstaged group (p = 
0.013) (10). Based on the tumor regression grade (TRG), 
ADC-pre showed a positive predictive value of 42% for 
pCR and 67% for a good response (GR, pCR, and near-
pCR) (11). Lambrecht et al. confirmed a low ADC-pre 
value was significantly correlated with pCR yielding 
a sensitivity of 100% and specificity of 86% (12). 
In a recent study, ADC for predicting response was 
confirmed using the area under the receiver-operating 
characteristic (ROC) curve analysis with a sensitivity of 
75% and specificity of 48% (13). Despite the promising 
results, there is no consensus whether low ADC-pre 
value should be used as a predictor for response to 
CRT because in some studies the ADC-pre value could 

not reliably discriminate CR from non-CR (14,15). 
Therefore, relying on ADC-pre seems to be insufficient 
to select in advance poor responders who might need to 
undergo early surgery. 
 Regarding the post-CRT ADC value (ADC-post) 
as a predictor for response, several studies showed 
that it could differentiate patients with pCR from 
those without (14,15,17). Moreover ADC-post value 
measurements are reliable and reproducible (17). 
It might be used as a non-invasive tool to evaluate 
response to CRT as an ADC-post value presenting good 
performance to select good responders.
	 The	percentage	change	 in	 the	ADC	(ΔADC)	was	
also a useful predictor for pCR. Sun et al. observed that 
the	ΔADC	was	significantly	higher	in	the	T-downstaged	
group than that in the nondownstaged group (p < 0.001) 
(10). An increase of ADC had a high positive predictive 
value for pCR (11,15). During treatment, the mean 
percentage of ADC increase was significantly greater 
in the responders than nonresponders (p < 0.0001) and 
a > 23% ADC increase had a negative predictive value 
of 96.3% for TRG4 (18). For dynamic observation 
∆ADC	during	(ΔADC-during)	and	after	CRT	(ΔADC-
post) showed a significantly higher value in patients 
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Table 1. Recent studies of ADC as a predictor for response to CRT of patients with LARC

Ref.

Sun et al. (10)

Intven et al. (11)

Lambrecht et al. (12)

Barbaro et al. (13)

Kim et al. (14)

Genovesi et al. (15)

Kim et al. (16)

Monguzzi et al. (17)

Elmi et al. (18)

No. 

37

59

20

49

76

28

40

31

62

Conclusion

Early increase of mean ADC and low mean ADC-pre 
correlate with good response to CRT.

Low	ADC-pre	and	high	ΔADC	correspond	to	pCR.

ADC-pre,	ΔADC-during,	 and	ΔADC-post	may	
be useful for prediction and early assessment of 
pathologic response to pre-RCT, with higher accuracy 
than volumetric measurements.

Low ADC-pre may be an early biomarker for 
predicting treatment response.

ADC-post alone can reliably differentiate pCR from 
non-pCR. 

The mean % ADC increase appears to be a reliable 
tool to differentiate CR from non-CR.

The mean ADC-post value of the CR group was 
significantly higher than that of the non-CR group.

Post-CRT ADC measurements are reliable and 
reproducible to evaluate response to therapy.

Low ADC-pre was correlated with TRG 4, the 
increase in ADC was greater in the responders.

ADC:	apparent	diffusion	coefficient;	CRT:	chemoradiotherapy;	LARC:	locally	advanced	rectal	cancer;	pCR:	pathological	complete	response;	
ADC-pre:	pre-CRT	ADC	values;	ADC-post:	post-CRT	ADC;ΔADC	:change	in	the	ADC;ΔV-during:	volume	reduction	during	CRT;	ΔV-post:	
volume	reduction	after	CRT.	ADC%	=	(ADC-post−ADC-pre)/ADC-pre×100%.

Parameters

ADC-pre
ADCchange

ADC-pre
ΔADC

ADC-pre
ΔADC-during
ΔADC-post
ΔV-during
ΔV-post

ADC-pre

ADC-pre
ADC-post
ADCchange

ADC-pre
ADC-post
% ADC 

Mean ADC-post

ADC-post

ADC-pre
ΔADC

  Cut-off value 
		(×	10-3 mm2/s)

          1.07 
          23%

          0.97
          41%

    0.94 ± 0.12
       72 ± 14% 
       88 ± 35%
     -62 ± 16%
     -86 ± 12%

         0.833

    0.85 ± 0.10
    1.43 ± 0.10 
    70.0 ± 23.5%

    1.01 ± 0.061
    1.79 ± 0.51
       29.5%

  1.62 +/- 0.36

         1.294

         < 1.0
         > 23%

p value

   0.013
< 0.0001

   0.003
   0.0006
   0.0011
   0.015
   0.012

   0.409
< 0.0001
< 0.0001

   0.33
   0.003
   0.001

< 0.0001

 AUC of
   0.833

   0.0011
< 0.001
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2.2. Positron emission tomography-computed tomography 
(PET-CT)

PET-CT has become increasingly used for staging and 
evaluating therapeutic response in oncology (20). Over 
the past decades, lots of studies have implemented PET-
CT	to	assess	 the	response	 to	CRT	in	LARC.	Various	
PET-CT parameters have been investigated: mean 
standardized	uptake	value	(SUVmean),	maximum	SUV	
(SUVmax),	ΔSUVmax	 (SUVmax-pre	 –	SUVmax-
post),	 response	 index	[RI,	 (SUVpre –	SUVpost)/SUVpre), 
metabolic	 tumor	volume	(MTV),	ΔMTV%	(MTVpre	–	
MTVpost)/MTVpre,	visual	 response	assessment	(VRA),	
and	total	 lesion	glycolysis	(TLG,	SUVmean	×	MTV)	
(Table 2) (19-32). These studies were able to establish a 
correlation between PET-CT results and CRT response 
(22-30). Most studies used several parameters but 
found just one or two parameters correlated with 
CRT response (21-27). Kim et al.	 used	SUVmax-
pre,	SUVmax-post,	ΔSUVmax	and	RI	to	assess	tumor	
response. Univariate and multivariate analysis revealed 

with pCR than those without, yielding a sensitivity 
and	 specificity	of	100%	for	 the	ΔADC-during	 and,	
respectively,	100%	and	93%	for	the	ΔADC-post	(12).
 With its great development, MRI has potential 
to assess and predict the response to pre-CRT. First, 
most studies provided promising results to confirm the 
predictive value with high sensitivity and specificity. 
Second, tumors appear hypointense on ADC maps 
for the diffusion restriction of proton motion which 
can help differentiate tumorous lesions from non-
tumorous lesions such as radiation-induced fibrosis and 
inflammation. Furthermore, MRI is known to enable 
the most accurate and useful assessment of tumor (T) 
staging before CRT (19). So it is convenient to acquire 
an ADC value. Despite some inconsistent results, ADC 
values hold great potentiality to be a useful predictor 
for response. However, all previous studies suffer the 
same issue that the sample size was too small and 
lack of standardization in ADC acquisition. Therefore, 
before ADC can be used as a predictor clinically, large 
cohort studies are needed.

Table 2. Recent studies of SUV as a predictor for response to CRT of patients with LARC

Ref.

Amthauer et al. (21)

Hur et al. (22)

Shanmugan et al. ( 23)

Melton et al. (24)

Capirci et al. (25)

Martoni et al. (26)

Chennupati et al. (27)

Kim et al. (28)

Maffione et al. (29)

Everaert et al. (32)

No. 

  22

  37

  70

  21

  87

  80

  35

151

  69

  45

Conclusion

ΔSUVmax	was	significantly	greater	 in	 responders	
than in non-responders.

SUV-post	and	RR	were	significantly	associated	with	
pathological treatment response, especially in pCR.

SUVpost	and	%SUV	decrease	correlate	with	pCR.

Tumor downstaging and CR are associated with 
greater RI.

RI seems the best predictor to identify CRT response.

SUVmax-post	supplies	limited	predictive	information.

SUVmax,	MTV	and	ΔMTV	are	not	correlated	with	
TRG.

SUVmax-post	independently	predicts	pCR.

SUVmax	 ,MTV	and	TLG	after	CRT,	RI,	ΔMTV%	
and	ΔTLG%	parameters	were	significantly	correlated	
with	pathological	 treatment	 response.	SUVmax-
post demonstrated the highest AUC, sensitivity and 
specificity.

%ΔSUVmax	 and	%ΔSUVmean	 correlate	with	
histopathologic response. 

SUV:	standardized	uptake	value;	CRT:	chemoradiotherapy;	LARC:	 locally	advanced	rectal	cancer;	pCR:	pathological	complete	response;	
SUVmean:	mean	SUV;	SUVmax:	maximum	SUV;	SUVmean-post:	SUVmean	of	post	CRT;	SUVmax-post:	SUVmean	of	post	CRT;	ΔSUVmax:	
SUVmax-pre-SUVmax-post;	RI:	response	 index	(SUVpre	–	SUVpost)/SUVpre);	MTV:	metabolic	 tumor	volume;	ΔMTV%(	MTVpre	–	MTVpost)/
MTVpre;	TLG:	total	 lesion	glycolysis	(SUVmean	×	MTV);	VRA:	visual	response	assessment;%ΔSUVmax:	the	percentage	differences	(%Δ)	
between	SUVmax-pre	and	SUVmax-post;	%ΔSUVmean:	the	percentage	differences	(%Δ)	between	SUVmax-pre	and	SUVmax-post.

Parameters

ΔSUVmax

SUVmean-post

SUVmax-post
SUV	decrease

ΔSUV

RI

SUVmax-post
RI

ΔSUVmax

SUVmax-post

SUVmax-post
MTVpost
TLGpost
RI
ΔMTV%
ΔTLG
VRA

%ΔSUVmax
%ΔSUVmean

Sensitivity
     (%)

93%

84.6

58
60

86

84.5

88
94

93

73.7

85.7
65.3
85.7
83.7
69.4
69.4
86

90
80

Cut-off 
 value

36%

3.35

4.0
63%

75%

65%

5.0
66%

64%

3.55

5.1
2.1 cm3

23.4 cm3

61.8%
81.4%
94.2%

39%
24.5%

Specificity
     (%)

100%

79.2

78
84

85

80

34
31

19

63.7

80
80
75
70
80
80
55

60
72
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SUVmax-post	was	a	significant	 factor	 for	prediction	
of downstaging and pCR (28). Maffione et al. used 
8	parameters	 to	 predict	TRG	and	 found	SUVmax,	
MTV,	TLG-post,	RI,	ΔMTV%,	 and	ΔTLG%	were	
significantly correlated with pathological treatment 
response (p	 <	 0.01)	while	 SUVmax-post	 had	 the	
highest sensitivity in predicting TRG (29).	SUVmax	
is the most commonly studied metabolic parameter 
for semiquantitative analysis of glucose metabolism 
with	PET-CT.	However,	SUV	can	be	influenced	by	the	
nuclear medicine physicians and acquisition protocols, 
the reproducibility was poorer than those of RI and 
the percentage differences. Two studies revealed the 
mean RI was significantly higher in responders than in 
nonresponders and concluded that RI may be best for 
assessing the CRT response (25,27). A meta-analysis 
derived a threshold for RI of 36-52% for predicting 
response to CRT with a sensitivity and specificity of 
86% and 80%, respectively. In the subgroup analysis, 
the accuracy of the group that underwent PET during 
therapy (sensitivity 86% and specificity 80%) was 
statistically higher than that acquired after completion 
of the therapy (sensitivity 78% and specificity 62%) 
(31). Everaert et al. investigated the potential value of 
sequential PET in assessing the response to radiation 
therapy (RT). The percentage differences between 
pre-	and	post-RT	scans	 in	SUVmax	 (%ΔSUVmax),	
SUVmean	(%ΔSUVmax),	%ΔMV,	and	total	glycolytic	
volume	 (%ΔtGV)	 were	 calculated.	 Significant	
differences	 in	%ΔSUVmax	and	%ΔSUVmean	were	
observed between responders and nonresponders (32). 
However, it remains to be investigated whether these 

results obtained from patients treated with preoperative 
RT can be extrapolated to CRT.
 Over the past decades lots of PET-CT parameters 
have been implemented to assess the CRT response in 
LARC. RI might be the best parameter for response 
assessment, especially acquired during therapy (25-27). 
The	percentage	differences	 in	SUV	between	pre-	and	
post-CRT,	especially	%ΔSUVmean,	can	be	considered	
as valuable markers and worth further study (32). 
However, it cannot meet clinical use because of its own 
limitations. First, up to now the results of the predicting 
value of PET-CT are still not uniform. Second, PET-CT 
scans were not successful in determining nodal status 
(24). Third, PET-CT has difficulty in distinguishing 
between residual cancer and intraluminal or physiologic 
mucosal activity uptake (30). Fourth, the specificity of 
predictive value is too low to justify modification of the 
standard treatment protocol for an individual patient.

3. Serum carcinoembryonic antigen (CEA)

Carcinoembryonic antigen (CEA) is the most widely 
used tumor marker in patients with rectal cancer. 
Compared with other potential predictive markers, 
measurement of serum CEA levels are inexpensive, 
standardized, widely used and easily performed (33). 
In recent years, many studies have focused on the 
predictive value of CEA levels in patients with rectal 
cancer receiving pre-CRT (Table 3) (34-40). Most 
studies showed low pre-CRT CEA (CEA-pre) levels 
with different cut-off values associated with good tumor 
response or pCR (34-36), but concerning the CEA-pre 

Table 3. Recent studies of CEA as a predictor for response to CRT of patients with LARC

Ref.

Park et al. (34)

Wallin et al. (35)

Lee et al. (36)

Perez et al. (37)

Jang et al. (38)

Yang et al. (39)

No. 

352

469

345

170

109

138

Conclusion

CEA-pre levels could be of clinical value as a 
predictor of response to pre- CRT.

Low CEA-pre was significantly associated with 
pCR.

CEA-pre was found to be significant for prediction 
of pCR.

Low CEA-pre level was associated with an increased 
rate of complete clinical response but not with pCR.

There was no correlation between reduction in CEA 
and CR.

CEA-post was an independent predictor of good 
tumor regression.

CEA-post < 2.61ng/mL predicted pCR (sensitivity 
76.0%;	specificity	58.4%),	CEA	ratio	predicted	pCR	
(sensitivity 87.5%, specificity 76.7%) for those with 
CEA-pre	≥	6	ng/mL.

CEA:	Carcinoembryonic	antigen;	CRT:	chemoradiotherapy	;	LARC:	locally	advanced	rectal	cancer;	pCR:	pathological	complete	response;	CEA-
pre:	pretreatment	CEA	(CEA-pre)	level;	CEA-post:	post-CRT	CEA	level;	CEA	ratio:	CEA-post	divided	by	CEA-pre;	CEA	–reduction:	CEA-pre-	
CEA-post.

Parameters

CEA-pre

CEA-pre

CEA-pre

CEA-post
CEA-pre

CEA-reduction

CEA-post

CEA-post
CEA-ratio

Cut-off value 

3 ng/mL

3.4 ng/mL

5 ng/mL

5 ng/mL

5 ng/mL

2.7 ng/mL

2.61 ng/mLl
0.22

p value

< 0.001

0.008

0.002

0.009 (clinical CR)
0.05 (pCR)

0.015 (clinical CR)
0.06 (pCR)

0.001
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predictive values, the results were controversial. Perez 
et al.	didn′t	find	a	correlation	between	initial	CEA-pre	
level and pCR (37).
 Recent studies confirmed the predictive value of 
post-CRT CEA (CEA-post) levels for response to 
CRT (37-39). Perez et al. reported that a CEA-post 
level < 5 ng/mL was associated with increased rates of 
clinical CR and pCR (37). CEA-post with a different 
cut-off value of 2.7 ng/mL was also proved to be an 
independent predictor of good tumor regression (p = 
0.001) (38). In a recent study, CEA-post < 2.61 ng/mL 
also showed a strong predictive value for pCR with a 
sensitivity of 76.0% and specificity of 58.4% in patients 
with a low CEA-pre level or in patients with a high 
CEA-pre level but normalized CEA-post levels (39).
 CEA-change as a predictor was first evaluated 
in a retrospective study, they found patients with a 
lower CEA-pre level or higher CEA-pre level but 
CEA	reduction	ratio	≥	70%	would	have	a	better	5-year	
DFS. However, it was unknown whether this ratio was 
related to pCR or not (40). To make sure that the CEA 
ratio (defined as CEA-post divided by CEA-pre) could 
be used as a predictor for pCR, Yang et al. found that 
when	CEA-pre	levels	≥	6	ng/mL,	the	CEA	ratio	was	a	
significant predictor for pCR, and the optimal cutoff 
value of CEA ratio was 0.22 with a sensitivity of 87.5% 
and specificity of 76.7% (39).
 Compared with other potential prognostic and 
predictive markers, measurement of serum CEA levels 
is inexpensive, widely used and easily performed. There 
is controversy if CEA-pre could be a predictive marker 
for pCR or not (34-39). CEA change groups were 
relevant to pCR, but may not be significant enough 
(37,38). CEA-post was an independent predictor for 
response to CRT (37-39), but different studies used 
different cut-off values and most studies did not 
mention the sensitivity and specificity of CEA-post as a 
predictor for CRT response.

4. Molecular markers

Many molecular markers were assessed for response 
prediction to CRT by immunohistochemistry (IHC) 
or direct gene sequencing analysis. Recent studies are 
listed in Table 4.

4.1. p53 

Several studies assessed the ability of p53 status to 
predict response to CRT (41-45). Of these, some 
studies found that p53 could significantly predict 
response (43-45). In contrast, with similar sample 
size and pathological endpoints, some studies found 
no association between over-expression of the p53 
protein and treatment response (41,45). Interestingly, 
one study found p53 genotype but not a p53 IHC 
result could predict response to preoperative short-

term radiotherapy in rectal cancer (42). A meta-
analysis found the wild-type p53 gene was significantly 
associated with complete response (p = 0.003), and 
low expression of p53 protein was not significantly 
associated with complete response (p = 0.124) (46). 
Due to inconsistencies in different studies, p53 still 
cannot be considered a reliable predictor for treatment 
modalities.

4.2. p21

P21 protein has been studied as a response predictor 
because of the disruption of regulatory networks, in 
particular those involved in cell death signaling, which 
may be a causative factor of resistance to radiotherapy 
(44). Rau et al. reported that lower p21 expression 
in pre-treatment biopsies was correlated with poor 
response (47). Another study found p21 and apoptosis 
together with histologic changes on biopsy specimens 
obtained 7 days after starting CRT were strong 
predictors for response to CRT (48). 

4.3. K-ras

K-ras plays an important role in colorectal carcinogenesis. 
Luna-Perez et al. analyzed codons 12, 13, and 61 of K-ras 
and found that tumors with wild-type K-ras were more 
likely to be responsive than tumors with mutant K-ras 
(49). In contrast, in two retrospective studies the K-ras 
mutation status was not found to be correlated with 
response or TRG (50,51).

4.4. Epidermal growth factor receptor (EGFR) and 
vascular endothelial growth factor (VEGF)

EGFR expression is an indicator of poor response 
to CRT in LARC (52). Kim et al. found a low level 
of EGFR expression may be a significant predictive 
molecular marker for increased tumor downstaging 
after CRT (53). Opposite to the former studies, Zlobec 
et al. found EGFR-positive tumors were six times 
more likely to undergo pCR compared with EGFR-
negative cases (54). The conflicting results among 
different studies might be due to IHC methodological 
differences and heterogeneity of EGFR expression. 
Those shortcomings may be overcome by gene 
polymorphism. The most common single nucleotide 
polymorphism is Sp1 -216 G/T polymorphism in the 
EGFR promoter region. Evaluating for EGFR Sp1 -216 
G/T polymorphism from blood samples and EGFR 
expression on primary tumor biopsies simultaneously, 
the major response rate in patients with Sp1 -216 
T containing variants is significantly higher in Sp1 
-216 GG homozygote patients, but in regard to EGFR 
expression by IHC no correlation was observed with 
response rates (55).	Low	VEGF	expression	levels	also	
indicated a good pathological response (56). Zlobec et 
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Table 4. Recent studies of biomarkers as a predictor for response to CRT of patients with LARC

Ref.

Rebischung et al. (41)

Kandioler et al. (42)

Komuro et al. (43)

Fu et al. (44)

Huh et al. (45)

Chen et al. (46)

Rau et al. (47)

Suzuki et al. (48)

Luna-Perez et al. (49)

Bengala et al. (50)

Gaedcke et al. (51)

Kim et al. (53)

Zlobec et al. (54)

Spindler et al. (55)

Kurt et al. (56)

Saigusa et al. (57)

Hiroishi et al. (58)

Shinto et al. (59)

Sprenger et al. (60)

Vaupel	et al. (61)

Havelund et al. (62)

No. 

86

64

111

49

123

1830

66

101

37

146

94

183

104

77

29

50

50

96

126

86

50

Conclusion

P53 status is an independent prognostic factor of 
response to radiotherapy.

P53 genotype but not p53 immunohistochemistry is 
predictive for response to preoperative short-term 
radiotherapy.

There was a significant correlation between the 
expression pattern of p53 and tumor radiosensitivity.

The majority of p53(-) or p21(+) tumors were 
radiosensitive.

Only CD44 expression was found to be significant 
independent predictive factors for tumor regression 
grade response.

Wild-type p53 gene was significantly associated with 
CR.
Low expression of p53 protein was not significantly 
associated with CR.

Lower p21 expression in pre-treatment biopsies 
correlated to poor response.

P21 with tumor regression
P21 and apoptosis together obtained 7 days after 
starting CRT are strong predictors of the response to 
CRT.

K-ras mutations is an indicator of tumor response

Neither EGFR nor K-ras status was statistically 
correlated to TRG

The presence of K-ras mutations was not correlated 
neither with tumor response.

The significant predictive factor for increased tumor 
downstaging was a low level of EGFR expression

Loss	of	VEGF	and	positive	EGFR	are	an	independent	
predictor for pCR.

EGFR Sp1-216G/T polymorphism are potential 
markers for response to CRT.

VEGF	level	was	higher	in	the	non-pCR	group	than	the	
pCR group.

The ratio of histopathological responder in cases with 
CD133 expression was significantly lower than that 
without it.

CD133 was significantly associated respectively with 
sensitivity to pre-operative CRT.

Positivity for CD133 expression was associated with 
chemoradioresistance on univariate and multivariate 
analyses.

Increased fraction of CD133-expressing cells 
after preoperative CRT was associated with lower 
histopathologic tumor regression.

HIF-1α	and	GLUT-1	expression	had	no	predictive	
impact regarding response measured by TRG.

There were no significant differences between the 
HIF-1α-positive	group	and	HIF-1α-negative	group	for	
pathological grading and pCR.

CRT:	 chemoradiotherapy;	LARC:	 locally	 advanced	 rectal	 cancer;	 pCR:	pathological	 complete	 response;	GE:gene	 expression;IHC:	
immunohistochemistry;	PCR:	polymerase	chain	reaction	.TRG:	tumor	regession	grade;	EGFR:	Epidermal	growth	factor	receptor;	VEGF:	vascular	
endothelial	growth	factor;	SNP:	single	nucleotide	polymorphisms;	HIF-1α:hypoxia-inducible	factor	1α	;	GLUT-1:glucose	transporter-1

Biomarker

p53

p53

p53

p53
p21

13 markers 

p53

p53, p21, Ki67

p21,
apopstosis

K-ras

K-ras
EGFR

K-ras

EGFR

EGFR
VEGF

EGFR

Several markers
including	VEGF

CD133

12 biomarkers
including CD133

CD133

CD133

HIF-1α,	GLUT-1

HIF-1α

Analysis
methods

GE

GE
IHC

IHC

IHC
IHC

PCR

meta-analysis

PCR

IHC

GE

GE

GE

IHC

IHC

IHC
SNP

IHC

IHC

IHC

IHC

IHC

IHC

IHC

p value

< 0.01

   0.045

   0.01

   0.03

   0.003
   0.124

   0.04
< 0.01

> 0.05

   0.012

   0.01
   0.009

> 0.05
   0.023

   0.05

< 0.05

   0.003

   0.002 (uni)
   0.003 (multi)

< 0.01
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al.	applied	ROC	curve	derived	cut-off	scores	to	VEGF	
and	confirmed	VEGF	negative	tumors	were	four	times	
more likely to undergo complete tumor regression (54). 
Despite	different	 results,	EGFR	or	VEGF,	especially	
EGFR Sp1-216G/T polymorphism are potential new 
markers for assessing response to CRT in LARC. 

4.5. Cancer stem cell markers

CD133, CD44, and CD24 have been described as cancer 
stem cell markers. Several studies confirmed elevated 
CD133 expression was associated with resistance to 
CRT in LARC (57-60). The status of CD24 was also 
found to be significantly associated with response to 
CRT (p = 0.029) (58). Huh et al. revealed that among 13 
molecular markers, only elevated CD44 mRNA levels 
in pretreatment biopsies might be predictive of poor 
tumor regression and CD133 level had no significant 
correlation with the response to CRT (45).

4.6. Markers of tumor hypoxia

Tumor hypoxia can lead to resistance to radiation and 
chemotherapy by depriving cells of oxygen essential for 
the cytotoxic activities of these agents (61). Hypoxia-
inducible	factor	1α	(HIF-1α)	and	glucose	transporter-1	
(GLUT-1) are intrinsic markers of tumor hypoxia. It has 
been	considered	 that	HIF-1α	and	GLUT-1	expression	
may be predictors for poor response. Different from the 
hypothesis,	 the	HIF-1α	and	GLUT-1	expressions	had	
no predictive value regarding response to CRT based on 
TRG in a study carried by Havelund et al. (62). Shioya 
et al.	detected	HIF-1α	expression	in	42.0%	of	samples	
but found no significant correlation between the HIF-
1α-expression	and	pathological	response	(63).

 Among molecular markers based on tumor tissues, 
the vast majority of studies have assessed single or 

multiple markers. A limited number of promising 
markers have been identified, including p53, p21, 
EGFR,	VEGF,	CD133,	HIF-1α	 and	 so	 forth.	The	
majority of markers assessed, however, have yielded 
disappointing results. No specific molecular marker 
has yet been proven to be a definitive predictor of 
the response to CRT. The failure of IHC methods as 
a means of biomarker discovery is that this assesses 
small numbers of pre-defined protein markers per tissue 
section.

5. Gene expression profiling

Instead of focusing on specific factors, recent advances 
in deoxyribonucleic acid (DNA) microarray-based gene 
expression profiling technology make it possible to 
analyze a large number of genes simultaneously, and 
search systematically for molecular markers to predict 
responses and outcomes (64). Consequently, several 
investigators have used gene expression profiling to 
analyze the genetics of rectal cancer and their predictive 
potential in terms of response to CRT (Table 5). 
Ghadimi et al. used two different microarray platforms 
to analyze pretreatment biopsies and identified 54 genes 
that were significantly differentially expressed between 
responders and non-responders based on T-down-
staging. The genes were able to predict tumor behavior 
correctly in 83% of patients (65). Using an Affymetrix 
U95Av2 Gene Chip, 33 novel discriminating genes 
related to transcription, cell growth, signal transduction 
and apoptosis were identified based on TRG in another 
study. Among the 33 genes, 20 genes expression 
increased and 13 genes expression decreased in 
responders as compared to nonresponders (66). In the 
following studies, differentially expressed genes related 
to cell cycle and/or cell signaling were also successfully 
identified between responders and non-responders (67-
69). The model based on the identified genes predicted 

Table 5. Recent studies using gene expression profiling to analyze the genetics for response to CRT of patients with LARC

Ref.

Ghadimi et al. (65)

Watanabe et al. (66)

Kim et al. (67)

Rimkus et al. (68)

Nishioka et al. (69)

Supiot et al. (81)

No. 

30

52

46

43

17

  6

Conclusion

Pretherapeutic gene expression profiling may assist in response prediction to 
preoperative CRT.

Gene expression profiling may be useful in predicting response to 
radiotherapy.

Microarray gene expression analysis was successfully used to predict CR to 
preoperative CRT.

Pretherapeutic prediction of response to CRT by gene expression analysis 
may represent a new valuable and practical tool of therapeutic stratification.

Gene expression patterns of diagnostic biopsies can predict pathological 
response to preoperative CRT.

Micro-arrays can efficiently assess early transcriptomic changes during 
preoperative radiotherapy for rectal cancer.

CRT:	chemoradiotherapy;	LARC:	locally	advanced	rectal	cancer;	CR:	complete	response.

No. of genes

    54

    33

    95

    42

    17

31 (up)
6 (down)

Accuracy (%)

    82.4

    82.4

    84

    86
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the response to CRT at an accuracy of over 80% (65-68).
 It seems reasonable to apply microarray gene 
profiling to identify novel molecular markers to predict 
response to CRT. Each study generated gene expression 
classifiers capable of high predictive accuracy (65-68), 
but the use of this microarray data in clinical practice 
is still limited for several reasons. First, microarray 
profiling relies on the prompt collection of fresh 
tissue samples and tumor biopsies consist of varying 
amounts of stroma, blood vessels and lymphocytes 
which contribute to the gene expression profiles and 
thus introduce a potential source of error. Second, 
the previously reported gene signatures differed 
considerably in terms of gene composition among 
different studies which make it difficult to compare the 
effectiveness of different genes. Third, the numbers 
of patients in each study were relatively limited. 
The current reported genes analyzed by microarray 
technology are not robust enough for clinical utility at 
this point. However, considering the promising data and 
usefulness	of	gene	profiling	in	breast	and	lung	cancer,	
gene expression profiling holds considerable promise 
to unveil the underlying complex genetics of response 
to CRT of rectal cancer if candidate genes are carefully 
validated in the future.

6. Thymidylate synthase (TYMS)

TYMS is an essential enzyme for cell proliferation and 
DNA synthesis (70). TYMS is considered the indirect 
target of 5-fluorouracil (5-Fu) and it was evaluated 
in several studies as a predictor of response to 5-Fu 
based pre-CRT in LARC (71-76), but there is much 
debate about the results. Saw et al. (71) observed that 
pretreatment biopsy specimens negative for TYMS were 
predictive of tumor down-staging in the CRT group but 
not in the radiotherapy group. In a contrasting study, 
patients with high TYMS IHC staining were more likely 
to achieve complete and partial response in the CRT 
group only (72). Even no correlation between TYMS 
expression and treatment response was observed in 
a study carried by Bertolini et al. (73). All the above 
studies used the IHC method to determine the TYMS 
levels, and limitations of IHC (heterogeneity in the 
TS	assay	and	classification	criteria)	may	contribute	
partly to the conflicting results. A genetic approach was 
used to quantify different TYMS genotype activities 
(2R/2R,2R/3R, and 3R/3R). By evaluating the number 
of tandem repeats of the TYMS gene, patients with either 
2R/2R, 2R/3R are more likely to achieve downstaging 
and pCR than patients with 3R/3R (74). According to 
2R/3R and 3R/3R tandem repeat polymorphisms in the 
TYMS gene, TYMS polymorphisms were classified into 
a low expression group (2R/2R, 2R/3RC, or 3RC/3RC) 
and high expression group (2R/3RG,3RC/3RG, or 
3RG/3RG) but no correlation was found between TYMS 
SNPs and tumor response (75,76). However, in a further 

study, patients in the low-expression group with a G>C 
SNP exhibited a significantly greater tumor downstaging 
rate (p = 0.001) (76). The TYMS gene is complicated and 
regulation is still not fully understood. The underlying 
reason for previous contradictory results according to 
TYMS polymorphisms on the clinical response need to 
be investigated, and additional novel polymorphisms 
might be identified to understand the complete role of 
TYMS genotyping for predicting a 5-Fu based pre-CRT 
response in rectal cancer.

7. Single-nucleotide polymorphism (SNP) markers

SNP analysis has been used to tailor special gene 
sites to predict response to CRT (55,75,76). Instead 
of  focus ing  on speci f ic  genes ,  genome-wide 
association studies were capable of genotyping 
thousands of SNPs. It is theoretically possible to 
identify SNP markers predicting a response to pre-
CRT in LARC. A quite recent study has implemented 
a human 3-step genome-wide SNP strategy for 
the determination of CRT sensitivity in LARC. In 
the first step, the screening group was performed 
using the Genome-Wide Human SNP Array with 
906,600 probes in 43 patients with LARC. Then the 
results of the genotyping analysis were associated 
with the responses to pre-CRT. USP20rs227450, 
FAM101Ars795574, ZNF281rs424414, OR2T4rs153870, 
SLC10A7rs41398848, CORO2Ars198585, ASZ1 
rs7808424 MED4 rs157125, and CDC42BPA rs192986 
were identified as CRT-responsive SNPs. In the second 
step, the above nine candidate SNPs were genotyped 
by pyrosequencing for clinical validation in a total 
of 113 patients. The patients carrying the reference 
allele(C) of the SNP CORO2A rs1985859 were more 
likely to obtain a positive response (TRG1-3) than the 
substitution allele (T) (p	=	0.01).	This	was	confirmed	by	
the in vitro assay of ionizing radiation cytotoxicity and 
the clonogenic assay in the third step. However, there 
are controversial findings with respect to FAM101A, 
no	specific	genotype	or	allelotype	showing	significant	
CRT	sensitivity	was	identified	in	the	clinical	association	
study, but downregulation of FAM101A reduced early 
apoptosis, enhanced colony formation and increased 
cell survival or viability in RKO cells (77). Despite 
the controversial findings in the current study and poor 
concordance between GWA studies, the finding is novel 
and SNPs are worth further study.

8. Dynamic analyzing

Increasing evidence shows that the way in which tumors 
respond to radiation is dynamic by analyzing sequential 
core biopsies (78,79). Recently, the same studies were 
carried out on rectal cancer. Based on biopsies taken 
before CRT, after 2, 4, and 6 weeks of CRT and in 
specimens from the operation, decreasing expressions 
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of	HIF-1α,	Bcl-2	and	Ki-67	were	observed	during	CRT,	
but unfortunately no association was seen between 
the fluctuations of any of the markers and response to 
CRT (80). In another study, based on biopsy specimens 
obtained 7 days after starting CRT, the expressions 
of p21 and apoptosis have been proven to be strong 
predictors of the response to CRT in rectal cancer (48). 
Gene expression changes detected on biopsies after a 
dose of 7.2 Gy at a median time of 1 hour following 
irradiation found 31 genes significantly up-regulated and 
6 genes down-regulated (81). This potentially means 
that the response may be more accurately predicted after 
initial treatment cycles rather than only before or after 
treatment of tissues, but performing serial biopsies is an 
invasive and unpleasant procedure and has the risk of 
increasing toxicity from repeated biopsies. As such, a 
non-invasive means of monitoring early-stage responses 
would be beneficial. DW-MRI, PET-CT and CEA can 
detect dynamic changes of rectal cancer during CRT 
easily and non-invasively. However, the price of PET-CT 
testing is so high that many patients are unable to afford 
repeating PET-CT tests and the serum CEA levels of 
parts of patients are always at a normal level so that CEA 
detection has no use for them at all. A study including 
twenty patients underwent MRI before CRT, after 10-
15 fractions and 1 to 2 weeks before surgery showed 
∆ADC-during	had	a	significantly	higher	value	in	patients	
with pCR compared with patients without (12). Due to 
the above evidences, DW-MRI may be the best model to 
detect the dynamic change of rectal cancer and predict 
the response at an early stage.

9. Dual or more models combined

As each parameter has its own inherent shortcomings, a 
combination of dual or more models may improve the 
accuracy of a response prediction. A prospective study 
investigated the combination of PET-CT and DW-MRI 
for the prediction of a pathological response. Twenty 
two patients had PET-CT before CRT, after 10 to 12 
fractions of CRT, 5 weeks after CRT and had DW-MRI 
before CRT. Both during and after CRT, the number of 
false positive results were decreased and consequently 
specificity	was	 increased	 by	 the	 combination	 of	
ΔSUV	max	and	ADC.	During	CRT	the	combination	of	
ΔSUVmax	>	40%	and	ADC-pre	<	1.06	×	103 mm²/s can 
predict	pCR	with	a	sensitivity	of	100%	and	specificity	
of 94%. Also, the combination of the provided threshold 
for	ΔSUV	max	after	CRT	and	ADC-pre	was	able	 to	
predict the response in all 22 patients (82). In a recently 
published study, the predictive value of PET-CT and CEA 
was simultaneously evaluated in terms of downstaging 
and	pCR.	SUV-post	<	3.7	and	CEA-pre	<	5.3ng/mL	are	
independent predictors for response to CRT in univariate 
and	multivariate	analysis.	The	combination	of	SUV-post	
< 3.7 and CEA-pre < 5.3 ng/mL increased the specificity 
from 65% and 51.4% to 84.4% for downstaging and the 

specificity from 63.6% and 81.8% to 91.6% for pCR (29).
 Despite the small number of patients in the studies, 
the combination of two modalities provide us with 
complementary information of the tumor and yielded 
higher accuracy and specificity than the individual 
investigations, which holds great potential for response 
prediction. The integration of functional imaging, CEA, 
together with the numerous potential molecular markers 
and identified genes will provide us with a bulk of 
information on each individual patient and make 
individualized treatment therapy possible. Combined 
models may be the future trend to predict a response. 

10. Conclusion and prospects

The high level of variation in response to CRT and 
the potentially toxic side effects increased the need 
for better patient selection in LARC. A major focus 
of rectal cancer research has been the identification 
of predictive factors allowing clinicians to predict 
responses. However, to be able to base treatment 
decisions, prediction should be effective and applicable 
in current clinical practice. From the update of 
current status, prediction is still in its infancy: First, 
there is still controversy between different results. 
Second, until now virtually all biomarkers have been 
identified in retrospective studies and predictions were 
not effective enough. Third, the number of patients 
is naturally limited. Fourth, there is the problem of 
high dimensionality of the therapy regimens: long 
or short term radiation and different chemotherapy 
regimens. Fifth, the histopathological evaluation of 
tumor response is different, such as complete response, 
partial response, TRG and downstaging. Differences 
among studies make a direct comparison of the results 
impossible. So before any predictor is used clinically, 
tumor response evaluation should be standardized and 
large consistent cohort studies are needed.
 In this review, we have provided an overview of the 
different	predictive	models.	The	ADC	of	MRI,	SUV	
of PET-CT, CEA, gene expression profiling and SNPs 
analysis are the most potential predictors for response 
to CRT from the evidence today. Due to the evidence 
that the way in which tumors respond to radiation is 
dynamic, DW-MRI may be the best model to detect 
the dynamic change of rectal cancer and predict the 
response at early stage. Considering the promising 
data	and	usefulness	of	gene	profiling	in	other	cancers,	
gene expression profiling and SNPs analysis hold 
considerable promise to unveil the underlying complex 
genetics of response to CRT in rectal cancer. As each 
parameter has its own inherent shortcomings and a 
combination of dual or more models may provide us 
with complementary information, combined models 
may be the future trend to predict a response. Before 
any predictor is used clinically, large consistent cohort 
studies are needed.
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1. Introduction

Antibodies are a modular defense system that identifies 
and neutralizes foreign objects such as bacteria and 
viruses. Each antibody recognizes a specific, unique 
target antigen that binds at the antibody's antigen-
binding site. This binding mechanism allows an antibody 
to tag a microbe and an infected cell to be attacked by 
other parts of the immune system as well as to directly 
neutralize its target. Antibodies contain variable domains 
characterized by structurally hypervariable regions, 
also known as complementarity determining regions 
(CDRs). The variable-region fragment (Fv fragment) 
is the smallest unit of an immunoglobulin molecule 

with functional antigen-binding activity. A single-chain 
variable fragment (scFv) consists of variable regions in 
the form of a heavy chain (VH) and a light chain (VL) 
that are joined by a flexible peptide linker and that are 
readily expressed in E. coli (1).
 Alterations in cell surface carbohydrates are 
commonly found in cancerous tissues (2). T-antigen 
(Galβ1-3GalNAcα-1-Ser/Thr), also known as Thomsen-
Friedenreich antigen (TF antigen), is an oncofetal 
antigen. It is commonly expressed as carbohydrate 
determinants of many adenocarcinomas and is also 
associated with tumor progression and metastasis (3-5). 
The availability of human antibodies against T-antigen 
would thus greatly facilitate the development of cancer 
diagnostics as well as cancer therapeutics.
 In the authors' laboratory, phage display technology 
has been used to obtain scFv genes with specificities 
for carbohydrate moieties since many carbohydrates are 
self-antigens that seldom induce an immune response in 
animals (6,7). Genes encoding anti-Man3, anti-Lewis X, 

Summary T-antigen (Galβ1-3GalNAcα-1-Ser/Thr) is an oncofetal antigen that is commonly expressed 
as a carbohydrate determinant in many adenocarcinomas. Since it is associated with tumor 
progression and metastasis, production of recombinant antibodies specific for T-antigen 
could lead to the development of cancer diagnostics and therapeutics. Previously, we isolated 
and characterized 11 anti-T-antigen phage clones from a phage library displaying human 
single-chain antibodies (scFvs) and purified one scFv protein, 1G11. More recently, we 
purified and characterized 1E8 scFv protein using a Drosophila S2 expression system. In the 
current study, four anti-T-antigen scFv genes belonging to Groups 1-4 were purified from 
inclusion bodies expressed in Escherichia coli cells. Inclusion bodies isolated from E. coli 
cells were denatured in 3.5 M Gdn-HCl. Solubilized His-tagged scFv proteins were purified 
using Ni2+-Sepharose column chromatography in the presence of 3.5 M Gdn-HCl. Purified 
scFv proteins were refolded according to a previously published method of step-wise dialysis. 
Two anti-T-antigen scFv proteins, 1E6 and 1E8 that belong to Groups 1 and 2, respectively, 
were produced in sufficient amounts, thus allowing further characterization of their binding 
activity with T-antigen. Specificity and affinity constants determined using enzyme-linked 
immunosorbent assay (ELISA) and surface plasmon resonance (SPR), respectively, provided 
evidence that both 1E8 and 1E6 scFv proteins are T-antigen specific and suggested that 1E8 
scFv protein has a higher affinity for T-antigen than 1E6 scFv protein.
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anti-Tn-antigen, and anti-T-antigen scFv proteins have 
been isolated from a phage library displaying human 
scFvs that had been characterized after purification of 
scFv proteins expressed in different expression systems 
(8-12).
 Escherichia coli expression systems are the most 
prevalent systems for production of recombinant 
proteins (13,14). Efficient microbial production systems 
have allowed the production of heterologous proteins 
in sufficient amounts for diagnostic and therapeutic 
purposes as well as for structural studies (15-18). When 
heterologous proteins were highly expressed in E. coli, 
however, the proteins tended to form inclusion bodies 
in the cytoplasm. Purification of recombinant proteins 
from inclusion bodies requires refolding processes that 
are rather tedious, although the current authors recently 
reported purification and characterization of scFv 
proteins (19,20). 
 Previously, 11 anti-T-antigen phage clones were 
isolated from a phage library and categorized into four 
groups using a gycolipid, Galβ1-3GalNAcα-hexaethylene 
glycol-3,5-bis-8-dodecyloxy benzamide (T-antigen E6-
BDB) (11). Of those, Group 4 scFv protein (1G11) was 
expressed in E. coli from its phagemid and purified to 
near homogeneity (11). However, the level of expression 
of the 1G11 scFv protein in E. coli was not sufficient for 
further characterization. More recently, a Group 1 1E8 
scFv protein was successfully expressed and purified in 
a Drosophila S2 expression system (21). To compare 
scFv proteins belonging to Groups 1-4, the current study 
expressed and purified four different types of anti-T-
antigen scFv genes using an E. coli expression system. 
Of four scFv proteins purified, levels of expression 
of 1E6 and 1E8 scFv proteins were high enough for 
characterization of their binding specificity and affinity 
for T-antigen. Enzyme-linked immunosorbent assay 
(ELISA) and surface plasmon resonance (SPR) analyses 
confirmed the binding activity of both scFv proteins 
to various T-antigen-presenting conjugates. Affinity 
constants determined using SPR suggested that 1E8 scFv 
protein bound to T-antigen with one-order higher affinity 
than 1E6 scFv protein. These results may provide a basis 
for the future development of cancer diagnostics and 
therapeutics.

2. Materials and Methods

2.1. Materials

E. coli strain BL21(DE3), Benzonase® Nuclease, and 
the pET22b(+) expression vector were obtained from 
Novagen (Germany). The vector was modified to encode 
the pelB leader and His-tag at the C-termini. E. coli strain 
JM109 was obtained from TaKaRa BIO (Shiga, Japan). 
Bovine serum albumin (BSA), human immunoglobulin 
G (hIgG), Trizma base, guanidine hydrochloride (Gdn-
HCl), tween 20, oxidized L-glutathione (GSSG), reduced 

L-glutathione (GSH), lysozyme, and 4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid (HEPES) were 
purchased from Sigma-Aldrich (St Louis, MO, USA). 
The synthesis of neoglycolipids including T-antigen 
E6-BDB was previously described (11). Human serum 
albumin (HSA)-conjugated T-antigen was purchased 
from Glyco Tech (Gaithersburg, MD, USA). Ni2+-
Sepharose 6 Fast Flow, and SA sensor chips, and an 
amine coupling kit were obtained from GE Healthcare 
(Uppsala, Sweden). ABTS reagent was obtained from 
Roche Diagnostics K.K. (Basel, Switzerland). B-PER® 
reagent and His Probe-HRP were obtained from Thermo 
Fisher Scientific Inc. (Waltham, MA, USA). Anti 
His-tag mouse monoclonal antibody was purchased 
from Abcam (Cambridge, MA, USA). Dithiothreitol 
(DTT), L(+) arginine, carbenicillin, isopropyl-β-D-
thiogalactopyranoside (IPTG), and other chemicals were 
obtained from Wako Pure Chemical Industries (Osaka, 
Japan).

2.2. Anti T-antigen scFv-genes

Anti-T-antigen scFv clones were obtained using a 
neoglycolipid, Galβ1-3GalNAcα-hexaethylene glycol-
3,5-bis-8-dodecyloxy benzamide (T-antigen E6-BDB), as 
a probe from a phage library by panning and screening 
as previously described (11). Eleven phage clones were 
isolated and characterized using DNA sequencing and 
ELISA, which revealed four groups of clones with 
T-antigen binding activity. In this study, 1E8, 1E6, 
1E10, and 1G11 scFv genes were selected as respective 
representatives of Groups 1, 2, 3, and 4 (11).

2.3. Construction of scFv expression vectors for E. coli

Four anti-T-antigen scFv genes, 1E8, 1E6, 1E10, 
and 1G11, were amplified by PCR from phagemids 
encoding respective scFv genes (11) as templates using 
corresponding sets of Fw and Rv primers as listed 
in Table 1. 1E8, 1E6, 1E10, and 1G11 scFv genes 
were ligated into BamHI-NotI-digested pET22b to 
construct pET22b/1E8, pET22b/1E6, pET22b/1E10, 
and pET22b/1G11 expression vectors, respectively. E. 
coli JM109 and BL21(DE3) were used as host cells for 
plasmid preparation and expression of scFv proteins, 
respectively. The scFv sequences of pET22b/1E8, 
pET22b/1E6, pET22b/1E10, and pET22b/1G11 were 
confirmed by DNA sequencing. 

2.4. Expression, purification, and refolding of scFv 
proteins in E. coli BL21(DE3)

E. coli BL21(DE3) cells transformed with pET22b/1E8, 
pET22b/1E6, pET22b/1E10, and pET22b/1G11 
expression vectors were seeded into 60 mL of LB 
medium containing 50 μg/mL carbenicillin. After cells 
were grown to OD600 of ~0.5 by incubation at 37˚C 
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mM sodium phosphate buffer, pH 7.4, containing 0.15 
M NaCl). Protein concentrations were determined with a 
Bio-Rad protein assay reagent using human IgG (Sigma-
Aldrich) as standard protein.

2.5. SDS-PAGE and Western blotting 

The purified scFv proteins were analyzed with SDS-
PAGE (5-20 % gradient polyacrylamide gel) under 
reducing or non-reducing conditions. Separated proteins 
were stained with Coomassie Brilliant Blue (CBB). 
For immunoblotting, the proteins on the SDS-PAGE 
gel were transferred onto a polyvinylidene difluoride 
(PVDF) membrane (Millipore, Billerica, MA, USA). The 
membrane was blocked with PBS containing 3% BSA 
for 2 h at room temperature. The membrane was washed 
with PBS and then incubated with HRP-conjugated 
anti-His-Tag antibody at room temperature for 1 h. The 
membrane was washed five times with PBS containing 
0.2% Tween 20. Bound primary antibodies were detected 
with HRP-conjugated secondary antibodies and color 
development using Ez West blue (ATTO Co., Tokyo, 
Japan). Alternatively, blotted scFv proteins were detected 
with His Probe-HRP.

2.6. CD spectra of the purified scFv proteins

CD measurements were performed with a J-820 CD 
spectrophotometer (JASCO Corporation, Japan). Far-UV 
CD spectra were recorded at 25˚C using 400 µL of each 
sample in a cuvette with a path length of 2 mm. Spectra 
were obtained after 10 scans and subtracted from the 
spectra of the buffer obtained under the same conditions. 
CD spectra were obtained for 1E6 and 1E8 scFv proteins 
in PBS buffer, pH 7.4.

2.7. ELISA of the purified and refolded scFv proteins 
from E. coli cells binding to neoglycolipids or human IgA 
(hIgA) 

Wells of a 96-well plate were coated with T-antigen-, 
Tn-antigen-, and Man3-E6-BDB pre-mixed with E6-

with shaking, expression of scFv proteins was induced 
by the addition of 1 mM IPTG. Bacterial cells were 
incubated for 4 h and then harvested by centrifugation 
at 2,900× g for 30 min, after which they were stored 
at -30˚C for future experiments. Inclusion bodies were 
prepared from the bacterial cells by suspension in B-per 
Bacterial Protein Extraction Reagent according to the 
manufacturer’s protocol. Briefly, 2.5 mL of the reagent 
containing 500 μg of lysozyme and 63 U of benzonase 
per 1 g of wet cells was added to bacterial cells. After 
the mixture was gently shaken for 10 min, pellets were 
collected by centrifugation at 14,500× g for 20 min 
and these were then resuspended in 15 mL of 10-fold 
diluted B-per reagent. After the mixture was gently 
shaken for 10 min, pellets were collected as inclusion 
bodies by centrifugation at 14,500 g for 20 min.
 Inclusion bodies were solubilized in 20 mM sodium 
phosphate buffer, pH 7.4, containing 3.5 M Gdn-HCl and 
0.2 M NaCl (3.5 M Gdn-HCl buffer), and centrifuged 
at 14,500× g for 30 min. Ni2+-Sepharose slurry (0.5 
mL) was added to test tubes containing the supernatant. 
After the tubes were inverted overnight at 25˚C, the Ni2-
Sepharose slurry was packed into columns. The columns 
were washed thoroughly with 3.5 M Gdn-HCl buffer 
containing 40 mM imidazole. ScFv proteins were then 
eluted with 3.5 M Gdn-HCl buffer containing 500 mM 
imidazole and 5 mM DTT. The eluted proteins were 
refolded as described below according to the method 
previously described (16) with some modifications. The 
scFv proteins purified in the presence of 3.5 M Gdn-
HCl were refolded by stepwise dialyses as follows. 
The concentrations of the affinity-purified denatured 
scFv proteins were adjusted to 3.3 mM in 3.5 M Gdn-
HCl buffer. The denatured scFv proteins in 20 mL were 
dialyzed against 300 mL of 50 mM Tris-HCl buffer, pH 
8.0, containing 0.2 M NaCl and 1 mM EDTA (dialysis 
buffer) in the presence of 2 M Gdn-HCl, and then step-
wise dialysis was done against (i) 80 mL of the dialysis 
buffer containing 1 M Gdn-HCl, 0.4 M L-arginine, 1 
mM GSSG, and 2 mM GSH; (ii) 80 mL of the dialysis 
buffer containing 0.5 M Gdn-HCl, 0.4 M L-arginine, 1 
mM GSSG, and 2 mM GSH; and (iii) 300 mL of PBS (10 

Table 1. PCR primers used for scFv gene cloning and vector construction

Primers  Sequencesa

pET-1E6 Fw 5'-GCATGCGGATCCGCAGGTGCAGCTGGTGGAG
pET-1E6Rv 5'-GCATGCGCGGCCGCTTTGATATCCACTTTGGTCCCAGG

pET-1E8 Fw 5'-GCATGCGGATCCGCAGGTGCAGCTGCAGCAG
pET-1E8 Rv 5'-GCATGCGCGGCCGCTAGGACGGTCAGCTTGGT

pET-1E10 Fw 5'-GCATGCGAATTCGCAGGTGCAGCTACAGCAG
pET-1E10 Rv 5'-GCATGCGCGGCCGCTTTGATTTCCACCTTGGTCCCTG

pET-1G11 Fw 5'-GCATGCGAATTCGCAGGTGCAGCTGCAGGAGT
pET-1G11 Rv 5'-GCATGCGCGGCCGCTTTAATCTCCAGTCGTGTCCCT
a Underlined italic sequences are restriction sites for enzymes.
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BDB at a ratio of 50 pmol:450 pmol per well. E6-BDB 
was used as a control. 1E6 and 1E8 scFv proteins were 
diluted with 20 mM Tris-HCl containing 1% BSA and 
0.005% Tween 20 to a concentration of 1.67 μM and 
incubated at 37˚C for 1 h. Unbound scFvs were washed 
three times with 200 μL of 10 mM Tris-buffered saline, 
pH7.4 (TBS). Anti-His-tag mouse monoclonal antibody 
was used as a primary antibody for detection of scFv 
proteins. After HRP-conjugated second antibody 
treatment, 100 μL of ABTS solution was added for 
color development. The reaction was stopped by 100 μL 
of 1% oxalic acid. Absorbance at 415 nm was measured 
with a plate reader (Bio-Rad, Hercules, CA, USA).
 Alternatively, human immunoglobulin A (hIgA) was 
used as a natural glycoprotein ligand since IgA contains 
six varieties of O-glycans, including T-antigen, in the 
hinge region (22). Wells of a 96-well plate were coated 
with human IgA class 1 (50 μg/mL) and then blocked 
with 3% BSA/TBS. ScFv proteins at concentrations 
of 85 nM and 420 nM were added to the hIgA- 
immobilized wells and incubated at 37˚C for 1h. HRP-
conjugated RCA120 lectin (1 μg/mL), which recognizes 
galactose residues at the non-reducing termini, was 
used as a positive control. Detection of bound scFvs or 
RCA was carried out as described above.

2.8. SPR analyses of purified scFv proteins against 
T-antigen

Real-time measurements of the binding of 1E8 and 1E6 
scFv proteins to T-antigen were performed with SPR 
at 25˚C on a Biacore 3000 biosensor (GE Healthcare, 
Uppsala, Sweden) using 10 mM HEPES, pH 7.4, 
containing 150 mM NaCl and 0.005% Tween 20 
(running buffer) at a flow rate of at 20 μL/min. T-antigen 
pre-immobilized on the sensor chip (D301: Galβ1-
3GalNAcα1-6Glc) was purchased from SuDx-Biotec 
Corp. (Kagoshima, Japan). Since this sensor chip does 
not contain a dextran matrix, non-specific binding is 
minimized in comparison to sensor chips such as the 
CM5 or CM3 that are normally used. 1E6 and 1E8 
scFv proteins were injected to T-antigen for 2 min, and 
then dissociation phases were observed. Alternatively, 
1E6 scFv protein was measured using T-antigen biotin-
immobilized on the sensor chip SA with glucose-biotin 
as a negative control. To reduce non-specific binding to 
the sensor chip surface, NaCl was added to the analyte 
solutions to reach a final concentration of 0.3 M NaCl. 
Samples were injected to ligands for 4 min, and then 
dissociation phases were observed. 
 During SPR experiments, flow cells were regenerated 
by injection of the running buffer containing 3.5 M Gdn-
HCl followed by thorough washing with the running 
buffer. Kinetics parameters were calculated using 
BIAevaluation software version 3.2. These sensorgrams 
were fitted to a 1:1 Langmuir binding model using a 
simultaneous non-linear program.

3. Results

3.1. Expression, purification, and refolding of anti 
T-antigen 1E8, 1E6, 1E10, and 1G11 scFv proteins from 
E. coli cells

Anti T-antigen 1E8, 1E6, 1E10, and 1G11 scFv proteins 
were purified from inclusion bodies, prepared from 40 
mL of the culture medium, by solubilization with 3.5 
M Gdn-HCl. These scFv proteins were subjected to 
Ni2+-Sepharose chromatography in the presence of 3.5 
M Gdn-HCl and they were then refolded by stepwise 
dialysis (19,23). Figures 1A and B show comparable 
results of SDS-PAGE followed by Coomassie Brilliant 
Blue (CBB) staining and Western blot analyses for 
the four scFv proteins purified and refolded from the 
respective inclusion bodies. Figure 1 shows the starting 
material for the purification of the scFv proteins in the 
inclusion bodies (lane 1) as well as the scFv proteins 

Figure 1. SDS-PAGE (A) and Western blot (B) analyses 
of 1E8, 1E6, 1E10, and 1G11 scFv proteins prepared from 
inclusion bodies by purification and refolding. Shown are 
results for inclusion bodies (lane 1) and soluble (lane 2) and 
insoluble (lane 3) fractions after purification and refolding. 
Proteins were visualized by CBB-staining (A). Western blot 
analyses were carried out using an HRP-conjugated anti-His-
tag mouse monoclonal antibody( B).
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recovered from the soluble and insoluble fractions after 
refolding (lanes 2 and 3, respectively). A summary of 
purification and refolding of all four scFv proteins is 
presented in Table 2. 1E8, 1E6, and 1E10 scFv proteins 
were effectively recovered from the soluble fractions 
(Figure 1A, lane 2), indicating that most of the scFv 
proteins are folded. In contrast, 1G11 scFv protein was 
not readily recovered from the soluble fraction. While 
1E8 expression was the lowest among the four scFv 
proteins, its efficient recovery from the soluble fraction 
allowed its further characterization. Each refolded scFv 
protein contained basically a single protein band (Figure 
1), confirming it's near homogeneity. The molecular size 
of the 1E10 scFv protein was smaller than its theoretical 
molecular weight (Figure 1). 1E10 scFv protein moved 
faster than 1G11 scFv protein, which is an incomplete 
scFv lacking CDRs in its VL domain (11).

3.2. Structural characterization of purified 1E6 and 
1E8 scFv proteins

CD spectroscopy was used to determine the secondary 
structures of the refolded scFv proteins (Figures 2A 
and 2B). Proteins with β-sheet structures are known to 
show a single negative peak with a minimum at 217 nm 
(24). The purified 1E6 and 1E8 scFv proteins showed a 
single negative peak with a minimum at approximately 
217 nm. In the CD spectra, the molar ellipticity at 217 
nm was −6,500 for the 1E6 scFv proteins and −2,500 
for the 1E8 scFv proteins.

3.3. Binding of the 1E6 and 1E8 scFv proteins to 
T-antigen according to ELISA and SPR

ELISA was performed using two types of T-antigen 
ligands: synthetic and natural. First, the binding of scFv 
proteins to neoglycolipids was analyzed (Figure 3A). 
Both 1E6 and 1E8 scFv proteins bound to T-antigen 
E6-BDB but not to GalNAcα-E6-BDB (Tn-antigen-
E6-BDB) or mannotoriose-E6 BDB (Man3-E6-BDB). 
Second, human IgA (hIgA)-containing galactose at the 
non-reducing termini was used to determine the T-antigen 
activity of the 1E8 and 1E6 scFv proteins (Figure 3B). 
A galactose-specific lectin, RCA120, was used as the 
positive control. Results clearly demonstrated that the 
1E6 scFv protein had binding activity to hIgA whereas 

Figure 2. CD spectra of the purified and refolded scFv 
proteins. CD spectra of 1E8 and 1E6 scFv proteins were 
measured using 1E8 and 1E6 scFv proteins in PBS at 5.5 µM 
and 3.3 µM, respectively.

Figure 3. Binding of the purified and refolded scFv 
proteins to neoglycolipids (A) or human IgA (hIgA) (B) 
as analyzed with ELISA. In (A), wells coated with E6-BDB 
(1; control; white bar), T-antigen-E6-BDB (2; black bar), 
Tn-antigen-E6-BDB (3; shaded bar), and Man3-E6-BDB 
(4; dotted bar) were incubated with 1E6 scFv or 1E8 scFv 
protein at a concentration of 1.67µM at 37˚C for 1 h. Anti-
His-tag mouse monoclonal antibody was used as a primary 
antibody for detection of scFv proteins as described in the 
Methods. In (B), hIgA containing six O-glycans in the hinge 
region was used as a glycoprotein anti-T-antigen substrate. 
1E8 and 1E6 scFv proteins at 85 nM (3, 5) and 420 nM (4, 6) 
were analyzed. PBS and RCA120-HRP (1µg/mL) were used as 
negative (1) and positive (2) control, respectively. White bars 
show binding to BSA (background control) whereas black 
bars show the binding of scFv proteins to hIgA.

Table 2. Summary of purification and refolding of scFv proteins expressed in E. coli

Items

Purification & refolding
of scFvs from 60 mL culture

Production yield of scFv protein
(mg/L culture)

scFv protein

3.5 M Gdn-HCl soluble fractions (mg)

Affinity-purified scFvs in 3.5 M Gdn-HCl (mg)

Soluble fractions after refolding (mg)
(% recovery from denatured scFvs)

1E8

5.0

0.2

0.2
(100 )

3.3

1E6

10.2

  2.0

  1.9
(95)

31.7

1E10

4.52

0.50

0.53
(106)

8.8

1G11

13.6

  2.4

  0.31
 (13)

  5.2
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the 1E8 scFv protein did not.
 SPR analyses were performed to further confirm the 
T-antigen binding activity of both the 1E6 and 1E8 scFv 
proteins (Figure 4). Kinetic parameters of 1E8 scFv 
and 1E6 scFv binding to T-antigen are summarized 
in Table 3. Both the 1E8 and 1E6 scFv proteins had 
good affinity for D301 (T-antigen-immobilized sensor 
chip) (Figures 4A and 4B, respectively), as indicated 
by respective KD values of 8.3 × 10−8 M and 1.3 × 10−6 
M (Table 3). 1E6 scFv protein was analyzed using the 
biotinylated T-antigen sensor chip (Figure 4C) and was 
found to have KD = 8.0 × 10−7 M (Table 3).

4. Discussion

The current authors and their colleagues previously 
isolated genes encoding human scFv proteins with 
specificity against various carbohydrate moieties from 
a phage library displaying human scFv proteins (8-
12). Eleven anti-T-antigen phage clones were isolated 
from a phage library and categorized into four groups 
(11). An anti-T-antigen 1G11 scFv protein from Group 
4 was purified by DEAE-cellulose and Ni2+-Sepharose 
affinity chromatography from the solubilized fraction 
of E. coli cells transfected with a phagemid bearing the 
1G11 scFv gene (11). More recently, a Group 1 1E8 
scFv protein was successfully expressed and purified in 
a Drosophila S2 expression system (21).
 The current study used an E.coli expression system 
to purify and characterize four anti-T-antigen scFv 
proteins from Groups 1-4 (11). Two anti-T-antigen 
scFv proteins, 1E8 and 1E6 respectively belonging to 
Groups 1 and 2, were successfully purified for further 
characterization. E. coli strains, such as BL21(DE3), 
produce native bacterial proteins that exhibit a high 
affinity for divalent cations like nickel. Such native 
bacterial proteins may be co-purified with His-
tagged recombinant proteins via Ni2+-Sepharose 
chromatography (25). The use of inclusion bodies 
consisting of mostly recombinant proteins as the 
starting material could help avoid this problem of 
contamination. Inclusion bodies were denatured under 
mild conditions in 3.5 M Gdn-HCl and His-tagged scFv 
proteins were purified using Ni2+-Sepharose column 
chromatography in the presence of 3.5 M Gdn-HCl. 
The purified scFv proteins were refolded by step-
wise dialysis in the presence of arginine according to 
previously reported procedures (23). As shown in Table 
2, 1E6 scFv protein was purified with the highest yield 

Figure 4. SPR analyses of purified and refolded 1E8 
(A) and 1E6 scFv (B & C). Two different types of sensor 
chips were used: T-antigen immobilized sensor chip D301 
(A & B) purchased from SuDx Biotec and T-antigen-
biotin immobilized sensor chip SA. Binding of the purified 
and refolded 1E8 scFv (A) and 1E6 scFv (B) to D301 was 
measured at scFv protein concentrations of 0.28 µM, 0.55 
µM, and 1.1 µM and 1.22 µM, 2.44 µM, 4.88 µM, and 9.75 
µM, respectively. In (C), the binding kinetics of 1E6 scFv 
protein were further analyzed using biotin-immobilized 
T-antigen on the SA sensor chip at concentrations of 1.9 µM, 
3.2 µM, 4.8 µM, and 9.6 µM.

Table 3. Kinetics parameters of 1E8 scFv and 1E6 scFv binding to T-antigen

scFv protein/Ligand

1E8/D301
1E6/ D301
1E6/ T-antigen biotin

ka (1/Ms)

8.8 × 103

5.5 × 102

1.1 × 103

kd (1/s)

7.3 × 10-4

7.2 × 10-4

9.2 × 10-4

KD (M)

8.3 × 10-8

1.3 × 10-6

8.0 × 10-7

Sensorgrams

Figure 4A
Figure 4B
Figure 4C
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among the four scFv proteins. The level of production, 
30 mg from a 1 L culture, was within the range 
expected from this procedure. Interestingly, when an 
alternative Drosophila S2 cells expression system was 
used to produce anti-T-antigen scFv proteins, we found 
that in contrast to this study, properly-folded 1E8 scFv 
protein was more efficiently expressed than 1E6 scFv 
protein (21). 
 The secondary structure formed by the refolded 
1E8 and 1E6 scFv proteins was assessed using CD 
spectrometry. The far-UV CD spectra of the refolded 
scFv proteins revealed that both scFvs possess a β-sheet 
structure that is characteristic of such immunoglobulin 
fragments (24,26). The CD spectrum of 1E6 scFv 
indicates that it has a β-sheet structure with most of 
its proteins folded correctly. The CD spectrum of 1E8 
scFv indicates the presence of a β-strand structure that 
is not as deep. This CD spectrum indicates that both 
correctly folded and unfolded proteins may be present 
in the refolded 1E8 scFv sample, suggesting that 
improvements on refolding procedures are required for 
purification of 1E8 scFv protein from inclusion bodies. 
The 1E8 scFv protein expressed in Drosophila S2 cells, 
however, was found to be qualitatively much better 
than E. coli-expressed and properly refolded as judged 
by CD and NMR (21).
 1E10 scFv protein should have a molecular mass 
similar to those of 1E6 and 1E8, but the 1E10 scFv 
protein moved faster than both 1E6 and 1E8 scFv 
proteins according to SDS-PAGE (Figure 1). This 
indicates that the expressed 1E10 scFv protein may 
not be intact. There is no apparent explanation for 
the production of 1E10 scFv protein with a smaller 
molecular mass, so further study is needed. 
 Both 1E8 and 1E6 scFv proteins specifically bound 
to T-antigen-E6-BDB, which was the T-antigen probe 
used to screen phages displaying scFv proteins (Figure 
3A). When phage antibodies representing 1E8, 1E6, 
1E10, or 1G11 scFv proteins were originally analyzed 
for specificity, 1E8, 1E6, and 1E10 bound to T- and Tn-
antigen equally whereas 1G11 bound specifically to 
T-antigen (11). The results of the current study confirm 
that both 1E8 and 1E6 scFv proteins exhibit T-antigen 
specificity. 1E6 scFv bound to hIgA, but binding of 1E8 
scFv to hIgA was not detected (Figure 3B). The reason 
for the poor binding of 1E8 scFv protein to hIgA is not 
apparent. The binding activity of 1E8 scFv protein with 
T-antigen has been confirmed since it bound to T-antigen 
moieties conjugated to lipid (Figure 3A) and gold 
surfaces (Figure 4A). 
 Table 3 summarizes the kinetic parameters 
calculated from the sensorgrams shown in Figure 4. 
The results indicate that the 1E6 scFv protein bound 
similarly to T-antigen that was immobilized covalently 
on the gold surface (D301), or via biotin to SA, with 
a KD of approximately 1 × 10-6 M. 1E8 scFv bound 
to D301 with an affinity of approximately 1 × 10-7 

M. These results demonstrate that both 1E6 and 1E8 
scFv proteins have a definite affinity for T-antigen, 
with the former having a lower affinity (one order) 
than the latter. Since protein-carbohydrate interactions 
are generally weak, these human scFv proteins with 
rather high affinities for oncofetal T-antigen have high 
potential for future development of cancer therapeutics. 
For example, an anti-T-antigen monoclonal antibody 
JAA-F11 has been shown to block the adhesion of 
human and mouse tumor cells in metastatic models in in 
vitro and in vivo studies (27). Further characterization of 
1E8 and 1E6 scFv proteins, their affinity improvement, 
and their effects on tumor growth and metastasis will 
be needed for future clinical application of these scFv 
proteins.
 In conclusion, this study successfully purified 
and compared four anti-T-antigen scFv proteins from 
inclusion bodies expressed in E. coli cells. Although 
four anti-T-antigen scFv genes belonging to Groups 1-4 
were expressed and produced in an E. coli expression 
system, 1E6 and 1E8 scFv proteins were produced at 
sufficient levels for further characterization of their 
T-antigen binding. Specificity and affinity constants 
determined using ELISA and SPR, respectively, 
provided evidence that Group 1 and 2 scFv proteins are 
T-antigen-specific and suggested that 1E8 scFv protein 
has a higher affinity for T-antigen than 1E6 scFv 
protein.
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1. Introduction

Dioscorea bulbifera L. is a native plant in Africa 
and Asia, and it is also an invasive species in many 
tropical areas, including Florida in the United States. 
D. bulbifera is generally used to treat thyroid disease 
(especially goiter) and cancer in clinics in China (1). 
However, during clinical practice D. bulbifera has been 
found to have hepatotoxicity, which has caused a great 
obstacle for its application in the clinic (2). Recently, 
study of the hepatotoxicity of D. bulbifera has attracted 
great interest. Our previous studies have already 
showed that an ethyl acetate extract (EF) isolated 
from D. bulbifera could induce oxidative stress liver 
injury (3,4). Meanwhile, our studies and other reports 
found that diterpenoids were the main hepatotoxic 
compounds in D. bulbifera, such as diosbulbin B and 
diosbulbin D (3,5).

 Drug-induced liver injury (DILI) has been a public 
health issue for many years, and it is the major cause 
for withdrawal of approved drugs from the market and 
leads to blockage of development of potential drugs. 
Generally, herbal medicines are regarded as having no 
toxicity or side-effects, and they are increasingly used 
worldwide as dietary supplements (6,7). However, there 
are increased reports about the hepatotoxicity induced 
by herbal medicines. For example, herbal medicines as 
dietary supplements caused about 9% of cases of DILI, 
while in Asia the percentage was about 20-55% cases 
of DILI (8,9). Thus, liver injury induced by herbal 
medicines needs to be paid more attention.
 Currently, conventional widely used biochemical 
markers for evaluating liver injury are serum alanine 
aminotransferase (ALT), aspartate aminotransferase 
(AST), and cholestatic markers such as alkaline 
phosphatase (ALP), and γ-glutamyltransferase (γGT) 
(10,11). However, all of these biomarkers sometimes 
can not accurately reflect liver injury (11). Serum ALT 
activity has also been associated with toxicity of other 
organs and thus it leads to false positives due to other 
sources of serum ALT activity because it has specificity 
beyond the liver (12). Meanwhile, there is a report that 
serum ALT activity is variable in people, which will 
also lead to possible false positive or negative results 

Summary The present study is designed to search for the serum cytokine biomarker for liver injury 
induced by Dioscorea bulbifera L., which is a traditionally used herbal medicine in China. 
Mice were orally given various doses of ethyl acetate extract (EF) isolated from D. bulbifera 
for 12 days. The activity of serum alanine/aspartate transaminases (ALT/AST) was 
increased in EF (400 mg/kg)-treated mice. Histological assessment further confirmed EF (400 
mg/kg)-induced liver injury. Results of a cytokine-antibody array demonstrated that there 
were 10 cytokines up-regulated and 1 cytokine down-regulated in EF (400 mg/kg)-treated 
mice. Enzyme-linked immunosorbent assay (ELISA) further confirmed the increased level 
of CD30 ligand (CD30L) and decreased level of interlukin-3 (IL-3) in EF-treated mice. In 
conclusion, our results demonstrate that the altered expression of CD30L and IL-3 may be 
potential biomarkers for hepatotoxicity induced by D. bulbifera.
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(13). Thus, searching for more simple and sensitive 
biomarkers as a supplementary index for DILI is an 
urgent problem that needs to be solved.
 Cytokines are a diverse group of soluble proteins, 
peptides or glycoproteins, which have various 
biological functions. Recently, innate and acquired 
immunity mediated by cytokines has been reported to 
play a critical role in DILI, and thus cytokines have the 
potential value as biomarkers for DILI (14,15). In the 
present study, we employed a cytokine-antibody array 
to search for potential cytokine biomarkers for liver 
injury induced by D. bulbifera.

2. Materials and Methods

2.1. Chemicals and reagents

The rhizomes of D. bulbifera were collected in 
Qingyang, Anhui Province and authenticated by Prof. 
Shou-Jin Liu (Anhui College of Traditional Chinese 
Medicine, Anhui, China). The specimens were deposited 
in the herbarium of the Institute of Chinese Materia 
Medica, Shanghai University of Traditional Chinese 
Medicine. The preparation of ethyl acetate extracts (EF) 
isolated from D. bulbifera was previously reported in 
our published papers, and the content of diosbulbin B is 
13.72% (16). The kits for determining ALT/AST activity 
were obtained from Jiancheng Bioengineering Institute 
(Nanjing, Jiangsu, China). RayBio™ Mouse Cytokine 
Antibody Array III was purchased from RayBiotech, 
Inc. (Norcross, GA, USA). ELISA kits were purchased 
from RapidBio (West Hills, CA, USA). Other reagents 
unless indicated were purchased from Sigma Chemical 
Co. (St. Louis, MO, USA).

2.2. Experimental animals

Specific pathogen free male ICR mice (18-22 g body 
weight) were purchased from the Chinese Academy 
of Sciences (Shanghai, China). The mice were fed a 
standard laboratory diet and given free access to tap 
water, kept in a controlled room temperature (22 ± 1°C), 
humidity (65 ± 5%), and a 12:12-h light/dark cycle. 
All mice received humane care in compliance with the 
institutional animal care guidelines approved by the 
Experimental Animal Ethical Committee of Shanghai 
University of Traditional Chinese Medicine.

2.3. Treatments of animals

Mice were orally administered EF (100, 200, and 400 
mg/kg, suspended in 0.5% CMC-Na, n = 7) for 12 days, 
and 0.5% CMC-Na was used as a vehicle control (n = 8). 
Animals were killed 24 h after the last administration. 
Blood was collected from the eyeball for measurement 
of ALT, AST, and cytokine analysis. Livers were 
collected for histological assessment.

2.4. Serum ALT/AST analysis

Blood samples obtained from mice of all groups were 
allowed to coagulate for 2 h on ice. Serum was then 
isolated following centrifugation at 840 × g for 15 min. 
Serum ALT, and AST activity were measured with kits 
according to the manufacturer's instructions.

2.5. Histological examination

Portions of the liver were fixed in 10% formalin and 
embedded in paraffin. Samples were subsequently 
sectioned (5 µm) and stained with hematoxylin-eosin 
(HE) for further histological analysis. 

2.6. Cytokine antibody array

Serum cytokines were assayed by Raybio Mouse 
Cytokine Antibody Array III  according to the 
manufacturer’s instructions. This array is capable of 
simultaneously detecting 62 different cytokines with high 
specificity. Chemiluminescence signals were visualized 
by exposure to light sensitive films. Films were digitized, 
and densitometric quantifications were analyzed with 
ScanAlyze software, and then the ratio of EF/Control 
was calculated. Differentially expressed cytokines were 
defined as over 2 fold alteration between the control and 
EF-treated groups.

2.7. ELISA analysis

Serum was used for ELISA analysis according to the 
manufacturer's instructions.

2.8. Statistical analysis

The results were expressed as Means ± SEM. SPSS 18.0 
was used for statistical analysis. Significance difference 
between various groups was determined by One-Way 
ANOVA, and between two groups was evaluated by an 
independent-sample t-test. p < 0.05 was considered as 
indicating statistically significant differences.

3. Results

3.1. EF induced liver injury

As shown in Figure 1A, EF (400 mg/kg) increased 
serum ALT and AST activity (p < 0.001). Further, 
histological assessment showed normal liver shape and 
structure in control mice (Figure 1B). EF (400mg/kg)-
treated mice exhibited severe liver damage indicated by 
intrahepatic hemorrhage, lymphocyte infiltration and 
the destruction of liver structure (Figure 1B).

3.2. Distinct serum cytokine expression in normal and 
EF-treated mice

33
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To identify the cytokine biomarker for D. bulbifera-
induced liver injury, we analyzed the content of 62 
cytokines in serum by a cytokine antibody array in 
control and EF (400 mg/kg)-treated mice. Table 1 is the 
layout of the cytokine antibody array, and Figure 2 is the 
results of the array. After analyzing, as shown in Table 
2, ten cytokines were up-regulated and one cytokine was 
down-regulated over 2-fold in EF (400 mg/kg)-treated 
mice as compared to control. The up-regulated cytokines 
are CD30L, fractaline, interferon inducible monokine 
(CRG2), granulocyte macrophage colony-stimulating 
factor (GM-CSF), thymus-expressed chemokine (TECK), 
monocyte chemoattactant protein 5 (MCP-5), IL-4, IL-

Figure 1. EF induced liver injury. (A) ALT and AST 
activity. Data are expressed as means ± SEM (n = 8 for 
control and n = 7 for experimental group). *** p < 0.001 
compared with control. (B) Histological observation of EF-
induced liver injury. a. Control; b. EF (100 mg/kg); c. EF (200 
mg/kg); d. EF (400 mg/kg). Typical images were chosen from 
each experimental group. (original magnification: ×100).

Figure 2. Results of cytokine antibody array. The images 
of control and EF (400 mg/kg)-treated mice in the cytokine 
antibody array. n = 8 for control and n = 7 for experimental 
group. Ta
bl
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5, IL-6, and axl receptor tyosine kinase (Axl), while the 
down-regulated cytokine is IL-3.

3.3. ELISA assay of changed cytokine

Next, ELISA assays were used to validate the change of 
those cytokines in the cytokine antibody array. Figure 
3A showed that CD30L was increased and IL-3 was 
decreased in EF (400 mg/kg)-treated mice (p < 0.05), 
which is consistent with the results of the cytokine 
antibody array. There were no obvious changes of other 
cytokines such as fractaline, CRG2, GM-CSF, TECK, 
MCP-5, IL-5, IL-6, or IL-4 (Figures 3A and 3B), which 
is inconsistent with the results of the cytokine antibody 

array. Growth arrest-specific 6 (Gas 6), the ligand for 
axl receptor tyosine kinase (Axl), was decreased in EF 
(400 mg/kg)-treated mice (p < 0.05) in the ELISA assay 
(Figure 3C).

4. Discussion

In China, D. bulbifera is traditionally used to treat 
thyroid disease. Recently, D. bulbifera has been 
found to have a good therapeutic effect for some solid 
cancers, and now is commonly used in cancer therapy 
in the clinic. However, with the increased application of 
D. bulbifera in the clinic, its induced hepatotoxicity has 
widely attracted attention. The present study shows that 
after treatment with EF isolated from D. bulbifera for 
12 days, serum ALT and AST activities were increased. 
Further, histological assessment demonstrated liver 
destruction in EF-treated mice. All of these results 
indicate the potential hepatotoxicity of D. bulbifera, 
when used for a stage treatment in cancer therapy.
 Inflammation is reported to contribute to progressive 
l iver damage induced by exogenous chemical 
hepatotoxins including drugs like acetaminophen, 
cycloheximide etc. (17-20). Cytokines are a family 
of secreted proteins that promote inflammation and 
participate in both innate and adaptive immune 
responses which play important roles in DILI 
(15,21,22). To our knowledge the present study is the 
first study using a cytokine antibody array to identify 
potential serum biomarkers for DILI. In the study, 
the primary screen using cytokine antibody array 
demonstrated 11 cytokines differentially altered after 
treatment with EF. Further, ELISA results confirmed 
that 2 cytokines were significantly changed after 
treatment with EF, which are CD30L and IL-3. The 
other 9 cytokines were not changed when measured 
by ELISA, which may be due to the limitations of 
the cytokine antibody array. There is already a report 
demonstrating that a linear response between the 
chemiluminescent signal and quantity may not always 
exist, which may lead to the false results shown in the 
cytokine antibody array (23), so further verification 
experiments such as ELISA are necessary. 

Table 2. List of differentially changed cytokines between control and EF group

Row

1,2
1,2
1,2
3,4
3,4
3,4
5,6
5,6
5,6
7,8
9,10

Column

F
H
K
C
E
M
A
B
C
C
D

Cytokine symbol (Used on array)

Axl
CD30L
CRG-2
Fractalkine
GM-CSF
IL-3
IL-4
IL-5
IL-6
MCP-5
TECK

Full name

Axl receptor tyosine kinase
CD30 ligand
Interferon inducible monokine
-
Granulocyte macrophage colony-stimulating factor
Interleukin-3
Interleukin-4
Interleukin-5
Interleukin-6
Monocyte chemoattactant protein 5
Thymus-expressed chemokine

The ratio (EF/Cont)

3.96
2.22
2.17
2.20
3.42
0.26
2.39
2.02
5.63
2.05
2.11

Figure 3. ELISA results. (A) The contents of serum CD30L, 
fractaline, IL-3, CRG-2, GM-CSF, TECK. (B) The contents 
of serum MCP-5, IL-5, IL-6, IL-4. (C) The content of serum 
Gas6. Data are expressed as means ± SEM (n = 8 for control 
and n = 7 for experimental group). * p < 0.05 compared with 
control.
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 CD30L is the ligand for CD30, which represents the 
newest member of the tumor necrosis factor receptor 
(TNF-R) family (24). Up-regulation of CD30/CD30L 
is associated with several hematological malignancies 
such as Hodgkin's disease (HD), anaplastic large cell 
lymphoma (ALCL) and subsets of Non-Hodgkin's 
lymphomas (NHL's) (25). Recently, the interaction of 
CD30/CD30L was reported to play some role in the 
crosstalk between natural killer and dendritic cells, and 
is critical for humoral immunity (26,27). Meanwhile, 
some studies demonstrate that CD30L/CD30 might be 
useful as a novel biological therapy for allergic rhinitis, 
inflammatory bowel disease, autoimmune diabetes, and 
chronic inflammatory skin diseases like psoriasis or 
atopic dermatitis (28-31). However, there is no report 
about whether there is some role of CD30L in liver 
injury. The present study found that serum CD30L was 
increased in EF-treated mice, which suggests potential 
involvement of CD30L in D. bulbifera-induced liver 
injury. This result is the first report about the potential 
role of CD30L in liver injury, and the concrete 
mechanism needs further investigation. 
 IL-3 is a key cytokine which promotes survival, 
proliferation, differentiation and maturity of bone 
marrow-derived hematopoietic stem cells, and thus 
it is widely studied to treat different states of bone 
marrow failure or hematologic malignancies (32,33). 
In addition, recent studies demonstrate that IL-3 
participates in the response of the organism to various 
types of stress (34). Although there are already reports 
about the change of IL-3 in hemorrhage or alcohol-
induced liver injury, the role of IL-3 in liver injury 
is still not clear (35,36). Our results demonstrate the 
down-regulation of serum IL-3 in EF-treated mice, 
which suggest potential involvement of IL-3 in D. 
bulbifera-induced liver injury.
 In conclusion, the present study demonstrates that 
serum CD30L and IL-3 levels were up-regulated and 
down-regulated respectively in EF-treated mice, which 
demonstrates that inflammation may contribute to the 
liver injury induced by D. bulbifera, and the concrete 
mechanism needs further investigation.
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1. Introduction

Hepatitis B virus (HBV), a member of the hepadnavirus 
(hepatotropic DNA viruses) family, infects approximate 
400 million people, making it the most common 

chronic infectious disease worldwide (1). Chronic 
HBV infection can lead to cirrhosis, liver failure, and 
hepatocellular carcinoma, accounting for more than 
a million global deaths annually (2,3). Currently, 
only several antiviral drugs, including interferon-α 
and lamivudine (3TC), have been approved for the 
treatment of hepatitis B. However, the therapeutic 
effect of interferon-α and 3TC may be accompanied by 
adverse effects and drug resistance following prolonged 
administration (4,5). Therefore, there remains an urgent 
need for alternative drugs against HBV. Traditional 
Chinese medicines (TCMs), widely used to treat 

Summary The skin of Bufo bufo gargarizans Cantor has long been used for the treatment of hepatitis B 
in China and supercritical carbon dioxide extraction (SC-CO2) is widely used in extracting 
active ingredients from natural products. The aim of present study was to assess the anti-
hepatitis B virus (HBV) effect of the supercritical CO2 extract from the skin of Bufo bufo 
gargarizans Cantor (SCE-BC). Cytotoxicity of SCE-BC was analyzed using an MTT 
[3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazolium bromide] assay in HepG2.2.15 cells. 
The hepatitis B surface antigen (HBsAg), hepatitis B e antigen (HBeAg), and hepatitis B 
core-related antigen (HBcrAg) concentrations in cell culture medium were determined by 
chemiluminescent enzyme immunoassay. HBV mRNA in cells was determined using real-
time polymerase chain reaction. SCE-BC concentrations below 10-2 μg/mL had no significant 
toxicity to HepG2.2.15 cells. SCE-BC at 10-4 μg/mL effectively inhibited the secretion of 
HBeAg by 23.36% on day 6. It was more potent than the positive control lamivudine (100 μg/
mL) in terms of the inhibition of HBeAg and HBcrAg secretion on day 6. Consistent with the 
HBV antigen reduction, HBV mRNA expression was markedly inhibited in comparison to the 
control when HepG2.2.15 cells were treated with SCE-BC. Moreover, SCE-BC had greater 
inhibitory activity with respect to HBeAg than to HBsAg. Since HBeAg promotes immune 
tolerance and persistent infection during HBV infection, the present results suggest that 
immune tolerance induced by HBeAg might be overcome by SCE-BC. Therefore, SCE-BC 
warrants further investigation.

Keywords: Hepatitis B virus, traditional Chinese medicine, Bufo bufo gargarizans Cantor, 
HepG2.2.15 cells
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hepatitis B in China and many parts of the world (6), 
could provide a great opportunity for screening safe and 
more effective anti-HBV agents. 
 The venom and skin of toad Bufo bufo gargarizans 
Cantor has long been used in TCM (7,8). Chansu, 
a preparation of toad venom, has been used for the 
treatment of canker sores, toothache, sinusitis, and local 
inflammations in China for many years (7). Cinobufacini 
(Huachansu), the aqueous extract of the Bufo bufo 
gargarizans Cantor skin, is a Chinese medicine and has 
been extensively used in clinics to treat a number of 
diseases, such as malignant tumors, chronic hepatitis 
B, and systemic and local infection (9-12). It is 
reported the negative conversion rates of HBsAg and 
HBeAg increased significantly in patients treated with 
cinobufacini compared to the control group (patients 
untreated with cinobufacini) (13). Moreover, abnormal 
serum hepatic enzyme levels significantly decreased 
after treatment. In our previous study, cinobufacini at 1 
μg/mL effectively inhibited the secretion of HBsAg and 
HBeAg by 29.58 and 32.87% in HepG2.2.15 cells on 
day 6. It was more potent than lamivudine (100 μg/mL), 
which served as a positive control (14).
 In recent years, some new techniques, including 
ultrasonic extraction and supercritical carbon dioxide 
extraction (SC-CO2), are widely used in extracting 
active ingredients from traditional Chinese medicine. 
SC-CO2 is a separation technique based on the enhanced 
solvating power of CO2 above its critical point (15). This 
technology has advantage over traditional technology 
because of the non-toxic, non-flammable characteristics 
of CO2 and its availability in high purity with low cost. 
Moreover, CO2 has low critical temperature (31.1°C) 
and low critical pressure (73.8 bar). Therefore CO2 can 
be treated as an ideal solvent for extraction of natural 
products (16). Our previous study indicates the aqueous 
extract of the Bufo bufo gargarizans Cantor skin 
cinobufacini possess significant activity against HBV 
(15). However, it is still unclear whether the supercritical 
CO2 extract from the skin of Bufo bufo gargarizans 
Cantor (SCE-BC) possess the activity against HBV. In 
the present study, in order to search and develop more 
effective anti-HBV drug, SCE-BC was investigated for 
the inhibition of HBV replication and secretion of HBV 
antigen in HBV-infected hepatocytes.

2. Materials and Methods

2.1. Drugs

SCE-BC, which was prepared by extracting 10 g of 
the toad skin with dynamic extraction using 200 mL 
CO2 at 40°C and 20 MPa followed by concentration 
to 1 mL, was obtained from Anhui China Resources 
Jinchan Pharmaceutical Co., Ltd. (Anhui, China). It 
was dissolved in dimethylsulfoxide (DMSO) as a 100 
mg/mL stock solution and kept at 4°C. 3TC was from 

Moravek Biochemicals (Brea, CA, USA) and served 
as the positive control. Dilutions of the drugs were 
performed on the day of medium change. The final 
concentration of DMSO in the samples was less than 
0.001% (v/v).

2.2. Cell culture and treatment

The human HBV-transfected cell line HepG2.2.15 (17) 
was maintained in RPMI 1640 medium supplemented 
with 10% fetal calf serum (both from Gibco-Invitrogen, 
Carlsbad, CA, USA), 100 units/mL penicillin, 100 
μg/mL streptomycin, and 200 μg/mL G418 (all from 
Sigma, St Louis, MO, USA) at 37°C in a humidified 
incubator with 5% CO2. Cells were maintained for 24 
h before treatment to reach confluence. The confluent 
HepG2.2.15 cells were treated with SCE-BC or 3TC 
at various concentrations in serum-free medium for 3 
days or 6 days. The culture medium was replaced with 
a fresh one on day 3, with or without (negative control 
conditions) different concentrations of SCE-BC or 3TC 
during the 6-day experiment.

2.3. Cytotoxicity assay

HepG2.2.15 cells were seeded in 96-well plates at a 
density of 1.5 × 104 per well and treated with different 
concentrations (10-4, 10-3, 10-2, 10-1, 1, or 10 μg/mL) of 
SCE-BC for 3 or 6 days. The cytotoxicity of SCE-BC 
was analyzed with an MTT [3-(4,5-dimethylthiazol-
2yl)-2,5-diphenyltetrazolium bromide] assay using 
the Cell Proliferation Kit I (Roche, Mannheim, 
Germany) following the manufacturer's instructions. 
Each experiment was performed in triplicate. The cell 
viability was expressed as a percentage of the control.

2.4. Measurement of HBV antigens

HepG2.2.15 cells were seeded in 6-well plates at a 
density of 4.5 × 105 per well for measurement of HBV 
antigens. After incubation with various concentrations 
of SCE-BC or 3TC for 3 or 6 days, the culture medium 
was collected, cell debris was removed, and the result 
was stored at -70°C until analysis. Hepatitis B surface 
antigen (HBsAg), hepatitis B e antigen (HBeAg), and 
hepatitis B core-related antigen (HBcrAg) in culture 
supernatants of HepG2.2.15 cells were respectively 
measured with a Lumipulse® II or I kit or HBcrAg kit 
(Fuji Rebio, Tokyo, Japan). These kits use a method 
of chemiluminescent enzyme immunoassay (CLEIA) 
based on the chemiluminescent capture of specific 
antigen–antibody reactions.

2.5. Quantification of HBV DNA in the culture medium

The HBV viral load in culture supernatants of 
HepG2.2.15 cells was quantified with a HBV DNA 
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cinobufagin in cinobufacini and SCE-BC, we performed 
HPLC. HPLC conditions: reversed-phase COSMOSIL 
Cholester C-18 column (Waters, 4.6 mm × 150 mm, 5 
µm); mobile phase, 45% acetonitrile; flow rate, 1 mL/
min; detection wavelength, 200-400 nm.

2.8. Statistical analysis 

All the items determined in this study were repeated 
at least three times, and the results were expressed as 
mean ± S.D. Statistical significance was determined 
using analysis of variance (ANOVA) or a rank sum test 
and an independent-samples t test. A value of p < 0.05 
was considered statistically significant.

3. Results

3.1. Cytotoxic effect of SCE-BC on HepG2.2.15 cell 
viability

The viabilities of the HepG2.2.15 cells in the presence 
of different concentrations of SCE-BC were examined 
with a MTT assay. The results showed that SCE-BC 
concentrations below 10-2 μg/mL had no significant 
toxicity to HepG2.2.15 cells (Figure 1). SCE-BC 
significantly inhibited the growth of HepG2.2.15 cells 
at concentrations above 10-2 μg/mL. The cytotoxicity 
of SCE-BC was examined to determine the treatment 
concentrations in the following HepG2 2.2.15 cell 
culture experiments.

3.2. Effects of SCE-BC on HBV antigens and DNA

In this anti-HBV assay, HepG2.2.15 cells were treated 
with different concentrations of SCE-BC for 3 or 6 days. 
On day 3, SCE-BC at concentrations of 10-4 and 10-2 μg/
mL had no action on HBsAg secretion in the culture 
medium (Table 1). On day 6, SCE-BC at concentrations 
of 10-4 μg/mL decreased HBsAg secretion by 8.08% 

quantitative kit (SRL, Tokyo, Japan). This kit is based on 
transcription-mediated amplification and hybridization 
protection assay (18). Briefly, a mixture of 10 μL of cell 
culture supernatants or amplification standards, Sample 
Diluent I, Sample Diluent II, and Primer Reagent and 
50 μL of oil were placed in a reaction tube. The tube 
was heated at 95°C for 10 min and then incubated at 
37°C for 5 min. Neutralization reagent and reconstituted 
amplification reagent solution were added and the 
reaction mixture was incubated at 37°C for 3 h. RNA 
amplicons were detected with a hybridization protection 
assay. The measurement range was 3.7-8.7 log genome 
equivalent/mL (LGE/mL).

2.6. Determination of HBV RNA 

Total RNA was isolated from HepG2.2.15 cells using 
Trizol reagent (Invitrogen) in accordance with the 
manufacturer's instructions. The mRNA was then 
reverse-transcribed to make cDNA using a QuantiTect 
Rev. Transcription Kit (Qiagen GmbH, Hilden, Germany) 
and oligo dT primer following the manufacturer's 
instructions. The cDNA was quantified using the 
Thermal Cycler DiceTM Real Time System (Takara, 
Shiga, Japan). The polymerase chain reaction (PCR) was 
performed using primers (synthesized by Invitrogen): 
HBV surface region F 5`-GCCAAAATTCGCAGTCC-3` 
and R 5`-ACGGGCAACATACCTT-3`; HBV core 
region F 5`-AGACCACCAAATGCCCCTAT-3` and R 
5`-GATCTTCTGCGACGCGGCGA-3`; glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) (internal control) 
F (h) 5`-AGGGGTCATTgATGGCAACAATATCCA-3` 
and R (h) 5`-TTTACCAGAGTTAAAAGCAGCCCT
GGTG-3`. Controls included water blanks and RNA 
extracts that were not subjected to reverse transcription. 
A series of dilutions of Topo-HBV plasmid containing 
HBV genes and Topo-GAPDH plasmid containing 
GAPDH cDNA were used to create standard curves 
for quantifying HBV and GAPDH mRNA levels, 
respectively. These plasmid concentrations were as 
follows (copy/μl): 102, 103, 104, 105, 106, 107, and 108. 
Taq readymix with SYBR green (Sigma, St Louis, MO, 
USA) was used to amplify and detect DNA during the 
reaction. Thermal cycling parameters for the HBV core 
region and GAPDH consisted of a hot start for 2 min at 
94°C followed by 40 cycles of 9 °C for 15 s, 60°C for 30 
s, and then 72°C for 40 s. Thermal cycling parameters 
for the HBV surface region consisted of a hot start for 
2 min at 94°C followed by 45 cycles of 94°C for 15 s, 
58°C for 30 s, and then 72°C for 30 s. Specificity of 
the polymerase chain reaction products was verified by 
melting curve analysis and agarose gel electrophoresis.

2.7. Measurement of active components resibufogenin 
and cinobufagin using HPLC 

To compare active components resibufogenin and 

Figure 1. MTT cytotoxicity assay results of SCE-BC. The 
cell viability was expressed as a percentage of the control. 
Data shown represent the mean values (± S.D.) based on 
three independent experiments. Symbols represent statistical 
significance. * p < 0.05 vs. control using a rank sum test.
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and the positive control 3TC (100 μg/mL) decreased 
HBsAg secretion by 21.88%. SCE-BC at concentrations 
of 10-4 and 10-2 μg/mL inhibited HBeAg secretion on 
day 3 and 6 (Table 2). Moreover, on day 6 SCE-BC at 
a concentration of 10-4 exhibited more potent activity 
than the positive control 3TC (100 μg/mL) in terms 
of the inhibition of HBeAg secretion. SCE-BC at a 
concentration of 10-4 decreased HBeAg secretion by 
23.36% while 3TC at 100 μg/mL reduced the secretion 
of this antigen by 20.81%. Based on this analysis, SCE-
BC has greater inhibitory activity with respect to HBeAg 
than to HBsAg. SCE-BC at concentrations of 10-4 and 

10-2 μg/mL had no action on HBcrAg secretion in the 
culture medium on day 3 (Table 3). However, on day 6 
SCE-BC exhibited more potent activity than the positive 
control 3TC (100 μg/mL) in terms of the inhibition of 
HBcrAg secretion. There were no significant differences 
between SCE-BC treatment and the control in terms of 
the HBV DNA levels in the culture medium (Table 4).

3.3. Effect of SCE-BC on HBV mRNA expression

To determine if the effects of SCE-BC on HBV antigen 
expression were induced by decreases in HBV RNA 

Table 1.  Inhibitory effect of SCE-BC on HBsAg secretion in HepG2.2.15 cells

Group

Control
3TC
SCE-BC

Dose (μg/mL)

       0
   100
   10-2

   10-4

                                  Day 3

(COI) × 102

7.09 ± 0.09
6.49 ± 0.18*
7.16 ± 0.18
7.46 ± 0.16

COI: cut-off index. Data shown represent the mean values (± S.D.) based on three independent experiments. Symbols represent statistical 
significance. * p < 0.05 vs. control.

Inhibition (%)

–
8.34

–
–

                                  Day 6

(COI) × 102

12.86 ± 0.22
10.05 ± 0.22*
13.31 ± 0.11
11.82 ± 0.10*

Inhibition (%)

–
21.88

–
  8.08

Table 2.  Inhibitory effect of SCE-BC on HBeAg secretion in HepG2.2.15 cells

Group

Control
3TC
SCE-BC

Dose (μg/mL)

       0
   100
   10-2

   10-4

                                  Day 3

(COI) × 102

1.06 ± 0.25
0.98 ± 0.29
0.89 ± 0.06
0.99 ± 0.09

COI: cut-off index. Data shown represent the mean values (± S.D.) based on three independent experiments. Symbols represent statistical 
significance. * p < 0.05 vs. control.

Inhibition (%)

–
  7.71
16.18
  6.02

                                  Day 6

(COI) × 102

1.73 ± 0.32
1.37 ± 0.17*
1.49 ± 0.08
1.32 ± 0.05*

Inhibition (%)

–
20.81
13.91
23.36

Table 3.  Inhibitory effect of SCE-BC on HBcrAg secretion in HepG2.2.15 cells

Group

Control
3TC
SCE-BC

Dose (μg/mL)

       0
   100
   10-2

   10-4

                                  Day 3

(kU/mL) × 102

18.46 ± 0.24
20.22 ± 0.05
19.34 ± 0.05
19.33 ± 0.15

Data shown represent the mean values (± S.D.) based on three independent experiments. Symbols represent statistical significance. * p < 0.05 vs. 
control. # p < 0.05 vs. 3TC (100 μg/mL).

Inhibition (%)

–
–
–
–

                                  Day 6

(kU/mL) × 102

58.46 ± 0.60
48.30 ± 0.40*
45.89 ± 0.10*,#
40.37 ± 0.12*,#

Inhibition (%)

–
17.38
21.51
30.94

Table 4.  Inhibitory effect of SCE-BC on HBV DNA release in HepG2.2.15 cells

Group

Control
3TC
SCE-BC

Dose (μg/mL)

       0
   100
   10-2

   10-4

                                  Day 3

LGE × 102

       5.4
       5.2
       5.4
       5.5

LGE/mL: log genome equivalent/mL.

Inhibition (%)

–
36.90

–
–

                                  Day 6

LGE × 102

       5.9
       5.1
       6.0
       5.9

Inhibition (%)

–
84.15

–
–
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levels, real-time PCR analysis was performed using total 
RNA isolated from HepG2.2.15 cells. When treated with 
SCE-BC at a concentration of 10-4 μg/mL for 6 days, 
inhibition of HBV mRNA was observed with a 33.64% 
reduction in the HBV surface/GAPDH mRNA ratio and 
61.06% reduction in the HBV core/GAPDH mRNA 
ratio in comparison to controls (Figure 2). These results 
showed that the HBV mRNA expression was markedly 
inhibited in comparison to the control when HepG2.2.15 
cells were treated with SCE-BC at a lower concentration. 
This finding revealed that the inhibitory effects of SCE-
BC on HBV antigens would be induced by the specific 
inhibition of HBV mRNA expression.

3.4. Content of active components resibufogenin and 
cinobufagin 

The levels of resibufogenin and cinobufagin were 

measured using HPLC (Figure 3). The concentrations 
of resibufogenin and cinobufagin in cinobufacini were 
respectively 3.20 and 1.56 µg/g of the toad skin, while 
the concentrations of resibufogenin and cinobufagin 
in SCE-BC were respectively 121.17 and 33.43 µg/
g of the toad skin. The levels of these two active 
components in SCE-BC were obviously higher than 
those in cinobufacini.

4. Discussion

The skin of toad Bufo bufo gargarizans Cantor 
(Bufonidae) has long been used in Chinese medicine 
for the treatment of hepatitis B in China (11,13,19) 
and its extract has also been considered to have the 
efficacy in the management of HBV infection (20). 
Our previous study indicates the aqueous extract of 
the Bufo bufo gargarizans Cantor skin, cinobufacini 
possess significant activity against HBV (14). In the 
present study, the anti-HBV activity of the supercritical 
CO2 extract from the toad skin was evaluated in the 
HepG2.2.15 cell line. SCE-BC at a concentration of 10-4 
μg/mL exhibited more potent activity than the positive 
control 3TC (100 μg/mL) in terms of the inhibition 
of HBeAg and HBcrAg secretion after treatment of 
HepG2.2.15 cells for 6 days. This effect of 3TC was 
consistent with that noted in a previous report (21). 
Moreover, no cytotoxicity was observed with SCE-BC 
at 10-4 μg/mL. These results clearly revealed that SCE-
BC had anti-HBV properties and that its inhibitory 
activity was not induced by cytotoxicity. Although 
SCE-BC at 10-4 μg/mL exhibited lower activity than 
cinobufacini at 1 μg/mL in terms of the inhibition of 
HBsAg and HBeAg secretion (14), the concentration 
of SCE-BC was much lower than the concentration of 
cinobufacini used to treat HepG2.2.15 cells. Moreover, 
the levels of two active components resibufogenin and 
cinobufagin in SCE-BC were obviously higher than 
those in cinobufacini. The supercritical CO2 extract 
from the toad skin produced 37-fold and 20-fold 
increase of the levels of resibufogenin and cinobufagin 
than the aqueous extract. Therefore, SCE-BC may have 
better anti-HBV effects than cinobufacini.

Figure 2. Effect of SCE-BC at a concentration of 10-4 μg/
mL on the mRNA levels of HBV from the surface and core 
regions in HepG2.2.15 cells on day 6. Data shown represent 
the mean values (± S.D.) based on three independent 
experiments. Symbols represent statistical significance. * p < 
0.05 vs. control using an independent-samples t test.

Figure 3. HPLC 3D chromatographic graph of cinobufacini and SCE-BC. (A) The concentrations of resibufogenin and 
cinobufagin in cinobufacini were respectively 3.20 and 1.56 µg/g of the toad skin. (B) The concentrations of resibufogenin and 
cinobufagin in SCE-BC were respectively 121.17 and 33.43 µg/g of the toad skin.
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 The effects of SCE-BC at a lower concentration 
(10-4 μg/mL) were more potent than those of this drug 
at a higher concentration (10-2 μg/mL) in terms of 
inhibiting HBV antigen secretion on day 6. This result 
could be explained by 18.30% of toxic effect induced 
by SCE-BC at 10-2 μg/mL on day 6. The impairment of 
cells might affect the release of HBV particles, which 
were increased.
 In the present study, SCE-BC inhibited HBV 
antigen secretion. This role may take place at 
the transcription level (22). HBV enhancers, the 
transcriptional regulatory DNA fragments, may 
mediate the transcriptional suppression by binding 
several transcription factors. Alternatively, host’s 
general transcription regulatory proteins, such as 
histone modification enzymes, epigenetic readers and 
transcription co-activators, are targeted to alter the 
transcription of a broad spectrum of host and viral genes 
(23). Therefore, the HBV mRNA level was determined 
in HepG2.2.15 cells in this study. Data demonstrated 
that in comparison to the control HBV mRNA levels 
were significantly decreased by SCE-BC. These results 
revealed that HBV antigen inhibition by SCE-BC was 
attributed to the specific inhibition of HBV mRNA 
expression. More work is needed to determine the 
mechanism of the transcriptional suppression.
 In conclusion, the present study demonstrated that 
SCE-BC blocked HBV antigen secretion in vitro. This 
role of SCE-BC might take place at the transcription 
level. Moreover, SCE-BC had greater inhibitory activity 
with respect to HBeAg than to HBsAg. Since HBeAg 
promotes immune tolerance and persistent infection 
during HBV infection (24), the present results suggest 
that immune tolerance induced by HBeAg might be 
overcome by SCE-BC. Therefore, SCE-BC warrants 
further investigation.
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1. Introduction

H7N9 avian influenza, a disease caused by the H7N9 
avian influenza virus, can lead to acute lung injury. 
In March 2013, H7N9 avian influenza was found in 
Shanghai and Anhui Province in China and recurred 
in eastern and southern China in early 2014. Human 
infection with the virus has resulted in a high mortality 
rate of about 20-30% according to recent data (1). 
Human infection with H7N9 avian influenza has 
received a great deal of attention from China's Ministry 
of Health and the World Health Organization. In the 

early stages of H7N9 influenza, patients have flu-like 
symptoms such as a fever, coughing, and headaches. 
Some patients have more severe symptoms, such 
as a high fever that remains above 39°C, expiratory 
dyspnea, hemoptysis, and acute lung injury; patients 
usually die of acute respiratory distress syndrome 
caused by respiratory failure (2). 
 Acute lung injury (ALI) is characterized by acute 
hypoxemic respiratory failure with several potential 
causes, including trauma, shock, viruses, and bacterial 
endotoxins (3). ALI can lead to injury of alveolar 
epithelial cells and capillary endothelial cells and 
diffuse pulmonary interstitial and alveolar edema. When 
lung tissue is affected by a virus or bacterial endotoxin, 
G protein-coupled receptors (membrane proteins) in 
lung cells are activated. Cells are increasingly exposed 
to intracellular oxidative stress and the downstream 

Summary This study sought to investigate the protective effect of an alternative medicine, Shufeng 
Jiedu Capsule, in acute lung injury and inflammation signaling pathways related to that 
action. Hematoxylin and eosin (HE) staining was used to observe pathological changes in 
rat lung tissue, arterial blood was subjected to blood gas analysis and lactic acid levels were 
determined, immunofluorescent staining for interleukin-1β (IL-1β) was performed, enzyme 
linked immunosorbent assay (ELISA) was used to detect biomarkers of the nuclear factor-
κB (NF-κB) inflammation pathway including IL-1β and tumor necrosis factor α (TNF-α), 
biomarkers of the mitogen-activated protein kinase (MAPK) signal pathway including 
P-selectin, transforming growth factor β (TGF-β), keratinocyte-derived chemokine (KC), and 
C-Jun/AP-1 were measured, and real-time PCR was used to detect NF-κB mRNA. Results in 
rats with lipopolysaccharide-induced acute lung injury suggested that Shufeng Jiedu Capsule 
may increase the partial pressure of oxygen in lung tissue, decrease lactic acid levels, inhibit 
inflammatory factors such as IL-1β and TNF-α, and suppress the levels of P-selectin, TGF-β, 
KC, C-Jun/AP-1, and NF-κB mRNA. Thus, Shufeng Jiedu Capsule is a traditional medicine 
that may alleviate acute lung injury by suppressing the MAPK/NF-κB signaling pathway.

Keywords: Acute lung injury, Shufeng Jiedu Capsule, dexamethasone, rat model, MAPK/NF-κB 
signaling pathway
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inflammatory pathway is triggered, leading to ALI (4,5). 
 Dexamethasone (DXMS) is a type of synthetic 
glucocorticoid and is a routine medication to control 
the inflammatory response (6). DXMS alleviates 
hypernomic inflammation and injury by inhibiting 
NF-κB activity. However, there is disagreement as to 
the clinical value of DXMS since it cannot improve 
prognosis in the early stages (7). Thus, only a small dose 
of DXMS is recommended to treat advanced cases of 
fibrosis. DXMS causes several adverse reactions such as 
decreased immune function, blood pressure and blood 
glucose fluctuations, hemorrhaging of the digestive tract, 
and femoral neck necrosis (8,9). Thus, there is an urgent 
need for an alternative in clinical settings. 
 Shufeng Jiedu Capsule (SFJDC) is a traditional 
Chinese medicine that is mainly used to treat upper 
respiratory tract infections such as the flu, swelling 
and pain in the throat, mumps, and strep throat (10). A 
previous study has suggested that SFJDC can inhibit 
viruses such as Adv-7, RSV, HSV-1, and the flu virus and 
bacteria such as Staphylococcus aureus, Staphylococcus 
epidermidis, and Pseudomonas aeruginosa (11). In 
China, SFJDC has been listed as drug to combat avian 
influenza. Studies have reported that active constituents 
of SFJDC such as resveratrol and quercetin may alleviate 
inflammation by suppressing the mitogen-activated 
protein kinase (MAPK)/nuclear factor-κB (NF-κB) 
signaling pathway (12-14). However, few studies have 
examined the effect of SFJDC on cellular signaling 
pathways. Thus, the current study sought to explore the 
effect of treatment with DMXS and SFJDC in rats with 
lipopolysaccharide (LPS)-induced ALI.

2. Materials and Methods

2.1. Materials

Endotoxin was purchased from Sigma Aldrich (St. 
Louis, MO, USA). SFJDC were purchased from Jiren 
Pharmaceutical (Anhui, China). A real-time PCR kit 
and enzyme linked immunosorbent assay (ELISA) kit 
for interleukin-1β (IL-1β) were purchased from Univ-
Bio (Shanghai, China). ELISA kits for P-selectin, 
transforming growth factor β (TGF-β), tumor necrosis 
factor α (TNF-α), C-Jun/AP-1, and keratinocyte-derived 
chemokine (KC) were purchased from Shanghai United 
Cell Biotechnology Corporation (Shanghai, China).

2.2. Animals

Eighty specific-pathogen-free male Sprague-Dawley 
rats weighing 250 ± 20 g were purchased from Fudan 
University's Animal Research Center (Shanghai, 
China). ALI model rats were induced by intraperitoneal 
injection of 10 mg/kg LPS. Rats were randomly divided 
into four groups: a saline control group, rats with LPS-
induced ALI, rats with LPS-induced ALI that were 

treated with dexamethasone (DXMS), and rats with 
LPS-induced ALI that were treated with SFJDC. There 
were 20 rats in each group.
 The saline control group and rats with untreated 
ALI were administered 2 mL/kg saline. Rats treated 
with DXMS were intraperitoneally injected with 
dexamethasone 5 mg/kg, and rats treated with SFJDC 
were intragastrically administered SFJDC 100 mg/kg. The 
above treatments were given once daily and continued 
for 7 days. On day 1, day 3, day 5, and day 7, rats were 
anesthetized with ether and sacrificed. Tissue specimens 
were taken from 5 random rats in each of the 4 groups. 
Arterial blood was collected and the lungs were removed. 
Tissue of the right lower lung was preserved in liquid 
nitrogen. The left lung was fixed in 40% paraformaldehyde 
and then sliced into paraffin sections. These paraffin 
sections were used in hematoxylin and eosin (HE) staining 
and confocal laser scanning microscopy (Leica TCS SP8, 
Solms, Germany) of IL-1β fluorescence.

2.3. ELISA assay for IL-1β, P-selectin, TGF-β, TNF-α, 
KC, and C-Jun/AP-1

The right lower lung was removed from liquid nitrogen, 
washed with cold saline, and dried with filter paper. 
One hundred mg of lung tissue was made into a 
homogenate with cold saline. ELISA was used to detect 
levels of IL-1β, P-selectin, TGF-β, TNF-α, KC, and 
C-Jun/AP-1 expression in this homogenate. 

2.4. Real-time PCR detection of NF-κB mRNA

Total RNA was collected using Trizol (Gibco-BRL, 
Gaithersburg, USA). cDNA was prepared using a 1-step 
PCR kit (Promega, USA) and PTC-200 PCR device (MJ 
Research, USA). The primer sequence was as follows: 
rGAPD (5'-AGTGCCAGCCTCGTCTCATAG-3' 
and 5'-CGTTGAACTTGCCGTGGGTAG-3'). The 
primer had a melting temperature (Tm) of 59°C. 
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) 
served as an internal reference. PCR products were 
analyzed using Quantity One software (Bio-Rad, 
Hercules, USA).

2.5. Confocal laser scanning imaging

Tissue slices were washed 3 times with PBS, fixed 
in methanol for 30 min, washed 3 times with PBS, 
denatured with HCl for 40 min, washed 3 times with 
PBS, blocked with sheep serum for 30 min, washed 3 
times with PBS, and incubated with IL-1β monoclonal 
body overnight. Slices were washed 3 times with PBS 
and incubated with the secondary antibody. Confocal 
laser scanning microscopy (Leica TCS SP8, Solms, 
Germany) was used to observe fluorescence. 

2.6. Statistical analysis

46
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milder in rats treated with SFJDC.

3.2. Immunofluorescent staining for IL-1β

As shown in Figure 2, the saline control group had 
no obvious green fluorescence for IL-1β, indicating 

Data were analyzed using SPSS 18.0 software and are 
presented as the mean ± standard deviation (S.D.). A 
homogeneity of variance and a normal distribution were 
verified. Once data were found to have a homogeneity 
of variance and a normal distribution, one-way ANOVA 
was performed. If results were statistically significant, a 
pair-wise comparison was done using the least significant 
difference test. A p < 0.05 was considered statistically 
significant.

3. Results

3.1. Morphological changes in lung tissue

As shown in Figure 1, lung tissue from rats with untreated 
ALI had severe alveolar exudation, hemorrhaging, 
edema, small airway collapse, and necrosis of airway 
epithelial cells on day 1. Exudation and hemorrhaging 
were not noted in tissue from rats treated with DXMS 
and rats treated with SFJDC. Lung tissue retained its 
basic structure, and the inflammatory response was 
milder in rats treated with DXMS or SFJDC than in rats 
with untreated ALI. On day 3, more severe inflammation 
was noted in lung tissue from rats with untreated ALI 
with obvious exudation and destruction of alveolar 
structures. Rats treated with DXMS and rats treated with 
SFJDC also had inflammation but alveolar structures 
remained and inflammation was mild. Rats treated with 
SFJDC had milder inflammation than rats treated with 
DXMS. On day 5 and day 7, inflammation had subsided 
in all of the rats. The inflammatory response was much 

Figure 2. Confocal laser scanning microscopy image of rat 
lung tissue. Rat lung tissue sections were labeled with IL-1β 
(Green) and were then observed using confocal laser scanning 
microscopy. (A): saline control group; (B): rats with untreated 
ALI; (C): rats treated with Shufeng Jiedu Capsule; (D): rats 
treated with dexamethasone.

Figure 1. HE staining of rat lung tissue. D1: day 1; D3: day 3; D5: day 5; D7: day 7.
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a very low level of IL-1β. Rats with untreated ALI 
had significant green fluorescence. Compared to the 
saline control group, rats treated with SFJDC and rats 
treated with DXMS had green fluorescence, indicating 
an increased level of IL-1β. Green fluorescence was 
markedly less intense than that noted in rats with 
untreated ALI, indicating that SFJDC and DXMS had 
decreased the level of IL-1β.

3.3.  Blood gas analysis of arterial blood and 
determination of lactic acid levels

As shown in Figure 3, the partial pressure of oxygen 
remained between 107-113 mmHg in the saline control 
group. On day 1, day 3, day 5, and day 7, the partial 
pressure of oxygen increased gradually from 60 
mmHg to 86 mmHg in rats with untreated ALI. The 
partial pressure of oxygen generally increased from 
64 mmHg to 103 mmHg in rats treated with SFJDC 
and it increased slightly from 54 mmHg to 76 mmHg 
in rats treated with DXMS. These results indicate that 
rats treated with SFJDC had a higher partial pressure of 
oxygen than did rats with untreated ALI on day 5 and 
day 7. However, rats treated with DXMS had a lower 
partial pressure of oxygen than rats did with untreated 
ALI at these two times. On day 1, day 3, day 5, and day 7, 
the lactic acid level in the saline control group remained 
between 2.6-2.8 mmol/L. The lactic acid level ranged 

from 6.8 mmol/L to 3.8 mmol/L in rats with untreated 
ALI, from 5.7 mmol/L to 2.7 mmol/L in rats treated 
with SFJDC, and from 6.3 mmol/L to 4.4 mmol/L in rats 
treated with DXMS. SFJDC markedly reduced the level 
of lactic acid on day 3, day 5, and day 7 (p < 0.05) in 
comparison to that in rats with untreated ALI. However, 
there was no evidence of a decrease in the level of lactic 
acid in rats treated with DXMS.

3.4. Results of ELISA detection of IL-1β, TNF-α, P-selectin, 
TGF-β, KC, and C-Jun/AP-1

As shown in Figure 4, ELISA was used to determine 
levels of IL-1β, TNF-α, P-selectin, TGF-β, KC, and 
C-Jun/AP-1 in each group at different times. The level 
of IL-1β remained between 300-325 pg/mL in the 
saline control group. The level of IL-1β ranged from 
809 to 557 pg/mL in rats with untreated ALI, from 
761 to 376 pg/mL in rats treated with SFJDC, and 
from 715 to 399 pg/mL in rats treated with DXMS. 
Compared to rats with untreated ALI, rats treated with 
SFJDC had an obvious decrease in the level of IL-1β 
on day 3, day 5, and day 7 (p < 0.05). There were no 
significant differences in the level of IL-1β for rats 
treated with SFJDC and rats treated with DXMS. The 
level of TNF-α remained between 4.0-4.9 pg/mL in the 
saline control group. The level of TNF-α ranged from 
15.5 to 12.8 pg/mL in rats with untreated ALI, from 

Figure 3. Partial pressure of oxygen and lactic acid levels. 
The partial pressure of oxygen and lactic acid levels in arterial 
blood from rats were measured. (A): measurement of the 
partial pressure of oxygen; (B): determination of lactic acid 
levels. Gc: saline control group; Gl: rats with untreated ALI; 
Gs: rats treated with Shufeng Jiedu Capsule; Gd: rats treated 
with dexamethasone.

Figure 4. ELISA detection of IL-1β, TNF-α, P-selectin, 
TGF-β, KC, and C-Jun/AP-1 in rat lung tissue. Levels 
of IL-1β (A), TNF-α (B), P-selectin (C), TGF-β (D), KC 
(E), and C-Jun/AP-1 (F) expression in rat lung tissue were 
detected using ELISA. Gc: saline control group; Gl: rats with 
untreated ALI; Gs: rats treated with Shufeng Jiedu Capsule; 
Gd: rats treated with dexamethasone.
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15.5 to 5.5 pg/mL in rats treated with SFJDC, and 
from 14.3 to 7.4 pg/mL in rats treated with DXMS. 
Compared to rats with untreated ALI, rats treated with 
SFJDC had an obvious decrease in the level of TNF-α 
on day 3, day 5, and day 7 (p < 0.05). There were no 
significant differences in the level of TNF-α for rats 
treated with SFJDC and rats treated with DXMS. The 
level of P-selectin remained between 442-451 pg/mL 
in the saline control group. The level of P-selectin 
ranged from 574 to 517 pg/mL in rats with untreated 
ALI, from 562 to 452 pg/mL in rats treated with 
SFJDC, and from 561 to 487 pg/mL in rats treated 
with DXMS. Compared to rats with untreated ALI, 
rats treated with SFJDC had an obvious decrease in 
the level of P-selectin on day 5 and day 7 (p < 0.05). 
The level of TGF-β remained between 253-585 pg/mL 
in the saline control group. The level of TGF-β ranged 
from 1,828 to 5,466 pg/mL in rats with untreated ALI, 
from 2,595 to 1,874 pg/mL in rats treated with SFJDC, 
and from 1,712 to 2,801 pg/mL in rats treated with 
DXMS. Compared to rats with untreated ALI, rats 
treated with SFJDC had an obvious decrease in the 
level of TGF-β on day 5 and day 7 (p < 0.05). There 
were no significant differences in the level of TGF-β 
for rats treated with SFJDC and rats treated with 
DXMS. The level of KC remained between 2,215-
2,606 pg/mL in the saline control group. The level of 
KC ranged from 13,666 to 10,148 pg/mL in rats with 
untreated ALI, from 12,099 to 5,034 pg/mL in rats 
treated with SFJDC, and from 12,400 to 6,309 pg/
mL in rats treated with DXMS. Compared to rats with 
untreated ALI, rats treated with SFJDC had an obvious 
decrease in the level of KC on day 3, day 5, and day 
7 (p < 0.05). There were no significant differences 
in the level of KC for rats treated with SFJDC and 
rats treated with DXMS. The level of C-Jun/AP-1 
remained between 3,426-3,676 pg/mL in the saline 
control group. The level of C-Jun/AP-1 ranged from 

4,551 to 6,644 pg/mL in rats with untreated ALI, from 
4,780 to 5,341 pg/mL in rats treated with SFJDC, and 
from 4,426 to 5,727 pg/mL in rats treated with DXMS. 
Compared to rats with untreated ALI, rats treated with 
SFJDC had an obvious decrease in the level of C-Jun/
AP-1 on day 3, day 5, and day 7 (p < 0.05). There 
were no significant differences in the level of C-Jun/
AP-1 for rats treated with SFJDC and rats treated with 
DXMS.

3.5. Level of NF-κB mRNA expression

As shown in Table 1, the level of NF-κB mRNA 
expression in rat lung tissue was determined using real-
time PCR and was analyzed using the 2-ΔΔCt method. 
The mean value of nucleic acid fluorescent intensity was 
first determined. The mean value for the control group 
was subtracted from the mean value for an experimental 
group, and the difference was squared. The resulting 
values reflected a relative change in mRNA expression. 
The level of expression remained at around 2.0 in the 
saline control group, it increased from 1.80 (day 1) to 
5.99 (day 3) and then decreased to 3.14 (day 7) in rats 
with untreated ALI, it increased from 1.5 (day 1) to 2.19 
(day 3) and then decreased to 1.37 (day 7) in rats treated 
with SFJDC, and it increased from 2.57 (day 1) to 2.95 
(day 3) and then decreased to 1.83 (day 7) in rats treated 
with DXMS. Compared to rats with untreated ALI, rats 
treated with SFJDC had an obvious decrease in the level 
of NF-κB mRNA (p < 0.05).

4. Discussion

According to previous studies, DXMS may alleviate 
the inflammatory response by suppressing the MAPK/
NF-κB signaling pathway. Numerous studies have 
indicated that the active constituents of SFJDC, such 
as resveratrol, quercetin, and other flavonoids, inhibit 

Table 1. Level of NF-κB mRNA expression in rat lung tissue

Day

1
3
5
7

Saline control

2.18 ± 0.95
1.80 ± 0.28
2.14 ± 0.69
2.15 ± 0.70

Rats with untreated ALI

1.80 ± 0.58*

5.99 ± 1.37*

4.22 ± 1.08*

3.14 ± 0.70*

* p < 0.05; rats with untreated ALI vs. saline control; # p < 0.05 rats treated with SFJDC vs. rats with untreated ALI.

Rats treated with SFJDC

1.50 ± 0.36#

2.19 ± 0.62#

1.84 ± 0.29#

1.37 ± 0.13#

Rats treated with DXMS

2.57 ± 0.65
2.87 ± 1.06
2.95 ± 0.92
1.83 ± 1.09

Table 2. Active constituents of Shufeng Jiedu Capsule and responding signaling pathways

Herb

Polygonum cuspidatum

Forsythia suspensa
Bupleurum chinense DC.
Glycyrrhiza uralensis

Constituent type

stilbene
anthraquinone

flavonoid
flavonoid
flavonoid
flavonoid

Constituent

resveratrol
emodin
rhein
quercetin
rutin
kaempferol and quercetin
liquiritigenin and liquiritin

Anti-inflammation pathway

NF-κB pathway and PI3K pathway
MAPK and NF-κB pathway
MAPK and NF-κB pathway
MAPK and NF-κB pathway
NF-κB pathway
MAPK and NF-κB pathway
NF-κB pathway

Ref.

(12)
(15)
(19)
(13)
(20)
(16,13)
(17)
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the MAPK/NF-κB signaling pathway in several cell 
lines (Table 2) (15-21). The current study sought to 
investigate whether SFJDC could provide protection 
from ALI by inhibiting inflammatory signaling 
pathways. 
 NF-κB is a key factor in the inflammatory response 
and is involved in the development of ALI (22,23). 
When patients are affected by trauma, shock, a virus, 
or a bacterial endotoxin, the NF-κB signaling pathway 
is activated. Inflammatory cells such as neutrophil 
granulocytes and macrophages are subsequently 
triggered, inflammatory mediators such as IL-1β and 
TNF-α are released, and oxidative stress is promoted 
(24,25). IL-1β and TNF-α may serve as biomarkers of the 
NF-κB inflammatory pathway. A previous study using 
DXMS as a positive control determined levels of IL-
1β and TNF-α to assess the protective effect of SFJDC 
in a rat model of LPS-induced ALI (26). Confocal laser 
scanning imaging revealed an obvious decrease in the 
levels of IL-1β in both rats treated with SFJDC and rats 
treated with DXMS compared to rats with untreated 
ALI. This finding suggests that SFJDC may alleviate 
inflammation by inhibiting IL-1β in the NF-κB signaling 
pathway. Real-time PCR indicated that expression of NF-
κB mRNA was effectively suppressed in rats treated with 
SFJDC in comparison to that in rats with untreated ALI 
(p < 0.01). Thus, SFJDC may alleviate ALI by inhibiting 
the NF-κB-dependent inflammatory response.
 MAPKs (also known as MAP kinases) are serine/
threonine/tyrosine-specific protein kinases belonging to 
the CMGC (CDK/MAPK/GSK3/CLK) kinase group, 
and the P38δ MAPK receptor is expressed at high levels 
in lung tissue (27). MAPK phosphorylation is associated 
with activation with NF-κB in the inflammatory response 
(28). MAPKs function in stress, inflammation, tumor, 
cell growth, differentiation, apoptosis, and fibrosis. 
P-selectin, TGF-β, KC, and C-Jun/AP-1 are involved 
in the MAPK signaling pathway, and they may serve as 
biomarkers of the MAPK pathway (29-32). An ELISA 
assay revealed that rats treated with SFJDC had a more 
obvious decrease in the level of P-selectin, TGF-β, KC, 
and C-Jun/AP-1 in lung tissue in comparison to rats with 
untreated ALI (p < 0.01). This indicates that SFJDC 
may alleviate LPS-induced stress injury, decrease lung 
cell apoptosis, and protect lung tissue by inhibiting the 
MAPK signaling pathway. 
 The pathology of rat lung tissue was observed 
using HE staining. Like rats treated with DXMS, rats 
treated with SFJDC had a much milder inflammatory 
response than rats with untreated ALI. Blood gas 
analysis of arterial blood and determination of lactic 
acid levels indicated that rats treated with SFJDC had 
an obvious increase in the partial pressure of oxygen 
and a lower lactic acid level than rats with untreated 
ALI. Thus, SFJDC effectively decreased the hypoxia-
induced inflammatory response and protected lung 
tissue. In conclusion, this study revealed that SFJDC 

alleviates LPS-induced inflammation in a rat model 
by suppressing the MAPK/NF-κB signaling pathway. 
Thus, SFJDC might serve as an alternative medication 
to inhibit inflammation in different organs and SFJDC 
has great potential for wide clinical use.
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1. Introduction

Among infectious diseases in China, Acquired Immune 
Deficiency Syndrome (AIDS) has recently become the 
leading cause of death, and the number of AIDS-related 
deaths is significantly higher than that due to any 
other infectious disease (1). Epidemiological reports 
of Human Immunodeficiency Virus (HIV)/AIDS from 
the United States, Brazil, and South Africa have been 
published (2-6). At present, there are several regional 
reports on the incidence of HIV/AIDS in China (7-
9), but national reports of the clinical epidemiology of 
HIV/AIDS are rare. Therefore, HIV/AIDS prevention 
and control poses a challenge in China due to the lack of 
complete and accurate information on the epidemiology 
of HIV/AIDS. The current study retrospectively 

analyzed the HIV/AIDS morbidity, mortality, and case 
fatality rates, as well as hospital discharges in China 
from 2004 to 2011, to determine the distribution and 
characteristics of the HIV/AIDS population and provide 
further information on and guidance for HIV/AIDS 
prevention and control in China and the rest of the 
world.

2. Materials and Methods

2.1. Data sources

Most of the data in this study were obtained from the 
"China Public Health Statistics Yearbook (2005-2012)." 
The number of patients hospitalized each year and 
treatment outcomes were obtained from the "Statistical 
Annual Report of Medical Service in China." Data 
regarding morbidity, mortality, and fatality rates of 
infectious diseases were obtained from Annual Statistics 
on Infectious Diseases that Must be Reported by Law in 
the "Chinese Public Health Statistical Yearbook." These 
data were collected from a total of 31 regions in China 
and excluded Hong Kong and Macao.

Summary This study retrospectively analyzed Chinese publicly reported data on Human 
Immunodeficiency Virus/Acquired Immune Deficiency Syndrome (HIV/AIDS). The HIV/
AIDS morbidity (1/100,000) and mortality (1/100,000) rates in China continually increased 
from 0.23 and 0.06 in 2004 to 1.53 and 0.69 in 2011, respectively. The AIDS case fatality 
rate decreased yearly from 53.57% in 2008 to 45.11% in 2011, and the fatality rate in rural 
areas (0.25-0.42%) was higher than that in cities (0.13-0.22%). The number of HIV/AIDS 
patients discharged from city-level hospitals increased from 329 in 2004 to 7,266 in 2011, 
and this number was higher than the number of similar patients discharged from county-
level (rural) hospitals (the number of HIV/AIDS patients increased from 252 in 2004 to 5,957 
in 2011). The factors contributing to these trends include: enhanced physician HIV/AIDS 
education regarding diagnosis, intervention, monitoring, testing, and treatment; improved 
safety of blood collection and use; and improved management of HIV/AIDS patients. 
Therefore, HIV/AIDS prevention and control in rural areas of China is the key to reducing 
HIV transmission and mortality in China.
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2.2. Definitions

Morbidity from infectious diseases that must be 
reported by law = number of cases of infectious 
diseases that must be reported by law/population × 
100,000.
 Mortality from infectious diseases that must be 
reported by law = number of deaths from infectious 
diseases that must be reported by law/population × 
100,000.
 Fatality rate from infectious diseases that must be 
reported by law = number of deaths from infectious 
diseases that must be reported by law/number of cases 
× 100%. 
 Age-specific mortality among males (females) = 
number of deaths among males (females) of a certain 
age group/average male (female) population of the 
same age group. 
 The number of discharged patients refers to the 
number of inpatients who were discharged from acute 
care hospitals. 
 Urban and rural area classification: urban areas 
include municipalities and prefecture-level cities while 
rural areas include counties and county-level cities, 
towns, and villages. 
 Urban and rural populations were calculated 
according to "Regulations on Statistical Classification 
of Urban and Rural Areas (draft)" released by the 
National Bureau of Statistics in 1999.
 Population refers to the total number of living 
individuals within a certain area at a certain time point.

2.3. Statistical analysis

Data were analyzed using the Statistical Package for the 
Social Sciences (SPSS) version 19.0. A chi-square (χ2) 
test was performed, and the mean ± standard deviation 
(S.D.) was determined.

3. Results

3.1. HIV/AIDS in China

The HIV/AIDS morbidity, mortality, and fatality rates 
per year were first determined based on the the total 
population of China for that year, and then the p value 
was calculated using a Chi-square (χ2) test. The HIV/
AIDS morbidity rate (1/100,000) and mortality rate 
(1/100,000) continually increased in China from 2004 
to 2011 (p < 0.01). The AIDS fatality rate (%) increased 
from 2004 to 2008 and then decreased yearly from 
2009 to 2011 (p < 0.01; Figure 1).
 Statistical analysis of data from 31 regions in China 
from 2004−2011 indicated the following: i) The regions 
with the highest HIV/AIDS morbidity rates were Henan 
Province from 2004 to 2006, Guangxi Province from 
2005 to 2011, and Yunnan Province from 2006 to 2011. 

ii) The regions with the highest HIV/AIDS mortality 
rates were Henan Province from 2004 to 2009, Yunnan 
Province from 2007 to 2011, and Guangxi Province 
from 2009 to 2011. iii) The areas with the highest 
HIV/AIDS fatality rates included Gansu Province 
(90.91%) in 2004, Jiangxi Province (66.13%) in 2005, 
Gansu Province (80%), and the Ningxia Autonomous 
Region (100%) in 2006, Henan Province in 2008, 
the Inner Mongolia Autonomous Region (100%) in 
2009, Henan and Hainan provinces (100%) in 2010, 
and Hainan Province (72.92%) in 2011. Regions with 
low HIV/AIDS fatality rates included Tibet (0%) in 
2007 and Beijing (12.68%) in 2008. In addition, the 
regions with HIV/AIDS morbidity and mortality rates 
above the national averages were Xinjiang, Sichuan, 
and Chongqing from 2009 to 2011 (Table 1), while 
Shanghai had an HIV/AIDS morbidity rate above the 
national average from 2010 to 2011.

3.2. HIV/AIDS mortality rate

The HIV/AIDS mortality rate among Chinese residents 
from 2004 to 2011: The HIV/AIDS mortality rate in 
rural areas was higher than that in urban areas of China. 
In addition, the HIV/AIDS mortality rate among men 
was higher than that among women (p < 0.01; Figure 2).

3.3. Hospitalization of HIV/AIDS patients in China

Distribution by age groups. HIV/AIDS patients 
discharged from Chinese hospitals from 2004 to 2011 
fell primarily into three age groups: 15-44 years, 45-
59 years, and 60 years and older. The proportion of 
HIV/AIDS patients who were younger decreased 
from 72.7% in 2004 to 55.5% in 2011, the proportion 
of middle-aged patients increased from 18.3% to 
27.1%, and the proportion of elderly patients increased 
from 6.6% to 15% (Figure 3). Men accounted for the 
majority of HIV/AIDS patients among individuals aged 
60 years and older (p < 0.01).
 Differences between rural and urban areas. From 
2004 to 2011, the number of HIV/AIDS patients 
discharged from city-level hospitals was higher than 
that of HIV/AIDS patients discharged from county-
level (rural) hospitals (p > 0.05) (Figure 4).

53

Figure 1. The HIV/AIDS morbidity (1/100,000), mortality 
(1/100,000), and fatality rates (%) in China from 2004−2011.
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4. Discussion

4.1. HIV/AIDS morbidity and mortality rates in China 
are continuing to increase

The high HIV/AIDS morbidity rate in Henan Province 
was mainly due to the illegal selling of blood by poor 
donors (selling blood is illegal in China). This rate has 
decreased since 2007, as the government took great 
measures to crack down on the illegal blood trade (10). 
Guangxi and Yunnan are close to the Golden Triangle 
in Burma, where injectable drug use was once the main 
source of HIV transmission, but unprotected sex has 
recently become a major source of HIV transmission 

Figure 2. Gender-specific HIV/AIDS mortality rates 
(1/100,000) in rural and urban areas of China from 
2004−2011.

Figure 3. Age-specific proportions (%) of HIV/AIDS 
patients discharged from Chinese hospitals from 2004-2011.

Figure 4. Number of HIV/AIDS patients discharged from 
Chinese hospitals from 2004-2011 (person) (total, city-level 
and county-level hospitals).
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(10). Studies in Guangxi found that most HIV/AIDS 
patients come from low-income families. HIV/AIDS 
patients in Yunnan Province primarily live in regions 
such as Honghe and Dehong (11). The HIV/AIDS 
morbidity rate continually increased in China from 
2004 to 2011, primarily due to the high morbidity rates 
in these three provinces. In addition, the HIV/AIDS 
morbidity and mortality rates in Xinjiang, Sichuan, and 
Chongqing were higher than the national averages, with 
injectable drug use and sexual activity serving as the 
main modes of HIV transmission. These issues, as well 
as an increase in men having sex with men and HIV 
transmission between married couples, lack of services 
to prevent mother-to-child HIV transmission, and an 
increased resistance to anti-HIV drugs, are common in 
these regions.
 The HIV/AIDS mortality rate in Henan Province 
decreased significantly when the morbidity rate was 
controlled, as high morbidity is always associated with 
high mortality (1). Yunnan Province is closer to Burma 
than Guangxi Province, and HIV transmission through 
transnational marriage is more common in Yunnan. The 
HIV/AIDS mortality rate continually increased in China 
from 2004 to 2011, primarily due to the high mortality 
rates in these three provinces.

4.2. The HIV/AIDS fatality rate in China has continually 
decreased since 2009

Despite the continuous increase in HIV/AIDS morbidity 
and mortality rates and the limited availability of anti-
HIV drugs in China, the HIV/AIDS fatality rate has 
been effectively controlled, as many local governments 
have made great efforts to prevent and control HIV/
AIDS. The "Four Frees and One Care" policy (free 
screening test, free treatment of poor AIDS patients, 
free schooling for orphans of AIDS patients, free 
counseling and antiretroviral therapy for pregnant 
women with HIV, and social assistance for affected 
households) is one such measure. However, some 
regions continue to suffer from a shortage of health 
care services, an increase in anti-HIV drug resistance, 
and inadequate attention to HIV/AIDS prevention 
and control, resulting in higher than national average 
fatality rates. These regions include Gansu, Ningxia, 
Inner Mongolia, and Jiangxi, where the economic 
conditions are relatively poor. The HIV/AIDS fatality 
rate increased in these provinces due to multiple 
factors, including a poor economy, a lack of health care 
services, individuals not wishing to be tested, patients 
not wishing to disclose their status, lack of early 
treatment, and opportunistic infections (12,13). Data 
from Hainan showed that high HIV/AIDS fatality rates 
increased for two years running. Therefore, the rate of 
HIV detection must increase and early treatment must 
be provided to HIV/AIDS patients in this province. 
According to current statistics, the HIV/AIDS fatality 

rates in Guangxi and Yunnan will probably increase in 
the near future. The low HIV/AIDS fatality rate in Tibet 
might be due to the low rate of HIV detection due to 
factors including its remote geographic location, health 
care conditions, and religion. Beijing is the political 
and cultural center of the country, with a booming 
economy and the country's best health care services. 
Therefore, the residents of Beijing are more aware of 
the importance of HIV prevention (10). Accordingly, 
Beijing had a low HIV/AIDS fatality rate in 2008.

4.3. Differences between HIV/AIDS patients in rural 
and urban areas

Rural areas of China are relatively poor, with high rates 
of drug use and unprotected sex. Low awareness of 
HIV/AIDS prevention and a lack of heath care service 
are more common in rural areas than in urban areas. 
HIV/AIDS typically remains undetected until the late 
stage of the disease. Therefore, the HIV/AIDS fatality 
rate in rural areas is higher than that in urban areas. 
This also means that the HIV/AIDS fatality rate is 
higher among HIV/AIDS patients who live in the poor 
regions of China.
 Although the number of hospitalized HIV/AIDS 
patients in China increased from 581 in 2004 to 13,223 
in 2011, this only accounted for a small proportion of 
the HIV/AIDS patients in China, as the number of new 
cases in China in 2011 totaled 20,450 (1). Rural areas 
had fewer hospitalized HIV/AIDS patients than did 
cities.

4.4. Availability of HIV/AIDS specialists in China

The proportion of Chinese physicians specializing 
infectious diseases dropped from 2.4% in 2005 to 
0.9% in 2011. A three-tier medical treatment system 
has been established in China where general hospitals 
are the principal care provider, specialized hospitals 
provide backup, and basic medical and health facilities 
are auxiliaries. In 2011, 39.04% of Chinese medical 
and health facilities were general hospitals and these 
facilities outnumber specialized hospitals by 6.75 to 1. 
In addition, 44.63% of practitioners worked in general 
hospitals. The proportion of medical practitioners 
caring for urban and rural populations in China 
differed, with 2.78 physicians per 1,000 individuals in 
urban areas and 0.96 physicians per 1,000 individuals 
in rural areas in 2011. There are 164 infectious disease 
hospitals and 9,307 practicing physicians in China 
in 2011, and 135 hospitals were located in cities 
while only 29 were located in rural areas. There were 
10,219,397 visits for outpatient services compared to 
662,258 hospitalizations. The number of urban HIV 
patients exceeded that of rural patients by 1.22-fold 
(1). Overall, the outlook for general hospitals is more 
hopeful than that for specialized hospitals in China. 
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A huge workload and low income are the main causes 
of the high rate of turnover for doctors working in 
infectious disease hospitals. Based on these data, China 
is clearly experiencing a severe shortage of physicians, 
particularly in rural areas where there is a higher 
demand for HIV/AIDS health care professionals.

4.5. Economic burden of HIV/AIDS care

The estimated number of HIV/AIDS patients in China 
was approximately 780,000 until the end of 2011; of 
these, only 154,000 were AIDS patients and 48,000 
were newly discovered cases (14). That means that 
approximately 578,000 cases were undetected. The 
average annual income per person in 2011 was 23,979.2 
RMB in urban areas of China and 9,833.1 RMB in 
rural areas. The hospitalization cost was 7,108.2 RMB 
per discharged HIV/AIDS patient in China in 2011 
(1). The total hospitalization cost could be as high 
as 93,990,000 RMB when calculated on the basis of 
13,223 hospitalized patients. If the total hospitalization 
cost is calculated on the basis of 154,000 HIV/AIDS 
patients, then it would be a sizable economic burden 
for China. The financial cost of HIV/AIDS treatment 
is also a major financial burden for individual patients, 
particularly for those from poor regions, as not all care 
is covered by the government.
 Hospitalized HIV/AIDS patients in China are 
primarily in the age range of 15-44 years. These young 
patients tend to work far from home, being part of 
the migrant population in cities (10,15). They may 
also transmit HIV to their sexual partners, many of 
whom might become pregnant. Not only are the life 
expectancy and quality of life of individuals with HIV 
affected, but many of their children become orphaned 
and represent a major societal burden (6,16-18).
 The number of HIV/AIDS patients aged 60 years 
and older has increased. One reason is because many 
HIV/AIDS patients who were infected with HIV at a 
younger age have become older and fallen into this 
age group. In addition, male patients account for the 
majority of patients in this age group. Men over 60 still 
desire sex, regardless of whether they are from cities 
or rural areas. However, many of these individuals lack 
awareness of HIV prevention and rarely use condoms, 
thus increasing the rate of HIV infection (10-12).

4.6. Measures taken by the Chinese Government to 
improve HIV/AIDS care

The number of hospitalized HIV/AIDS patients is 
rather low in China and most of these patients receive 
treatment at city-level hospitals. This includes some 
rural patients who cannot receive appropriate treatment 
at local hospitals due to the lack of medical resources 
and poor economic conditions. Since the majority of 
HIV/AIDS patients live in poor rural areas of China, 

controlling HIV/AIDS morbidity and mortality rates 
in rural areas is difficult since county-level hospitals 
cannot provide appropriate diagnostic and treatment 
services. Therefore, the overall HIV/AIDS epidemic 
in China will be a challenge to control, and rural areas 
should be key targets for HIV/AIDS prevention and 
control in China. Public education of HIV prevention 
should be provided to increase awareness. The 
government's "Four Free and One Care" policy (free 
screening test, free treatment for poor AIDS patients, 
free schooling for orphans of AIDS patients, free 
counseling and antiretroviral therapy for HIV-infected 
pregnant women, and care and economic assistance to 
affected households) needs to be implemented in these 
areas. Long-distance medical services and knowledge 
sharing (19,20) are also keys to HIV/AIDS control in 
China, particularly in the poor regions.
 The Chinese Government has directed great 
attention to the prevention and control of HIV/
AIDS. Although problems such as the availability 
of many commercial and free anti-HIV medications 
remain because China is a developing country, the 
Government has taken important measures to prevent 
and control HIV/AIDS in China. These efforts 
include establishing the Classification and Diagnostic 
Criteria of HIV/AIDS for Adolescents and Adults and 
publishing materials such as the "National Manual 
for Free Antiretroviral Treatment of HIV/AIDS" and 
the "Guidelines on Diagnosis and Treatment of HIV/
AIDS." In January 2012, the first 58 clinical pathways 
for diagnosis and treatment of HIV/AIDS and related 
diseases in China were recommended by the Clinical 
Pathway Pilot Project of the Ministry of Health of 
the People's Republic of China (21). At present, there 
are a total of 32 approved anti-HIV drugs from six 
major classes available in China. The recommended 
standard protocols include: highly active antiretroviral 
therapy (HAART): two nucleotide reverse transcriptase 
inhibitors (NRTIs) plus one NNRTI; or two NRTIs 
plus a boosted protease inhibitor (PI) (with ritonavir); 
and if necessary, combinations of three NRTIs. Since 
the availability of anti-HIV drugs in China is limited, 
the first-line regimen for patients who have not 
received any prior anti-virus medications is zidovudine 
(AZT) or stavudine (d4T) plus lamivudine (3TC) plus 
nevirapine (NVP) or efavirenz (EFV). For patients who 
fail to respond to the first-line regimen, the second-
line regimen is tenofovir disoproxil fumarate (TDF) 
(abacavir [ABC] for children) plus 3TC + r (22). In 
January 2012, the "Notice regarding Publication of 
China's 12-Year Action Plan to Contain and Control 
HIV/AIDS" was issued by the General Office of the 
State Council of the People's Republic of China. This 
official document stated that the number of new HIV/
AIDS cases should decrease by 25% and the fatality 
rate should decrease by 30% at the end of 2015 
compared to 2010, and the total number of HIV/AIDS 
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patients should be less than 1,200,000 (23). Local 
governments at various levels are required to expand 
HIV/AIDS education and intervention, increase the 
safety of blood collection and use to prevent iatrogenic 
transmission, expand HIV/AIDS monitoring, testing, 
and treatment, improve services for and management 
of HIV/AIDS patients, and provide classification 
guidelines. Therefore, the Chinese Government is 
clearly determined to prevent and control HIV/AIDS.
 In  conc lus ion ,  in format ion  regard ing  the 
epidemiologic features of HIV/AIDS in China and early 
outcomes of government policies is the key to controlling 
the HIV/AIDS pandemic in China. This information 
can help with HIV/AIDS prevention and control around 
the world. Effective measures to control the HIV/AIDS 
pandemic in China include taking additional measures 
to surveil and monitor HIV infection among the migrant 
worker population in cities, among men over age 60, 
and in poor regions with high HIV/AIDS morbidity 
rates (10,12,24-25).
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Stroke volume variation fail to predict fluid responsiveness in 
patients undergoing pulmonary lobectomy with one-lung ventilation 
using thoracotomy

Qiang Fu*, Feng Zhao*, Weidong Mi**, Hong Zhang

Department of Anesthesiology, General Hospital of PLA, Beijing, China.

1. Introduction

Lung-isolation techniques are primarily designed to 
facilitate One-Lung Ventilation (OLV) in patients 
undergoing thoracic, cardiac, mediastinal or esophageal 
procedures involving the chest cavity. It is essential to 
maintain optimal organ perfusion by appropriate fluid 
infusion to achieve the balance between preventing fluid 
overload and optimizing organ perfusion (1). Preload 
assessment is crucial to guide fluid therapy during 
thoracic surgery procedures. However, determining left 
ventricular preload in the clinical routine is particularly 
difficult during surgery. Filling pressures like central 

venous pressure (CVP) and pulmonary capillary wedge 
pressure (PCWP) are normally used as parameters of 
right and left heart preload. But these static indicators 
have been shown to be poor predictors of fluid 
responsiveness (2).
 A recent Vigileo/FloTrac system (Edwards Lifescience, 
LLC, Irvine, CA, USA) allows for continuous monitoring 
of the cardiac output (CO) based on pulse contour 
analysis and of the respiratory variations in stroke 
volume (SV) based on the analysis of the systemic 
arterial pressure wave. Stroke volume variation (SVV) 
is a parameter derived from changes in SV that is 
dependent on mechanical ventilation and has been found 
useful for predicting volume response in mechanically 
ventilated patients during perioperative phase (3,4). 
Only one study reported that SVV could predict 
fluid during OLV with PEEP in patients undergoing 
thoracoscopic lobectomy by using Vigileo system (5). 
However, all lobectomies in this study were performed 
under thoracoscopy in the same way. Since SVV during 

Summary The purpose of this study was to investigate the ability of stroke volume variation (SVV) 
to predict fluid responsiveness in patients undergoing pulmonary lobectomy with one-
lung ventilation (OLV). Thirty patients intubated with double-lumen tube were scheduled 
for a pulmonary lobectomy requiring OLV for at least 1 hour under general anesthesia. 
Hemodynamic variables including heart rate, mean arterial pressure, cardiac index 
(CI), stroke volume index (SVI), central venous pressure (CVP) and SVV were measured 
before and after volume expansion (VE) (8 mL/kg of 6% hydroxyethyl starch). Fluid 
responsiveness was defined as an increase in CI ≥ 10% after VE. Of the 30 patients, 16 
(53%) were responders and 14 (47%) were nonresponders to intravascular VE. There 
were significant increases of CI, SVI in responders after VE (p < 0.01), but there were no 
significant changes in SVV in responders and nonresponders (p > 0.05). The baseline value 
of SVV, CVP, CI and SVI did not correlate significantly with ΔCI (p > 0.05). The area under 
the Receiver Operating Characteristic (ROC) curve were 0.507 for SVV (95% confidence 
interval, 0.294-0.720) and 0.556 for CVP (95% confidence interval, 0.339-0.773), neither was 
able to predict fluid responsiveness with sufficient statistical power. SVV measured by the 
Vigileo-FloTrac system was not able to predict fluid responsiveness in patients undergoing 
pulmonary lobectomy with OLV after thoractomy.
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OLV could be affected by the surgical procedure, it 
is still unknown whether SVV could predict fluid 
responsiveness during OLV with the chest open via 
a thoracotomy. The aim of this study was to examine 
the suitability of the established parameter of CVP and 
especially the new parameter of SVV to predict changes 
in cardiac index (CI) in patients undergoing pulmonary 
lobectomy with OLV after thoractomy.

2. Materials and Methods

2.1. Patients characteristics

This prospective study was approved by institutional 
review board of General Hospital of PLA. All patients 
gave informed consent. From October 2009 to July 
2011, a total of 33 patients received a pulmonary 
lobectomy with OLV and intraoperative infusion 
with colloids under general anesthesia. All patients 
were diagnosed with lung cancer preoperatively by 
computerized tomography (CT) and/or magnetic 
resonance imaging (MRI). Exclusion criteria applied 
to patients younger than 18 yr, with fibrillation atrial or 
intracardiac shunt.

2.2. Anesthesia and one-lung ventilation

After the patient arrived in the operating room, routine 
monitoring including pulse oxymetry, three-lead 
electrocardiogram and non-invasive arterial pressure 
was applied. Anesthesia was induced with i.v. bolus 
administration of fentanil (3-5µg/kg), and propofol (1.5-
2 mg/kg) 2 min later. Following loss of consciousness, 
orotracheal intubation was facilitated with rocuronium 
(0.6-0.9 mg/ kg). After anesthesia induction, a double-
lumen endo-bronchial tube (Tyco Healthcare, Argyle, 
Mansfield, MA, USA) was inserted and the position 
was confirmed by fiberoptic bronchoscopy, the airway 
pressure was kept at 25-35 cm H2O. With the proper 
position of securing the airway, a radial arterial catheter 
(REFRA-04220, Arrow international Inc., Reading, PA, 
USA) was inserted and a central venous catheter (ES-
04301, Arrow international Inc., Reading, PA, USA) was 
placed through right internal jugular vein. All pressure 
transducers were zeroed at midaxillary line to ambient 
pressure and initial pressures were recorded with the 
patient in the supine position. After changing the patient's 
position to lateral decubitus, all pressure transducers 
were re-positioned at the same value of initially 
measured pressures in the supine position. Anaesthesia 
was maintained with target controlled infusion (TCI) 
of propofol (2-4 µg/mL) and continuous infusion of 
remifentanil (0.3-0.8 µg/kg/min) with bispectral index 
(BIS, Aspect 1000TM, Aspect Medical Systems Inc., 
Natick, MA, USA) kept between 40 and 50. Following 
the initiation of OLV, patients were ventilated with a tidal 
volume of 8 mL/kg ideal body weight, a ventilation rate 

of 12 cycle/min, inspired oxygen fraction (FIO2) was 1.0 
and no PEEP was applied.

2.3. Hemodynamic monitoring

A dedica ted  t ransducer  (FloTrac TM,  Edwards 
Lifesciences, LLC, Irvine, CA, USA) was connected 
to the radial arterial line on one side and to the Vigileo 
System (VigileoTM Edwards Lifesciences, LLC, Irvine, 
CA, USA) on the other side. The system enables the 
continuous monitoring of SV, stroke volume index 
(SVI), CO, CI and SVV without calibration. The 
Vigileo (Software version 1.14) analyses the pressure 
waveform 100 times per second (100 Hz), and performs 
its calculations on the most recent 20 s data. CI obtained 
with this device was recorded and used to discriminate 
responder and non-responder patients after VE. SVV 
is calculated as the variation of beat-to-beat SV from 
the mean value during the most recent 20 s data and 
is displayed continuously. At each step of the study 
protocol, the following were recorded simultaneously: 
heart rate (HR), systolic arterial pressure, mean arterial 
pressure (MAP), diastolic arterial pressure and end-
expiratory central venous pressure (CVP).

2.4. Study protocol

This study assessed the capability of SVV to predict 
fluid responsiveness during OLV. The study was 
started after finishing chest opening (thoracotomy) 
and collapsing one lung completely. During OLV, 
values of HR, MAP, CVP, SV/SVI, CO/CI and SVV 
were measured before (T0) and 30 min (T1) after 
fluid loading. Intraoperative infusion with 8 mL/kg 
of 6% hydroxyethyl starch was started when deemed 
necessary by the attending anesthesiologists, and 
completed in 30 min. Hemodynamic measurements 
were performed before, and within 30s after volume 
expansion (VE) without stimulation. All patients were 
studied at 30 min after starting OLV. During the VE, 
ventilator settings were kept consistent. If obvious 
hemorrhage (volume > 100 mL) or arrhythmias 
happened, the infusion protocol would be terminated 
and patient would be treated accordingly.

2.5. Statistical analysis 

All data are presented as mean ± S.D. Distribution 
normality was assessed using Kolmogorov–Smirnov 
test. Changes in haemodynamic measures induced 
by VE were assessed using one-way analysis of 
variance (ANOVA). Patients were divided into 
two groups according to the percent increase in CI 
after intravascular VE. Responders were defined as 
patients demonstrating an increase in CI ≥ 10% after 
intravascular VE and non-responders as patients whose 
CI changed < 10%. Receiver operating characteristic 
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values of CVP, MAP, SVI, CI and the percent change 
in CI after fluid expansion (r = -0.213, p = 0.114; r = 
0.011, p = 0.954; r = -0.202, p = 0.294; r = -0.123, p 
= 0.517, respectively). And the baseline value of SVV 
also did not correlate significantly with the change in 
CI induced by fluid expansion (r = -0.171, p = 0.367).

3.4. Dynamic indices and static indices to predict fluid 
responsiveness

The overall performance for SVV and CVP in 
predicting the responsiveness of the stroke volume to 
intravascular VE was evaluated by constructing ROC 
curves (Figure 1). The area under the ROC curve was 
0.507 for SVV (95% confidence interval, 0.294-0.720), 
the area under the ROC curve was 0.556 for CVP (95% 
confidence interval, 0.339-0.773). The ROC analysis 
showed that both SVV and CVP failed to predict fluid 
responsiveness with sufficient statistical power in 
patients undergoing pulmonary lobectomy with OLV. 
There was no significant difference in the area under 
ROC curves between SVV and CVP.

(ROC) curves were generated for SVV, SVI, CI, CVP 
and MAP. The areas under the ROC curves by varying 
the discriminating threshold for each parameter were 
calculated and compared according to the method 
described by Hanley and McNeil (6). Threshold value 
for each parameter was determined by considering 
values that yielded the greatest sensitivity and 
specificity. Pearson's test was used to test correlation. 
A p-value less than 0.05 was considered as statistically 
significant. All statistic analysis was performed using 
SPSS 15.0 software (SPSS Inc, Chicago, IL, USA).

3. Results

3.1. Patients selection

Thirty-three patients were initially included. Among 
them, three patients were excluded from analysis 
because of arrhythmia (two patients; one had ventricular 
premature contraction, one had atrial fibrillation) or 
obvious hemorrhage (one patient; bleeding > 100 
mL during volume loads) during the protocol. Thirty 
patients in this study consisted of 21 males and 9 
females from 47 to 58-year-old (mean age, 52.4 ± 4.7 
year). There was no case requiring the administration of 
vasoactive agents during volume loading, BP and HR 
were kept in normal range.

3.2. Changes in hemodynamic variables after volume 
expansion

Hemodynamic measurements in the responders and 
nonresponders at baseline and after VE are given in 
Table 1. After VE, no significant changes were found 
in the nonresponders, while in the responders, there 
were significant changes of CI (from 2.7 ± 0.6 to 3.5 
± 0.7 l/min/m2; p = 0.001), SVI (39.9 ± 15.2 to 51.6 ± 
15.8 mL/m2; p = 0.008). At the same time we observed 
no significant changes in both SVV and CVP in 
responders. Before VE, there was no difference in CI, 
SVI, CVP, MAP and SVV at baseline (Table 1).

3.3. Fluid responsiveness to fluid therapy

There were no significant correlations between baseline 

Figure. 1. ROC curve compared the SVV and CVP in 
the abilities to discriminate the responders and the non-
responders. Patients were classified as the responders to fluid 
loading, when increases in cardiac index (CI) were at least 
10%. ROC analysis showed that both SVV and CVP failed to 
predict fluid responsiveness in patients undergoing pulmonary 
lobectomy with OLV. Diagonal segments are produced by ties.

Table 2. Anti-HBV response of TCM and related active compounds in clinical trials

Values are mean ± S.D. HR, heart rate; MAP, mean arterial pressure; CI, cardiac output index; CVP, central venous pressure; SVI, stroke volume 
index; SVV, stroke volume variation. p1, volume expansion value vs. baseline value in non-responders; p2, baseline value in responders vs. 
baseline value in non-responders; p3, volume expansion value vs. baseline value in responders.

Items

HR (beat/min)
MAP (mmHg)
CI (l/min/m2)
CVP (mmHg)
SVI (mL/m2)
SVV(%)

  Baseline

71.2 ± 10.3
72.8 ± 10.6
  2.9 ± 1.0
6.89 ± 2.23
41.3 ± 13.6 
  8.6 ± 2.8

Volume expansion

     68.4 ± 11.9
     78.6 ± 8.2
       3.1 ± 1.1
     8.26 ± 3.02
     44.7 ± 16.7
       7.1 ± 2.1

   p1

0.760
0.661
0.649
0.065
0.705
0.260

  Baseline

71.9 ± 10.9
77.7 ± 12.1
  2.7 ± 0.6
6.95 ± 2.45
39.9 ± 15.2
  8.4 ± 3.1

Volume expansion

     69.7 ± 9.5
     84.8 ± 11.9
       3.5 ± 0.7
     8.34 ± 3.14
     51.6 ± 15.8
       6.9 ± 2.4

   p2

0.620
0.073
0.063
0.124
0.291
0.095

   p3

0.120
0.514
0.001
0.087
0.003
0.083
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4. Discussion

OLV is necessary in a variety of thoracic surgery to 
collapse one lung for surgical procedure. Several 
studies have demonstrated that SVV could predict 
fluid responsiveness in two-lung mechanically 
ventilated patients, and more efficiently than CI, 
CVP, MAP, which is in accordance with increasing 
evidence that static preload indicators are not suited 
for functional hemodynamic monitoring (3,4,7). Only 
one study evaluated the ability of SVV to predict fluid 
responsiveness in patients undergoing OLV, and they 
found that SVV measured by the Vigileo-FloTrac 
system was able to predict fluid responsiveness in 
patients undergoing surgery with OLV with acceptable 
levels of sensitivity and specificity. Of note, all 
surgeries were performed under thoracoscopy in the 
same way (5). With the chest opening via thoracotomy, 
whether SVV derived from Vigileo-FloTrac system 
could predict fluid responsiveness in patients with 
OLV is still unknown. In the present study, we found 
that SVV measured by the Vigileo-FloTrac system 
was not able to predict fluid responsiveness in patients 
undergoing pulmonary lobectomy with OLV after 
thoractomy.
 Several studies have found that the dynamic volume 
responsive measurements like SVV and pulse pressure 
variation (PPV) obtained with PiCCO system may 
be more suitable for monitoring the volume status of 
patients particularly under open-heart conditions during 
cardiac surgery and especially after sternotomy (8,9). 
Conversely, the others found that SVV and PPV were 
unable to predict fluid responsiveness in open chest 
condition (10,11). It has been shown that opening the 
chest via a sternotomy may result in an increase in CI 
and a decrease in SVV (9,10) .The ventilated lung is 
actually not open to the atmosphere because its pleura 
are still intact and the mediastinum separates lungs 
from the atmosphere after sternotomy. But with the 
chest opening by thoracotomy, much of the pressure 
generated by the ventilator would not be transmitted to 
the pulmonary vessels but rather to the atmosphere (5). 
So SVV could not be predictive of fluid responsiveness 
in open-chest condition after thoractomy. 
 Positive intrathoracic pressure following mechanical 
ventilation induces a reduction in left ventricular 
preload. This is reflected by variations in the SV. 
These variations during a defined interval have proven 
to be useful parameters of cardiac preload (12). But 
the ventilatory issues, such as tidal volume (13), 
positive end-expiratory pressure (14), and chest and 
lung compliance (15) may also have effects on SVV. 
SVV could predict fluid responsiveness in patients 
undergoing thoracoscopic lobectomy during OLV only 
when tidal volume is at least 8 mL/ kg (13) and with 
PEEP (14). Another study showed that PPV could 
predict fluid responsiveness in patients who received 

protective OLV with tidal volume of 6 mL/ kg, FIO2 
of 0.5 and positive end-expiratory pressure (PEEP) of 
5 cm H2O for lung surgery using thoracotomy, but not 
in patients who received conventional OLV with tidal 
volume of 10 mL/ kg, FIO2 of 1.0 and no PEEP (16). 
In this study, OLV was started with a tidal volume of 
8 mL/kg, FIO2 of 1.0 and no PEEP was applied. But 
during OLV, if the same tidal volume is applied, the 
ventilated lung is exposed to double the tidal volume 
of two-lung ventilation. This could increase right 
ventricular afterload and exaggerate the cyclic variation 
in stroke volume (17). In addition, the venous return 
could be influenced by the mechanical ventilation under 
chest opening due to the decrease in chest compliance 
and airway pressure. Previous studies have showed 
that SVV could predict fluid responsiveness in patients 
undergoing OLV only when tidal volume is at least 8 
mL/kg (13), so in this study tidal volume was set as 
8mL/kg, which had been used previously in two-lung 
ventilation (3,4) or one-lung ventilation (13). 
 Mechanical ventilation method, hypoxic pulmonary 
vasoconstriction in the non-ventilated lung and significant 
pulmonary arteriovenous shunt amount through the 
non-ventilated lung can influence the predictive value 
of SVV for fluid responsiveness, regardless of the 
patient's preload state. Due to pulmonary vascular 
resistance increasement induced by hypoxic pulmonary 
vasoconstriction in non-ventilated lung, the blood 
flowed to the ventilated-side lung (18). During OLV, 
there is a 20-30% shunt through the non-ventilated lung 
even with optimal management. This shunt amount 
does not contribute to the generation of SVV because 
there is no cyclic change of intra-thoracic pressure in 
the non-ventilated lung (19). The results showed that 
SVV before the fluid challenge in both responders 
and nonresponders was fairly normal, we speculated 
that SVV was mainly associated with pulmonary 
flow distribution, did not correlate positively with 
tidal volume. The results of our study indicate that 
SVV failed to predict fluid responsiveness in patients 
undergoing pulmonary lobectomy with OLV after 
thoracotomy. 
 Some limitations of our study should be noted. 
Firstly, we measured CO with Vigileo-FloTrac system, 
but not a calibrated thermodilution CO monitor. 
Although thermodilution is considered as the clinical 
standard method to measure CO, but CO measured 
by Vigileo-FloTrac system correlated well with that 
measured by thermodilution. And due to the cost-
effect, we did not prefer a calibrated thermodilution 
CO monitor or transesophagus echocardiograph. 
Secondly, we did not estimate shunt fraction, so could 
not draw a conclusion whether the less shunt fraction 
contributes to the bigger SVV that can predict fluid 
responsiveness. Thirdly, we could have compared two 
different ventilation strategies (i.e. lung-protective and 
conventional) to investigate SVV as a predictor of fluid 
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responsiveness during one-lung ventilation for lung 
surgery using thoracotomy, whether a clinically more 
relevant lung protective ventilation strategy would have 
yielded different results. 
 In conclusion, we evaluated the capability of 
SVV in predicting fluid responsiveness in patients 
receiving OLV. It was found that SVV measured by 
the Vigileo-FloTrac system was not able to predict 
fluid responsiveness in patients undergoing pulmonary 
lobectomy with OLV after thoracotomy.
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1. Introduction

Psoriasis is a chronic inflammatory dermatosis of 
the skin affecting as many as 1-2% of Caucasian and 
0.02-0.1% of Japanese people (1). Among them, some 
cases are thought to be accompanied with arthritis. 
Psoriatic arthritis is different from rheumatoid 
arthritis (RA) in terms of its predilection for the 
distal interphalangeal joints and negative rheumatoid 
factors (RF), and therefore is included in seronegative 
spondyloarthropathy. The arthritis is associated with 
cutaneous psoriasis in more than 90% of cases, and 
is preceded by the cutaneous lesion in 75% cases (2). 
Though treatment with monoclonal antibodies against 
tumor necrosis factor (TNF) (e.g. infliximab and 
adalimumab) or soluble TNF receptor (etanercept) have 
been in clinical use recently, the delay of treatment 
may result in the reduced quality of life and the severe 
deformities resembling the joint changes seen in RA. 
Therefore, the early detection and treatment of arthritis 
is necessary in psoriasis patients, and it is important 
to identify the pathological triggers of the arthritis. 
Until today, genetic factors, mechanical stimulations, 

infections, drugs, and immunologic factors are reported 
as triggers of psoriatic arthritis (2). Here, we report 
a female case with psoriasis whose arthritis may be 
triggered by the delivery.

2. Case reports

A 37-year-old Japanese female visited our hospital, for 
the treatment of the eruption and arthritis. There was 
no record of similar conditions in her family history. 
She had been diagnosed as having psoriasis vulgaris 
more than 20 years ago, and treated with corticosteroid 
ointments. She had never had arthralgia. She got her 
first child 3 months before the first visit, without any 
problems related to the delivery. However, she started 
to complain of arthralgia after the delivery, and the 
arthritis as well as the eruption worsened gradually. 
On physical examination, the patients had the skin 
lesions in the trunk and extremities. The each lesion 
was well-demarcated, erythematous plaque covered 
by silver-white scales (Figure 1). Neither pustules nor 
nail changes were observed. She could not stand up by 
herself because of her joint swelling and pain, which 
was present in finger, wrist, elbow, knee, and ankle 
joints.
 As laboratory findings, the white blood cell (WBC) 
count and C-reactive protein (CRP) levels was slightly 
increased at 9,000/uL and 2.07 mg/dL, respectively. 
Antinuclear antibody or anti-cyclic citrullinated 

Summary Psoriasis and psoriatic arthritis are chronic inflammatory diseases of the skin and joints, 
but the relationship between them has not been fully understood. Since the delay of 
treatment for psoriatic arthritis can result in the severe deformities, it is important to 
identify the pathological triggers of the arthritis. On the other hand, many reports suggest 
that the changes of immune balance during pre/postpartum period are associated with the 
state of autoimmune diseases. Here, we report a female case with psoriasis whose arthritis 
may be triggered by the delivery. Our report suggests that immune tolerance may diminish 
in the postpartum period, which may alter the susceptibility to arthritis. Female patients 
should be followed-up carefully during postpartum period against the development of 
arthritis.
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Figure 1. Well-demarcated, erythematous plaques covered by silver-white scales in the back (a), upper arm (b), hands (c), 
and thighs (d).

Figure 2. 99mTc-MDP bone scintigraphy showing the 
increased uptake in finger, wrist, elbow, knee, and ankle 
joints.

Figure 3. Haematoxylin and eosin (H&E) staining of 
biopsy specimen from cutaneous lesion.
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arthritis. Her Psoriasis Area and Severity Index (PASI) 
of the cutaneous lesion, DAS28-CRP and visual 
analogue scale (VAS) of the arthritis was 22.6, 3.9, and 
60, respectively.
 The patient was treated with infliximab immediately. 
After three times of administration, her eruption and 
arthritis have disappeared completely (Figure 4). The 
PASI and VAS was also improved dramatically as 
shown in Figure 5.

3. Discussion

Though the aetiology of psoriasis and psoriatic arthritis 
is multifactorial, one of the most likely pathogenic 
agents may be T cell (2). This suggestion is supported 
by many clinical studies for the treatment of psoriasis 
and psoriatic arthritis: e.g. the clinical efficacy of 
cyclosporin, a highly selective antagonist of T-cell 
proliferation and activation (2). Psoriasis has been 
regarded as the Th1-mediated disease like RA and 
Crohn disease (2-5). However, in the last few years, 
Th17, a new subset of CD4 T cells, has been identified, 
based on their production of IL-17 (6). There are 
many reports that indicate IL-17 is associated with 
the pathogenesis of psoriasis (7). In addition, it was 
reported that regulatory T cells (Treg), which suppress 
CD4 helper T cells, are impaired in many autoimmune 
diseases (8). Psoriatic Treg have also been found to 
defect the activity, which may result in the auto-reactive 
T cell activation and contribute to the pathogenesis for 
psoriasis (9). Taken together, in psoriasis and psoriatic 
arthritis, Th1 and Th17 should be predominant rather 
than Th2 and Treg, like RA.
 On the other hand, although the change of immune 
system during pregnancy has not been fully clarified, 

peptide (CCP) antibody was not detected. RF was 
also negative (7 IU/mL, normally < 20 IU/mL), and 
the serum level of matrix metalloproteinase (MMP)-
3 was not increased (32.1 ng/mL, normally < 59.7 ng/
mL). Laboratory results of other blood cell counts, 
blood chemistry analysis (including serum albumin, 
p-glucose or HbA1c), urinalysis, and chest radiography 
were within normal limits. Bone scintigraphy showed 
increased uptake in multiple joints (Figure 2), which 
were identical to the swollen and painful joints.
 A skin biopsy from the affected area revealed 
acanthosis, hypogranulosis and extensive overlying 
parakeratotic scale in the epidermis. Perivascular 
infiltration of neutrophils and lymphocytes in the 
dermis was also seen (Figure 3).
 Based on the findings of blood examination, 
bone scintigram and skin biopsy, she was diagnosed 
as having psoriasis and postpartum development of 

Figure 4. Macroscopic appearance of the back (a) and thighs (b) of the patient after three times of infliximab 
administration.

Figure 5. The time course of the changes of PASI of the 
cutaneous lesions and VAS of the arthritis during the 
treatment with infliximab, which was administered three 
times (0, second and, sixth week).
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many studies have reported a predominant Th2/Treg-
type immunity and a suppressed Th1/17-type immunity 
during normal pregnancy (10). These immunological 
changes seem to be necessary for successful pregnancy, 
because the predominance of Th1/17-type immunity 
over Th2/Treg-type immunity is observed in abortion 
patients (10). Estrogens and progesterone are known 
to inhibit Th1 immune responses including TNF-α 
and IL-12 production, while induce Th2 immune 
responses like IL-10 and IL-4 production (11). These 
hormones are significantly increased during pregnancy 
in comparison with the postpartum period. In addition, 
during pregnancy, Th1-type immunity is well controlled 
to avoid its overstimulation, probably due to the 
suppression by Treg, which are observed to increase in 
decidua (11). Furthermore, the level of IL-17 in normal 
pregnancy is lower than that in non-pregnancy, and 
Th17 is thought to be inhibited in the former condition 
(12). Taken together, in pregnancy, Th2/Treg-type 
immunity should be predominant over Th1/Th17-type 
immunity by the above changes in the hormones and 
cytokines, and the subsequent rebound of Th1/Th17 
may occur after delivery. 
 The above notions suggest that immune tolerance 
may diminish in the postpartum period, which may alter 
the susceptibility to autoimmune diseases including 
RA. Actually, postpartum onset of RA by the Th1/Th17 
activation has been well described (13). On the other 
hand, psoriasis is known to be one of the diseases which 
are improved during pregnancy (14). Furthermore, there 
is a very old report that states 6 of 20 psoriasis patients 
developed arthritis during postpartum period (15). Since 
then, however, there have been no reports describing 
similar cases. Our case is the second to suggest that the 
changes in immune balance after delivery may be the 
newly described trigger of arthritis in female patients 
with psoriasis. From this point of view, female patients 
should be followed-up carefully during postpartum 
period against the occurrence of arthritis. 
 Recent papers have shown that serum IL-17 level 
is reduced and Treg level is increased after infliximab 
treatment in psoriasis (16,17). As the limitation of 
the paper, because blood samples of the patient were 
not collected, we could not perform time course 
measurement of IL-17 levels and the number or activity 
of Treg before and during the treatment with infliximab, 
which may support our hypothesis. To confirm the 
immunologic mechanism in female patients with 
psoriatic arthritis during pre/postpartum period, further 
studies are needed in a large number of patients in the 
future.
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