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1. Introduction

The issue of  v i ra l  coinfect ion among human 
i m m u n o d e f i c i e n c y  v i r u s  ( H I V ) / a c q u i r e d 
immunodeficiency syndrome (AIDS) pat ients 

represents a growing public health concern worldwide. 
Viral coinfections among an HIV-infected individual 
may affect the disease progression of HIV/AIDS and 
may accelerate the progression of these other viral 
infections to more severe illness due to HIV coinfection 
(1-10). Among the list of viruses that are likely to be 
co-infected with HIV, hepatitis B virus (HBV), hepatitis 
C virus (HCV), herpes simplex virus including type 1 
(HSV-1) and type 2 (HSV-2), and the Epstein-Bar virus 
(EBV) are the most important coinfections among HIV/
AIDS patients due to their pathogenicity and relatively 
high prevalence in populations affected by HIV.

Original Article

Summary A cross-sectional survey was conducted to determine seroprevalence and correlates 
of coinfections of hepatitis B virus (HBV), hepatitis C virus (HCV), Epstein-Bar virus 
(EBV), herpes simplex virus including type 1 (HSV-1) and type 2 (HSV-2) among human 
immunodeficiency virus (HIV)/acquired immunodeficiency syndrome (AIDS) patients in 
China. A total of 1,110 HIV/AIDS patients from Shanxi (Central area, n = 287), Zhejiang 
(Eastern area, n = 163), Yunnan (Southwestern area, n = 300) and Xinjiang (Northwestern 
area, n = 360) provinces were analyzed. The overall seroprevalence was 6.3% for HBsAg, 
59.0% for anti-HCV IgG, 96.6% for anti-EBV IgG, 91.5% for anti-HSV-1 IgG, and 
34.1% for anti-HSV-2 IgG. Eleven (1.0%) HIV/AIDS patients were coinfected with all 
five viruses, 177 (15.9%) with four viruses, 611 (55.0%) with three viruses, 288 (25.9%) 
with two viruses, 23 (2.1%) with single virus, and 1 (0.1%) with none of the five viruses. 
Multiple logistic regression analyses indicated that neither HBV, nor EBV and HSV-1 
coinfection was associated with sociodemographic characteristics and HIV transmission 
mode, but HCV coinfection was associated with geographic region, age, gender, ethnicity, 
marital status, and HIV transmission mode, whereas HSV-2 coinfection was associated 
with geographic region, ethnicity and HIV transmission mode. This study suggests that 
HIV/AIDS patients with different regional and sociodemographic backgrounds and HIV 
transmission mode in China have different profiles of viral coinfections and should be 
subject to differential considerations in related health care programs.

Keywords: Coinfection, HSV, EBV, HBV/HCV, HIV, Chinese
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 HBV and HCV are of concerns because both 
viruses compromise liver function, which may further 
affect the metabolism and therapeutic effect of 
antiretroviral drugs (ARV) for AIDS patients (11-13). 
They are also classified as group one causative agents 
of hepatocellular carcinoma (HCC) by International 
Agency for Research on Cancer (IARC). Worldwide 
it is estimated that 10-30% of the 40 million people 
infected with HIV are co-infected with HCV due to 
similar transmission routes between HIV and HCV (14). 
In China, high prevalence of HIV and HCV coinfection 
has been reported among injection drug users (IDU) 
and plasma/blood donors (15,16).
 HSV also plays an important role in the disease 
progression of HIV infection. Chronic infection of HSV-1 
has been regarded by the World Health Organization 
(WHO) as an important factor affecting the disease 
progression of HIV/AIDS. HSV-1 infection is usually 
transmitted during childhood and adolescence and is most 
often transmitted via nonsexual contact (17). On the other 
hand, HSV-2 is most likely to be sexually transmitted and 
is the leading cause of the genital ulcer disease. Studies 
have suggested that there is a strong association between 
HSV-2 and HIV serostatus and that diagnosis of HSV-2 
infection can help to identify individuals at greater risk 
for contracting HIV (18). In China, HSV-2 infection is 
relatively uncommon in the general population but is 
very common among female sex workers (19-24).
 EBV is the causal agent of non-Hodgkin's lymphoma 
(NHL) which is an AIDS-defining malignancy. It is 
also the causal agent of Hodgkin's lymphoma (HL) 
and nasopharyngeal cancer, both of which are non-
AIDS defining malignancies but have been increasingly 
observed among HIV/AIDS patients who have 
experienced long-term immunodeficiency (25,26). EBV 
is also highly prevalent around the world (27).
 In China, there has been no study specifically 
designed to examine the seroprevalence of viral 
coinfections among HIV/AIDS patients. We hypothesize 
that multiple pathogenic viral coinfections may negatively 
impact HIV-infected individuals. Therefore, as the first 
step to test the hypothesis, we conducted a cross-sectional 
seroprevalence survey of HBV, HCV, HSV-1, HSV-2, and 
EBV among HIV/AIDS patients from four geographical 
areas representing different HIV transmission routes in 
China. The knowledge gained from this study will shed 
a light on the disease progression of HIV infection in 
Chinese populations and will be valuable for designing 
effective antiretroviral treatment (ART) programs for 
Chinese HIV/AIDS patients.

2. Materials

2.1. HIV/AIDS reporting and managing system in China

In China, it is required by law that all newly identified 
HIV-infected cases must be reported to local centers 

for disease prevention and control (CDC) first and 
then to the national CDC through the AIDS Network 
Direct Reporting Information System. The local CDC 
is also obligated to conduct a nationwide standardized 
epidemiological investigation on each newly reported 
HIV-infected case which ascertains sociodemographic 
characteristics and HIV-related risky behaviors. Once 
the HIV-infected cases are registered in the national 
reporting information system, they will be regularly 
followed up by local CDC for behavioral interventions, 
provision of health care services and social support. At 
each follow-up visit, venous blood is drawn for testing 
CD4+ cell counts as an index of disease progression. 
The data obtained from the initial and all follow-up 
epidemiological investigation, interviews and medical 
examinations constitute the patient's personal HIV/AIDS 
file or database, which is located in both local and 
national CDC.

2.2. Study sites

The present study was conducted in four regions which 
were selected to represent the overall epidemiological 
pattern of the HIV/AIDS epidemic in China: (i) Yuncheng 
city in Shanxi province in Central China where the HIV 
epidemic was first reported in 1996 and predominantly 
transmitted through plasma/blood donation or 
transfusion. By the end of 2008, 1,436 HIV/AIDS cases 
had been reported. Among them, 515 died and 715 were 
alive and traceable. (ii) Taizhou city in Zhejiang province 
in the Eastern coast of China where HIV was primarily 
transmitted through unprotected sexual behaviors. The 
first HIV case was reported in 1996. By the end of 2008, 
365 HIV/AIDS cases had been reported. Among them, 
45 died and 172 were alive and traceable. (iii) Urumqi 
city, the capital city of Xinjiang Uygur Autonomous 
Region in Northwestern China where drug injection 
and to a less extent, heterosexual transmission were the 
two major modes of HIV transmission. The first HIV 
case was reported in 1995 and by the end of 2008, 9,068 
HIV/AIDS cases had been reported. Among them, 258 
died and 1,129 were alive and traceable. (iv) Yingjiang 
county in Yunnan province in Southwestern China where 
HIV was formerly predominantly transmitted through 
injecting drugs but now is almost equally likely to be 
transmitted through drug injection or unprotected sexual 
contacts. The first HIV case in Yingjiang county was 
reported in 1990. By the end of 2008, 3,335 HIV/AIDS 
cases had been reported. Among them, 1,069 died and 
1,679 were alive and traceable.
 Each of the four sites had a qualified laboratory 
equipped with a flow cytometer for CD4+ cell counting 
of HIV/AIDS patients.

2.3. Subject selection

Due to limited resources and unaffordable expenses for 
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laboratory tests, we decided not to include all alive and 
traceable HIV/AIDS patients in these four study sites 
for this study. Instead, we selected all adult HIV/AIDS 
patients in these four study sites who visited local CDC 
for routine follow-up tests of CD4+ cell count during a 
specified two-week sample collection period for each 
site from late 2008 through early 2009. The specific 
two-week sample collection period designated to each 
site was chosen primarily based on our experience that 
it would allow for obtaining a reasonable size of the 
study sample. A total of 1,110 HIV/AIDS patients who 
visited local CDC during the sample collection period 
were included in the present study. Among them, 288 
HIV/AIDS patients were from Yuncheng city, 163 were 
from Taizhou, 360 were from Urumqi, and 300 were 
from Yingjiang. These patients shown up within the 
two-week sample collection period represented 40% of 
all alive and traceable HIV patients in Yuncheng, 95% 
in Taizhou, 32% in Urumqi, and 18% in Yingjiang, 
respectively. The low representativeness in Yingjiang, 
Yunnan province, was due to the fact that it had a large 
number of alive HIV/AIDS patients and the majority of 
them were living in remote mountainous villages and 
did not visit the local CDC as often as their counterparts 
in other areas. Sociodemographic characteristics and 
HIV transmission route of the study subjects were 
abstracted from their individual epidemiological HIV/
AIDS files. This study was approved by the Institutional 
Review Board (IRB) of the corresponding institution in 
China.

2.4. Blood testing

To avoid drop of antibody titers due to long distance 
transportation, all aliquots of serum samples were 
cryopreserved at −20°C or −70°C and tested in the 
local CDC. CD4+ cell counts were measured by 
local CDC laboratory staff using a flow cytometry 
(BD FACSCountTM; BD Biosciences, San Jose, CA, 
USA), who had been strictly trained and certified 
following the national guidelines set by the national 
center for AIDS and sexually transmitted disease 
(STD) prevention and control (NCAIDS) of China 
CDC. HBV surface antigen (HBsAg) and anti-HCV 
IgG antibody were tested using an enzyme-linked 
immunosorbant assay (ELISA) (Wantai Biological 
Pharmacy Enterprise Co., Beijing, China). HSV-1- and 
HSV-2-specific IgG antibodies were tested using the 
HerpeSelect ELISA Kit (Focus Technologies, Cypress, 
CA, USA). Anti-EBV nucleic antigen (EBNA) IgG 
antibody was tested by ELISA (Euroimmun, Lübeck, 
Germany). All above serological tests were performed 
by the same two experienced technicians from the 
key laboratory of the leading institution of this study, 
according to the manufacturers' standard protocols. 
Duplicate negative, positive and blank controls were 
always used.

2.5. Data analysis

Seroprevalence of each viral  coinfection was 
tabulated by geographic region and sociodemographic 
characteristics of study subjects, followed by chi-
squared tests to determine statistical significance. Five 
separate multiple logistic regression analyses were 
performed to identify independent sociodemographic 
correlates of HBV, HCV, HSV-1, HSV-2, and EBV 
infection respectively among HIV/AIDS patients. 
Their respective odds ratios (ORs) and 95% confidence 
intervals were calculated. All statistical analyses were 
carried out using the SAS System for Windows (Cary, 
NC, USA), version 8.0.

3. Results

3.1. Sociodemographic characteristics

Table 1 presents sociodemographic characteristics 
of the study participants. About 45.3% of the study 
subjects were between 30 to 39 years and 61.5% were 
males. The majority of them were married and almost 
a half was either illiterate or educated only at primary 
schools. All Yuncheng patients and 93.2% of Taizhou 
patients were ethnic Han, whereas 92.2% of Urumqi 
patients and 55.7% of Yingjiang patients were ethnic 
minorities. Table 1 presents a detailed description of 
their socio-demographic characteristics which varied 
significantly by geographic region.

3.2. HIV transmission mode and disease status

As shown in Table 1, the means of HIV transmission 
varied widely by geographic region. In Yuncheng 
the most frequent mode of transmission was through 
plasma/blood donation or transfusion (85.1%). In 
Taizhou the majority of transmission was heterosexual 
(69.9%), however all modes of transmission were 
reported among the sample. In Urumqi the majority 
of the transmission reported was through injection 
drug use (52.8%), however the rate of heterosexual 
transmission was also relatively high (30.0%). In 
Yingjiang injection drug use was the most common 
transmission route (50.0%), which was followed closely 
by heterosexual transmission (42.0%).
 About 42.7% of the patients were receiving ART, 
and 32.1% had 200-349 CD4+ cells/μL and 23.4% had 
less than 200 CD4+ cells/μL (Table 1).

3.3. Prevalence of viral coinfections

The overall seroprevalence was 6.3% for HBV, 59.0% 
for HCV, 96.6% for EBV, 91.5% for HSV-1, and 
34.1% for HSV-2 (Table 2). The seroprevalence of 
all five viruses except for HBV varied significantly 
by geographic region, most sociodemographic 

3
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the five viruses. The most common combination of 
coinfections was with HCV, EBV, and HSV-1, which 
accounted for 36.8% of study subjects (Table 3).

3.5. Correlates of viral coinfections

The results of multiple logistic regression analyses were 
shown in Table 4. Sociodemographic characteristics 
and HIV transmission mode were not significantly 
correlated with coinfections of HBV, EBV, and HSV-1 
among the study subjects (data not shown). However, 
coinfection with HCV was independently associated 

characteristics and transmission route but not by CD4+ 
cell counts, according to chi-squared tests. The HBV 
prevalence varied only among different ethnicities and 
occupations.

3.4. Concurrency of multiple viral coinfections

Eleven (1.0%) HIV-infected individuals were co-
infected with all five viruses, 177 (15.9%) with four 
viruses, 611 (55.0%) with three viruses, 288 (25.9%) 
with two viruses, and 23 (2.1%) with a single virus. 
Only one (0.1%) was not co-infected with any of 
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         Urumqi,
Northwestern China
        (n3 = 360)
         No. (%)

       75 (20.8)
     216 (60.0)
       54 (15.0)
         3 (0.8)
       12 (3.3)

     188 (52.4)
     171 (47.6)

       28 (7.8)
     317 (88.0)
         0
         0
       15 (4.2)

         4 (1.1)
       47 (13.1)
       77 (21.4)
     232 (64.4)

       65 (18.1)
     251 (69.9)
       43 (12.0)

       10 (2.8)
       62 (17.5)
     160 (45.1)
       90 (25.4)
       33 (9.3)

     108 (30.0)
     190 (52.8)
         0
         3 (0.8)
       59 (16.4)

       89 (24.7)
     271 (75.3)

       62 (17.3)
     108 (30.1)
       88 (24.5)
       64 (17.8)
       37 (10.3)

Table 1. Sociodemographic characteristics, transmission modes and current CD4+ T-cell counts of HIV/AIDS patients in 
four geographical areas in China

   Yuncheng,
Central China
    (n1 = 287)
     No. (%)

    23 (8.0)
    81 (28.2)
  117 (40.8)
    60 (20.9)
      6 (2.1)

  155 (54.0)
  132 (46.0)

  287 (100.0)
      0
      0
      0
      0

  282 (98.2)
      0
      5 (1.8)
      0

      2 (0.7)
  275 (95.8)
    10 (3.5)

    74 (25.8)
  119 (41.5)
    83 (28.9)
    10 (3.5)
      1 (0.3)

    39 (13.6)
      0
  244 (85.0)
      0
      4 (1.4)

  190 (66.2)
    97 (33.8)

    96 (34.2)
    84 (29.9)
    53 (18.9)
    41 (14.6)
      7 (2.5)

    Total

(n = 1,110)
   No. (%)

191 (17.2)
503 (45.3)
290 (26.1)
  96 (8.6)
  30 (2.7)

682 (61.5)
427 (38.5)

600 (54.1)
318 (28.6)
112 (10.1)
  49 (4.4)
  31 (2.8)

582 (52.5)
128 (11.5)
135 (12.2)
265 (23.8)

158 (14.3)
821 (74.3)
126 (11.4)

132 (12.0)
410 (37.3)
383 (34.7)
134 (12.1)
  43 (3.9)

387 (34.8)
353 (31.8)
255 (23.0)
  13 (1.2)
102 (9.2)

474 (42.7)
636 (57.3)

248 (23.4)
342 (32.1)
242 (22.7)
171 (16.0)
  61 (5.7)

        Yingjiang,
Southwestern China
         (n4 = 300)
          No. (%)

         46 (15.3)
       138 (46.0)
         90 (30.0)
         21 (7.0)
           5 (1.7)

       230 (76.7)
         70 (23.3)

       133 (44.3)
           0
       112 (37.3)
         48 (16.0)
           7 (2.3)

       245 (81.7)
           8 (2.7)
         14 (4.7)
         33 (11.0)

         61 (20.3)
       180 (60.0)
         59 (19.7)

         36 (12.0)
       176 (58.9)
         67 (22.4)
         17 (5.7)
           3 (1.0)

       126 (42.0)
       150 (50.0)
           1 (0.3)
           0
         23 (7.7)

       153 (51.0)
       147 (49.0)

         57 (19.2)
       111 (37.4)
         68 (22.9)
         48 (16.2)
         13 (4.4)

Age (years, p < 0.001)
     18-29
     30-39
     40-49
     50-59
     60-94
Gender (p < 0.001)
     Male
     Female
Ethnicity (p < 0.001)
     Han
     Uygur
     Dai
     Jingpo
     Other minorities
Occupation (p < 0.001)
     Peasant
     Commercial service
     Other employees
     Unemployed
Marital status (p < 0.001)
     Never married
     Married
     Divorced/Widowed
Education (p < 0.001)
     Illiterate
     Primary school
     Secondary school
     High school or equal
     College/University
Transmission route (p < 0.001)
     Heterosexual
     Injection drugs
     Plasma/blood donation or transfusion
     Homosexual
     Unidentified
Receiving ART (p < 0.001)
     Yes
     No
CD4+ counts (p < 0.001)
     < 200
     200-349
     350-499
     500-749
     750-

     Taizhou,
Eastern China
    (n2 = 163)
     No. (%)

    47 (28.8)
    68 (41.7)
    29 (17.8)
    12 (7.4)
      7 (4.3)

  109 (66.9)
    54 (33.1)

  152 (93.2)
      1 (0.6)
      0
      1 (0.6)
      9 (5.5)

    51 (31.3)
    73 (44.8)
    39 (23.9)
      0

    30 (18.9)
  115 (72.3)
    14 (8.8)

    12 (7.4)
    53 (32.9)
    73 (45.3)
    17 (10.6)
      6 (3.7)

  114 (69.9)
    13 (8.0)
    10 (6.1)
    10 (6.1)
    16 (9.8)

    42 (25.8)
  121 (74.2)

    33 (26.0)
    39 (30.7)
    33 (26.0)
    18 (14.2)
      4 (3.1)
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with geographic region, age, gender, ethnicity, marital 
status, and HIV transmission mode. HIV patients who 
were living in Taizhou, Eastern China, were female or 
divorced/widowed, were less likely to have an HCV 
coinfection. Those who aged more than 30 years, 
were ethnic Jingpo or infected with HIV through drug 
injection or plasma/blood donation or transfusion were 
more likely to be co-infected with HCV. On the contrary, 

coinfection with HSV-2 was significantly higher among 
those who were living in areas other than Yuncheng city 
in central China or female. However, those who were 
ethnic Dai or Jingpo were less likely to have an HSV-2 
coinfection than ethnic Han. Those who became infected 
with HIV through plasma/blood donation or transfusion 
were less likely to have an HSV-2 coinfection than those 
who were heterosexually infected with HIV.

5

   HCV
    (%)

p < 0.001
    76.0
    21.3
    61.4
    60.3
p < 0.001
    37.5
    62.2
    66.3
    67.7
    43.3
p < 0.001
    69.6
    42.2
p < 0.001
    53.8
    63.2
    74.1
    65.3
    51.6
p < 0.001
    65.0
    37.2
    47.4
    62.3
p = 0.027
    64.8
    59.2
    49.2
p < 0.001
    66.7
    64.2
    56.5
    50.0
    39.5
p < 0.001
    23.0
    87.3
    84.0
      0.0
    43.1
p = 0.482
    57.8
    59.9
p = 0.836
    61.0
    61.2
    59.1
    58.5
    54.1
    59.0

Table 2. Seroprevalence of HBV, HCV, EBV, HSV-1, and HSV-2 among HIV/AIDS patients of four geographical areas in 
China

No. of tested

       287
       163
       360
       300

       191
       503
       290
         96
         30

       682
       427

       600
       318
       112
         49
         31

       582
       128
       135
       265

       158
       821
       126

       132
       410
       383
       134
         43

       387
       353
       255
         13
       102

       474
       636

       248
       342
       242
       171
         61
    1,110

  HSV-2
    (%)

p < 0.001
    13.2
    53.0
    41.4
    35.0
p = 0.001
    43.8
    34.8
    30.2
    20.8
    40.0
p < 0.001
    26.5
    46.4
p < 0.001
    32.4
    41.8
    17.9
    28.6
    54.8
p < 0.001
    24.9
    48.8
    39.3
    44.5
p = 0.001
    32.1
    32.1
    48.4
p = 0.009
    25.0
    32.4
    33.9
    44.8
    41.9
p < 0.001
    49.4
    29.7
    11.3
    21.4
    50.0
p = 0.043
    30.8
    36.6
p = 0.588
    29.3
    35.6
    34.3
    32.7
    31.1
    34.1

   EBV
    (%)

p < 0.001
    93.4
    93.9
    98.1
    99.3
p = 0.194
    95.3
    97.6
    96.2
    93.8
  100.0
p < 0.001
    98.1
    94.1
p = 0.024
    95.0
    97.8
  100.0
    98.0
  100.0
p = 0.327
    96.2
    94.6
    97.8
    97.7
p = 0.646
    95.6
    96.6
    97.6
p = 0.025
    94.7
    97.1
    96.1
  100.0
    90.7
p = 0.003
    96.6
    99.2
    93.4
  100.0
    95.1
p = 0.796
    96.4
    96.7
p = 0.154
    95.6
    98.8
    96.7
    96.5
    95.1
    96.6

  HSV-1
    (%)

p < 0.001
    85.8
    86.6
    97.5
    92.7
p = 0.069
    94.3
    92.6
    89.7
    85.4
    93.3
p = 0.007
    89.8
    94.4
p < 0.001
    87.5
    98.4
    95.5
    87.8
    90.3
p < 0.001
    88.7
    92.2
    91.1
    97.7
p = 0.889
    91.8
    91.7
    90.5
p = 0.040
    87.9
    89.3
    93.8
    94.8
    95.3
p < 0.001
    92.0
    94.3
    85.2
  100.0
    95.1
p = 0.005
    88.8
    93.6
p = 0.188
    89.6
    91.5
    93.4
    92.4
    98.4
    91.5

Geographic area
     Yuncheng, Central China 
     Taizhou, Eastern China
     Urumqi, Northwestern China
     YingJiang, Southwestern China
Age (years)
     18-29
     30-39
     40-49
     50-59
     60-94
Gender
     Male
     Female
Ethnicity
     Han (the major ethnic in China)
     Uygur
     Dai
     Jingpo
     Other minorities
Occupation
     Peasant
     Commercial service
     Other employees
     Unemployed
Marital status
     Never married
     Married
     Divorced/Widowed
Education
     Illiterate
     Primary school
     Secondary school
     High school or equal
     College/University
Transmission route
     Heterosexual
     Injection drugs
     Plasma/blood donation or transfusion
     Homosexual
     Unidentified
Receiving ART
     Yes
     No
CD4+ counts
     < 200
     200-349
     350-499
     500-749
     750-
Total

    HBV
     (%)

p = 0.210
      8.0
      7.3
      4.2
      6.7
p = 0.209
      6.3
      6.4
      4.8
    11.5
      3.3
p = 0.322
      6.9
      5.4
p = 0.050
      8.0
      3.8
      3.6
    10.2
      3.2
p = 0.058
      8.1
      4.7
      5.9
      3.4
p = 0.315
      6.3
      6.7
      3.2
p = 0.364
      4.5
      6.6
      7.3
      6.0
      0.0
p = 0.621
      7.0
      5.4
      7.4
      0.0
      4.9
p = 0.305
      7.2
      5.7
p = 0.755
      6.8
      7.6
      5.4
      5.3
      4.9
      6.3

* All p-values in the table were generated from Bivariate chi-squared tests for associations between viral infections and independent variables 
listed in the table.
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4. Discussion

The present study, for the first time, examined 
prevalence and combinations of five pathogenic viral 
infections amongst Chinese HIV/AIDS patients. The 
prevalence of coinfections with HBV, HCV, EBV, 
HSV-1, and HSV-2 amongst HIV/AIDS patients was 
generally high. About 96% of the study subjects were 
infected with EBV and more than 90% of them were 
infected with HSV-1. This might be due to the high 
background prevalence of EBV and HSV-1 in the 
general Chinese population (28-30). The prevalence of 
HBsAg among the HIV/AIDS patients was comparable 
to that in the general Chinese population which was 
7.18% for those aged 1-59 years in a nationwide survey 
completed in 2006 among 81,775 participants (China 
Ministry of Health, April 21, 2008). Although HCV and 
HSV-2 are both relatively uncommon in the general 
Chinese population (31,19-21), a high prevalence 
of HCV coinfection was observed among the study 
subjects who had contracted HIV through drug 
injections and plasma/blood donation or transfusion 
but a high prevalence of HSV-2 coinfection was also 
observed among those who had become HIV-infected 
through heterosexual transmission. Previous studies 
have reported that HCV infection is prevalent among 

former plasma donors and injection drug users and that 
HSV-2 infection is prevalent among commercial sex 
workers in China (15-16,22-24).
 In  th is  s tudy,  geographic  region was  a lso 
independently correlated with HCV and HSV-2 
coinfection among HIV/AIDS patients. This may be 
due to different background levels of HCV and HSV-2 
infections in different geographic regions (14-16,19-24). 
Thus HCV and HSV-2 coinfections should be 
considered in areas where these viruses are common.
 Gender was also found to be independently 
associated with HCV and HSV-2 coinfections among 
HIV/AIDS patients in this study. Females were less 
likely than males to have a HCV coinfection. This is 
probably related to the fact that in China females are 
generally less likely than males to be an IDU. A 2009 
meta-analysis found that 84% of all IDU participating 
in the 1997-2007 studies included in the meta-analysis 
were men (32). The present study found that female 
HIV patients were more likely than males to have an 
HSV-2 coinfection. This finding is consistent with 
a meta-analysis of HSV-1 and HSV-2 infections in 
regions throughout the globe which indicates that 
there tend to be a higher HSV-2 seroprevalence 
among females (17). Other studies in China have 
also suggested that the increased prevalence of 
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EBV

   +
   +
   +
   –
   +
   +
   +
   –
   –
   +
   +
   +
   –
   –
   +
   +
   –
   +
   +
   –
   +
   –
   –
   –
   –
   +
   –
   –
   +
   –
   –
   –

Table 3. Combinations of the fi ve viral coinfections among HIV-infected patients in China

HBV

   +
   +
   +
   +
   +
   –
   +
   +
   +
   –
   –
   –
   –
   +
   +
   +
   +
   –
   –
   –
   +
   +
   +
   –
   –
   –
   +
   –
   –
   –
   –
   –

No. of patients

          11
          20
           -
           -
          13
        144
            5
           -
           -
        408
          13
        163
            4
           -
          16
            1
           -
          37
        206
            9
            2
            2
           -
          12
            1
          19
           -
           -
          14
            8
            1
            1

HSV-1

    +
    +
    –
    +
    +
    +
    –
    +
    –
    +
    –
    +
    +
    +
    +
    –
    –
    –
    +
    +
    –
    +
    –
    +
    –
    –
    –
    –
    –
    +
    –
    –

HSV-2

    +
    –
    +
    +
    +
    +
    –
    –
    +
    –
    +
    +
    +
    +
    –
    +
    –
    –
    –
    +
    –
    –
    +
    –
    +
    +
    –
    –
    –
    –
    +
    –

No. of virus

        5
        4
        4
        4
        4
        4
        3
        3
        3
        3
        3
        3
        3
        3
        3
        3
        2
        2
        2
        2
        2
        2
        2
        2
        2
        2
        1
        1
        1
        1
        1
        0

HCV

   +
   +
   +
   +
   –
   +
   +
   +
   +
   +
   +
   –
   +
   –
   –
   –
   +
   +
   –
   –
   –
   –
   –
   +
   +
   –
   –
   +
   –
   –
   –
   –

+, testing positive; –, testing negative.

Proportion (%)

         1.0
         1.8
           -
           -
         1.2
       13.0
         0.4
           -
           -
       36.8
         1.2
       14.7
         0.4
           -
         1.4
         0.1
           -
         3.3
       18.5
         0.8
         0.2
         0.2
           -
         1.1
         0.1
         1.7
           -
           -
         1.3
         0.7
         0.1
         0.1
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HSV-2 among women is associated with the growing 
commercial sex industry (19,22-24). Since HSV-2 is the 
major cause of genital herpes and HSV-2 coinfection 
can significantly accelerate sexual transmission of HIV, 
female HIV patients, particularly those who become 
HIV-infected through heterosexual transmission, should 
be tested for HSV-2 and treated if infected.
 The present study also identified an association 
between ethnicity and an HCV or HSV-2 coinfection in 
HIV/AIDS patients. Those of Uygur, Dai and especially 
Jingpo ethnicities were more likely than ethnic Han to 
have an HCV coinfection and those of Dai and Jingpo 
ethnicities were less likely than ethnic Han to have an 
HSV-2 coinfection. Compared with ethnic Hans, these 
minorities have a higher percentage infected with HIV 
through injection drug use but have a lower percentage 
infected with HIV through sexual transmission. These 

findings suggest that minority HIV patients are more 
likely to contract viral coinfections from needle sharing 
than from heterosexual contacts.
 An important finding of this study is that a 
combined total of 71.8% of the study subjects were co-
infected with at least three other viruses which put them 
at risk for developing other diseases and malignancies 
that could significantly reduce their level of general 
health. The results of the present study also suggest the 
need to look for coinfections with other viruses such 
as EBV and HSV-1 which further threat the immune 
response.
 This study has certain limitations. First, the 
determination of viral coinfections was based on cross-
sectional measurement of surface antigen for HBV and 
IgG antibody for HCV, EBV, HSV-1 and HSV-2 which 
only reflect historical exposure to the viruses. Thus, 
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0.005
0.582
0.221

0.003
0.003
0.102
0.139

0.000

0.087
0.107
0.009
0.234

0.498
0.908
0.843

0.154
0.033

0.566
0.184
0.128
0.568

0.000
0.000
0.565
0.006

Table 4. Logistic regression analyses for identifying sociodemographic correlates of HCV or HSV-2 coinfection among 
HIV/AIDS patients in China

  1.00
  0.29 (0.12-0.69)
  0.71 (0.20-2.44)
  0.60 (0.26-1.36)

  1.00
  2.09 (1.28-3.42)
  2.30 (1.32-4.03)
  1.89 (0.88-4.06)
  2.19 (0.78-6.18)

  1.00
  0.43 (0.30-0.61)

  1.00
  2.23 (0.89-5.59)
  1.81 (0.88-3.70)
  3.30 (1.35-8.05)
  1.86 (0.67-5.17)

  1.00
  1.28 (0.63-2.60)
  1.04 (0.51-2.12)
  0.93 (0.47-1.86)

  1.00
  0.67 (0.38-1.16)
  0.47 (0.24-0.94)

  1.00
  1.19 (0.66-2.16)
  0.65 (0.35-1.22)
  0.56 (0.26-1.18)
  0.75 (0.27-2.03)

  1.00
13.76 (8.61-22.00)
12.87 (6.37-25.98)
  0.004 (0.00-N.A)
  2.06 (1.23-3.45)

0.000
0.162
0.000

0.799
0.697
0.442
0.969

0.000

0.946
0.000
0.002
0.623

0.794
0.654
0.348

0.536
0.063

0.881
0.422
0.912
0.767

0.217
0.004
0.161
0.461

1.00
4.69 (2.17-10.13)
2.18 (0.73-6.49)
4.01 (1.88-8.55)

1.00
0.95 (0.64-1.42)
1.10 (0.69-1.75)
0.76 (0.37-1.54)
0.98 (0.39-2.50)

1.00
2.50 (1.79-3.50)

1.00
0.97 (0.45-2.13)
0.24 (0.12-0.44)
0.29 (0.14-0.63)
1.24 (0.52-2.96)

1.00
1.08 (0.61-1.90)
0.88 (0.49-1.57)
1.31 (0.74-2.32)

1.00
1.15 (0.74-1.79)
1.70 (0.97-2.99)

1.00
0.96 (0.56-1.64)
0.79 (0.44-1.41)
0.96 (0.50-1.86)
0.88 (0.36-2.11)

1.00
0.78 (0.52-1.16)
0.36 (0.18-0.72)
0.38 (0.10-1.48)
1.20 (0.74-1.96)

Geographic area
     Yuncheng, Central China 
     Taizhou, Eastern China
     Urumqi, Northwestern China
     Yingjiang, Southwestern China
Age (years)
     18-29
     30-39
     40-49
     50-59
     60-94
Gender
     Male
     Female
Ethnicity
     Han (the major ethnic in China)
     Uygur
     Dai
     Jingpo
     Other minorities
Occupation
     Peasant
     Commercial service
     Other employees
     Unemployed
Marital status
     Never married
     Married
     Divorced/Widowed
Education
     Illiterate
     Primary school
     Secondary school
     High school or equal
     College/University
Transmission route
     Heterosexual
     Injection drugs
     Plasma/blood donation or transfusion
     Homosexual
     Unidentified

                               HCV

    OR* (95% CI**)                    p value

                       HSV-2

 OR* (95% CI**)                    p value

* OR: odds ratio, adjusted for potential confounding effects of other variables listed in the table; ** 95% CI: 95% confidence interval.
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it is difficult to determine the temporal relationship 
between infections with HIV and the other viruses, 
limiting our ability to draw causal inferences about 
these viral coinfections. Second, we only tested for 
coinfections with HBV, HCV, EBV, HSV-1, and HSV-2. 
Due to the unavailability of blood-based, type-specific 
commercial products for testing, we did not test for 
human papillomavirus (HPV) which is also prevalent in 
China and is the causal agent of invasive cervical cancer, 
an important AIDS-defining disease. Also, due to lack 
of qualified commercial products for testing, we did not 
test for human herpes virus type 8 (HHV8) which was 
first identified in 1994 and has been demonstrated to 
be prevalent in the Mediterranean region and the causal 
agent of Kaposi's Sarcoma (KS), another important 
AIDS-defining disease (33-36). This limited our ability 
to draw conclusions with regard to the spectrum of 
viral coinfections that are of most significance to 
Chinese HIV/AIDS patients. Third, we only included 
HIV patients visiting local CDC for follow-up within 
the specified two-week sample collection period in the 
study, which compromised the representativeness of the 
study sample.
 In conclusion, this study has demonstrated that most 
Chinese HIV/AIDS patients are living with multiple 
pathogenic viruses that may play important roles in their 
disease progression, responses to antiretroviral treatment 
and general health. It is foreseeable that the incidence of 
HIV-related malignancies such as HCC, NHL, HL, and 
nasopharyngeal cancer in China will increase given the 
high prevalence of HCV and EBV coinfections among 
HIV/AIDS patients and their extended lifetime gained 
from the nationwide antiretroviral treatment campaign. 
Moreover, Chinese HIV/AIDS patients with different 
backgrounds in terms of HIV transmission route, 
residential geographic region, gender and ethnicity 
may have different profiles of viral coinfections and 
thus should be subject to differential considerations in 
designing public health and clinical care programs for 
both HIV and other co-infected pathogenic viruses.
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1. Introduction

Biological behavior of epithelial cells is restricted 
by the surrounding microenvironment such as the 
basement membrane (BM) and cell-cell interaction 
(1-3). The basement membrane is a thin extracellular 
matrix (ECM) that underlies epithelia and separates 
cells from the stroma. Malignant cells must cross this 
membrane to invade stroma and eventually establish 

distant metastases. Complex interactions between 
cancer cells and regulatory factors within the tumor 
microenvironment function cooperatively to control 
tumor cell invasion and eventual metastasis. Several 
genetic and epigenetic factors, both in the cell and in 
the microenvironment, contribute to the progression 
of cancer cells towards metastases. The escape of 
cancer cells from primary to distant sites is first 
established by producing proteases (4) that degrade 
ECM, consisting of basement membrane and stromal 
components. In addition, hormones and growth factors 
may also regulate motility and invasion of some types 
of carcinoma such as breast carcinoma. It has been 
shown that acquisition of cell invasion ability requires 
epithelial-to-mesenchymal transition (EMT) and that 
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induction of EMT in breast carcinoma cells can be 
associated with hormones such as estrogen (5).
 Of in vitro models currently available, those using 
Matrigel as a biologically active basement membrane 
model for in vitro invasion assays have been used for 
two decades (6,7). In those assays, tumor cells are 
placed in the upper chamber of a Boyden migration 
chamber. The upper and lower chambers are separated 
by a porous membrane coated with Matrigel. A 
chemoattractant in the lower well stimulates migration. 
After an interval, tumor cells are recovered from 
or counted on the lower surface of the membrane. 
Although useful and convenient, the Boyden chamber 
assay cannot provide detailed information on cell 
invasion parameters such as kinetics of cell migration 
and migration behavior of cells on the BM-stroma in 
the presence of stimuli. In order to study cell invasion 
processes under different conditions reflecting the in 
vivo situation, we developed a real-time assay system 
that should allow direct visualization and assessment of 
cancer cell invasion processes.
 Reconstituted gels with type I collagen, a major 
component forming a lattice structure in stroma (8), 
were used in the present study to observe migration of 
colorectal and breast carcinoma cells. That is, cancer 
cells were inoculated on a reconstituted 0.08% collagen 
gel (1.2 mm-thick) in phenol red-free Dulbecco's 
modified Eagle medium (DMEM) supplemented 
with 0.1% Bovine Serum Albumin (BSA) (the basal 
medium) and how the cells disappeared from the visible 
field were observed under a time-lapse phase contrast 
microscope. As the first step, the basal assay system in 
the absence of fetal calf serum (FCS) and phenol red, 
which mimics estrogen effects (9), was used to obtain 
information on the basal invasion of the tested cancer 
cells. Once the basal condition was established, effects 
of various parameters on invasion, such as changes in 
ECM components and/or addition of stimulants, can 
readily be assessed.
 Time-lapse microscopic observation for 30 h of 
cell invasion into the collagen gel revealed kinetic 
parameters and individualistic behaviors of various 
cancer cells. Of breast cancer MDA-MB-231 or MCF-7 
cells and colon cancer LS180 or HT29 cells examined, 
MDA-MB-231 cells most rapidly disappeared from 
the collagen gel surface under the basal conditions. 
Estrogen-dependent MCF-7 cells disappeared at a 
rate approximately two times slower than that of 
MDA-MB-231 cells under serum- and phenol red-
free conditions. The effect of estrogen on invasion of 
estrogen-dependent MCF-7 breast carcinoma cells 
was then evaluated, which revealed that MCF-7 cell 
invasion was facilitated by the addition of 10 nM 
β-estradiol to the basal medium and had a rate similar to 
that of MDA-MB-231 cells. These results demonstrated 
future applicability of this real-time analysis to 
understand the cancer cell invasion processes.

2. Materials and Methods

2.1. Cell lines and cell culture conditions

Human breast carcinoma cells (MDA-MB-231 and 
MCF-7) and human colon carcinoma cells (LS180 and 
HT-29) were obtained from American Type Culture 
Collection (ATCC, Rockville, MD, USA). MDA-MB-231 
and MCF-7 cells were maintained in low glucose DMEM 
containing 5% FCS (Sigma-Aldrich Japan, Tokyo, 
Japan) and high glucose DMEM containing 10% FCS, 
respectively, supplemented with penicillin, streptomycin, 
and 2 mM glutamine. LS180 cells were cultured in 
Minimum Essential Medium (MEM) containing 10% 
FCS. HT-29 cells were cultured in McCoy's 5A Medium 
(Invitrogen, Carlsbad, CA, USA) containing 10% 
FCS. These cells were cultured at 37°C in a 5% CO2 
atmosphere.

2.2. Preparation of a collagen gel bed for observation of 
cancer cell invasion

Type I collagen (collagen I) extracted from bovine skin by 
acetic acid was purchased from Koken Co. Ltd., Tokyo, 
Japan. To construct a collagen gel bed, 0.1% collagen I in 
1 mM HCl was mixed with 10 times-concentrated phenol 
red-free DMEM, and neutralized with 100 mM HEPES 
(collagen I : DMEM : HEPES = 8:1:1, v/v/v) which was 
kept on ice. Two or 5 mL of the 0.08% collagen I solution 
were added to each plastic dish (ø3.5 cm) quickly 
followed by incubation at 37°C until gels solidified with 
an approximate 1.2 mm thickness.

2.3. Assessment of cancer cell invasion by time-lapse 
microscopy

The invasion process of cancer cells on collagen gel 
culture model was monitored by a phase contrast time-
lapse microscope ECLIPSE TE300 (Nikon, Kawasaki, 
Japan) housed in a temperature-controlled (37°C) CO2 
gassed chamber with water inside to maintain humidity. 
Breast or colon cancer cell lines were starved in FCS-
free medium overnight, then harvested from plastic 
dishes by non-enzymatic separation solution (Invitrogen). 
Cells were seeded on the surface of the collagen gels at 
a concentration of 1 × 105 cells/mL in phenol red-free 
DMEM supplemented with 0.1% BSA and then placed 
in a chamber of the microscope adjusted to 37°C and a 
5% CO2 atmosphere. Cells remaining on the collagen 
gels were recorded at a 200 magnification every 1 h for 
30 h. To evaluate the effect of the hormone on MCF-7 
cell invasion, 10 nM β-estradiol was added to the basal 
medium.
 The rate of cell invasion into the collagen gels was 
determined by plotting cell numbers remaining on the 
gel surface against incubation time. Data at each time 
point was collected from 4 to 10 independent experiments 
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MB-231 or MCF-7 cell suspension (3 × 105 cells/mL) 
were placed on the surface of the collagen gel in phenol 
red-free DMEM supplemented with 0.1% BSA. After 3 
h incubation at 37°C in a 5% CO2 atmosphere, gels were 
gently washed with phosphate-buffered saline, soaked 
into Tissue-Tsk O.C.T. Compound (Sakura Finetechnical, 
Tokyo, Japan) and frozen at −80°C. The frozen gel was 
sliced using a cryostat (Leica Microsystems GmbH, 
Wetzlar, Germany) set at 20 μm thickness. The sections 
were then placed on a slide glass, fixed with 4% formalin, 
and stained with hematoxylin-eosin for observation under 
an optical microscope.

3. Results

3.1. Visualization of breast cancer cells invading collagen 
gels

Invasion of breast carcinoma MDA-MB-231 and MCF-7 
cells into collagen gels under the serum- and phenol red-
free conditions were recorded by time-lapse microscopy. 
Figure 1 shows representative photo images at the 
indicated incubation times after the cells were placed 
on the collagen gel surface. Both cell types gradually 
disappeared from the gel surface during the time course. 
MDA-MB-231 cells shown in Figure 1A apparently 
migrated into the collagen gel faster than MCF-7 cells 

for each condition tested. Statistical compilation was 
performed using StatView 5.0J (Abacus Concepts, 
Berkeley, CA, USA) software. The initial and maximum 
rates of invasion velocity were determined from the 
compiled data.

2.4. Migration of cells across the collagen gel

Collagen gels were similarly prepared on 24-well Boyden 
chambers with 8 μm pore size polycarbonate membranes 
(BD Biosciences, San Jose, CA, USA) as described 
above. Two hundred fifty μL of MDA-MB-231 or 
MCF-7 cell in DMEM with 1% FCS (6 × 105 cells/mL) 
was placed on the collagen gel. After cells were incubated 
for 18 h in a 5% CO2 atmosphere, the collagen gel on 
the upper surface was gently removed from the chamber. 
The cells were then fixed with 5% formaldehyde and 
stained with Diff-Quik (Dade Behring, Deerfield, IL, 
USA) according to the manufacturer's protocol. Cells that 
migrated from the collagen gel surface to the underside of 
the filter were counted under a microscope.

2.5. Sectioning of collagen gels after cancer cell invasion

Collagen gels were prepared on 8-chamber slide glasses 
(1 × 1 cm, Nalgen Nunc International KK, Tokyo, Japan) 
as described above. Two hundred fifty μL of MDA-

Figure 1. Visualization of breast carcinoma cell invasion into collagen gels. Reconstituted 0.08% collagen gel (1.2 mm-thick) 
was prepared in culture dish (ø3.5 cm), and then cells were inoculated on the gel at a concentration of 1 × 105 cells/mL in phenol red-
free DMEM supplemented with 0.1% BSA (the basal medium). The dish was placed under a time lapse phase contrast microscope 
to observe the disappearance of the cells from the visible field. The photos present MDA-MB-231 (A) and MCF-7 (B) cells which 
remained on the gel surface at the indicated incubation time.

0 h 6 h 12 h 24 h

MDA-MB-231(A)

(B) MCF-7

0 h 6 h 12 h 24 h

0 h 6 h 12 h 24 h
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(Figure 1B). The traces of cells which migrated into the 
collagen gel were clearly marked on the surface (Figure 1).
 Whether or not these cells actually moved through the 
collagen gels was examined using a collagen gel-coated 
conventional Boyden chamber as described in Materials 
and Methods. When the experiments were carried out 
under the serum- and phenol red-free condition as above, 
which was used throughout this study for the time-lapse 
recording method, none of the cells migrated across 
the filter (data not shown). Thus, 1% FCS was used to 
induce migration of cells in the Boyden chamber invasion 
assays. As seen in Figure 2A, a significant number of 
MDA-MB-231 cells (33.7 cells/60 μm2) appeared on 
the underside of the membrane filter, and very few of the 
MCF-7 cells (5.7 cells/60 μm2) were seen on the underside 
of the filter (Figure 2B) in which the 8 μm pores of the 
polycarbonate membrane are visible in the background. 
These results suggest that both the MDA-MB-231 and 
MCF-7 cells are capable of migrating into and through 
the collagen gel in the presence of 1% FCS, but that the 
degree of migration potential seems to be dependent on 
the individual characteristics of the cancer cell lines.

3.2. Detection of migrated cells into collagen gels

Time-lapse microscopic observations of the cells 

disappearing from the image obviously indicated the 
occurrence of cell migration into collagen gels under the 
basal conditions (Figure 1). Few cells migrated, however, 
from the collagen gel surface to underside of the filter 
even though 1% FCS was used to induce migration (Figure 
2). Thus, the distance cells migrated was determined by 
histocytochemically examining the sectioned collagen 
gels. After 20 h or 18 h culture, the collagen gels into 
which MDA-MB-231 and MCF-7 cells migrated were 
cryosectioned to visualize distribution of cells inside 
the collagen gels. Figures 3A-3D shows representative 
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Figure 2. Migration of breast carcinoma cells across 
collagen gel to underside of the membrane in a 24-well 
Boyden chamber. Reconstituted collagen gel was prepared 
with a thickness of 1.2 mm on the membrane in chambers. 
MDA-MB-231 cells (A) or MCF-7 cells (B) were inoculated 
on the collagen gel, and then cultured for 18 h. Cells migrating 
to the underside of the membrane were stained with Trypan 
Blue and observed by microscopy (magnification ×200). 
Representative fields of the membrane with migrated cells are 
shown.

A

B

Figure 3. Histocytochemical observation of breast 
carcinoma cells in reconstituted collagen gels. MDA-
MB-231 (A and B) and MCF-7 cells (C and D) in phenol red-
free DMEM supplemented with 0.1% BSA (the basal medium) 
were incubated on collagen gels for 18 h at 37°C in 5% CO2 
atmosphere. The gels were frozen and sliced with a cryostat 
set at a 20 μm thickness. Sections were fixed and stained 
with hematoxylin-eosin. Areas around the gel surfaces were 
photographed with an optical microscope (Bars: 100 μm in A 
and C; 20 μm in B and D). Dotted lines in B and D represent 
the gel surfaces. In E, distribution of distances from the gel 
surface for each cell observed (n = 214 for MDA-MB-231 cells 
and n = 75 for MCF-7 cells) was plotted.

A

B

C

D

E
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microscopic photos of the collagen gel sections stained 
with hematoxylin and eosin stain.
 Migration distances of MDA-MB-231 and MCF-7 
cells from the top of collagen gels measured were plotted 
as shown in Figure 3E. Of the 214 MDA-MB-231 cells 
observed, 199 (93%) cells invaded and were widely 
distributed in the gel. In contrast, of the 75 MCF-7 cells 
observed, 25 cells (33%) remained on the gel surface 
whereas 45 cells (60%) migrated to around 20-30 μm 
from the gel surface. The distances of cell migration into 
collagen gels are summarized in Table 1. The results 
suggest that cell migration certainly occurs under serum- 
and phenol red-free conditions, but that migration of 
both MDA-MB-231 and MCF-7 cells was only to 157 
and 141 μm from the gel top, respectively. This result 
is consistent with the observation obtained by Boyden 
chamber assays that no cells migrated through the filter 
under the same conditions as used above (Figure 2).

3.3. Invasion kinetics of breast and colon cancer cells

Invasion rates of both breast and colon carcinoma 
cells into collagen gels are measured by counting the 
number of cells remaining in the same microscopic 
field that had been recorded by a time-lapse microscope 
every hour for 30 h (Figure 4). In the case of breast 
carcinoma cells, MDA-MB-231 cells showed a much 
higher disappearing rate than MCF-7 cells (Figure 4A), 
suggesting that MDA-MB-231 has a higher invasion 
potential than MCF-7 cells under the conditions used. 
The major difference was seen at around 25 h after cells 
were placed on the collagen gel, at which time nearly 
100% of MDA-MB-231 cells invaded the collagen gel 
whereas on average 27.9 ± 4.4% (n = 5) of MCF-7 cells 
still remained on the gel surface (Figure 4A, closed 
and open circles, respectively). In the case of colon 
carcinoma cells, LS180 cells invaded more quickly than 
HT29 cells (Figure 4B).
 In general, cell invasion started at 1-2 h of 
incubation after cells were seeded on the gel. The 
invasion process appears to be a characteristic of each 
cancer cell line. For example, MDA-MB-231 breast 
carcinoma cells disappeared with the highest invasion 
rate among the four cell lines examined. In addition, all 
of the MDA-MB-231 cells migrated into the collagen 
gel before 30 h incubation whereas in the case of the 
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other three cell lines, 22.4 ± 3.4% (n = 5), 15.0 ± 2.2% 
(n = 10), and 38.4 ± 3.1% (n = 5) seeded of MCF-7, 
LS180, and HT-29 cells, respectively, still remained 
on the gel surface at the 30 h incubation time (Figure 
4). Although the invasion process showed at least two 
phases, when the initial phase invasion rates were 
taken, invasion rates of 10.01 ± 2.53, 4.08 ± 1.19, 6.08 
± 1.95, and 3.48 ± 0.73%/h for MDA-MB-231, MCF-7, 
LS180 and HT-29 cells, respectively, were calculated. 
These results may reflect the malignancy of the cells.

3.4. Invasion kinetics of breast and colon cancer cells

The real-time invasion assays described above were 

Table 1. Migration distances of MDA-MB-231 and MCF-7 
cells from the gel surface

Average
Maximum
75th percentile
50th percentile
25th percentile

MDA-MB-231
   
         31.4
       157
         24.2
         14.9
           7.1

     MCF-7
 
       20.1
     141
       32.9
       24.2
       18.7

Migration distance (μm)

Figure 4. Invading rates of breast and colon carcinoma 
cells. Breast carcinoma MDA-MB-231 and MCF-7 cells and 
colon carcinoma LS180 and HT-29 cells were incubated on 
reconstituted collagen gels and the invasion was monitored 
under the time lapse microscope as described in Figure 1. 
The number of cells remaining on gel surface was counted 
and plotted against incubation time. In (A), results of breast 
carcinoma cell invasion are shown, MDA-MB-231 (●, n = 5) 
and MCF-7 (○, n = 5); the difference is statistically significant (p 
= 0.0015). In (B), results of colon carcinoma cell invasion are 
shown, LS180 (●, n = 10) and HT-29 (○, n = 5); difference is 
statistically significant (p = 0.0004).
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under basal conditions, in which FCS and phenol red 
with estrogen-like effects were omitted (9). Although 
the growth of MCF-7 cells is dependent on estrogen, 
estrogen dependency is known to be reduced as passage 
numbers increase (10). Therefore, we examined the 
effects of β-estradiol on invasion of MCF-7 cells which 
had been cultured approximately for 10, 25, or 40 
passages. As shown in Figure 5, under basal conditions, 
the invasion rates did not change among early, middle, 
and late passages of MCF-7 cells, and was on average 
4.08 ± 1.19%/h (n = 5) as described above (Figure 4A, 
open circle). The addition of 10 nM β-estradiol to the 
basal medium significantly facilitated the migration 
of MCF-7 cells with early passages (~ 10) into the 
collagen gels (Figure 5, closed circle) as compared to 
that of the cells in the absence of β-estradiol (Figure 
5, open circle). Although the effect of β-estradiol on 
the MCF-7 cell invasion was seen with the cells in 
middle and late passages (Figure 5, triangle and square, 
respectively), the effect seemed to be less significant as 
the passage number increased (Figure 5).

4. Discussion

In this study, we established a simple procedure for 
real-time observation of the initial step of the cancer 
cell invasion process. The real-time assay method could 
provide not only information on invasion rates but also 
migratory behaviors of individual cancer cells into the 

collagen I gel. The Boyden chamber assay which is 
handy and popularly used cannot provide such detailed 
information although our preliminary study using 
Boyden chambers provided useful information that, 
without 1% FCS, cancer cells were not able to cross 
the collagen I gel under basal conditions. In contrast, 
this study observing the disappearance of cancer cells 
from the collagen I gel surface clearly demonstrated 
that cancer cells penetrate into the collagen I gel under 
basal conditions without FCS. Obviously, under the 
conditions used, cells did not move much on the gel 
surface but rather attached on the collagen gel surface 
and moved into the gel. Most of the cells penetrating 
into the gel apparently remained within 60 μm from the 
gel surface, which certainly indicated that cancer cells 
need stimuli to cross the collagen I barrier and further 
invade into ECM. The real-time assay system should 
thus allow not only direct visualization and assessment 
of the cancer cell invasion processes, but also study 
of cell invasion processes under different conditions 
reflecting in vivo.
 Recording cell migration on or into the collagen gel 
was reported over three decades ago. Earlier studies 
using fibroblasts suggested the possible implication of 
this assay for cancer cell invasion (8,11). After rapid 
advances in cancer biology, several 3-dimentional 
culture systems have been reported for studying 
cancer cell invasion (12-16). Of those, the real-time 
assay system under basal conditions described in this 
report is the most basic and simplest in vitro model 
for effectively assessing the invasive behaviors of 
individual cancer cells. The earlier study by Erkell 
and Schirrmacher (12) attempted to devise simplified 
systems to investigate the mechanisms of invasion 
based on the same concept as our study. It is the idea 
that since collagen I is a main component of normal 
tissue stroma, the ability to penetrate such a gel would 
be expected to reflect their metastatic potential. Their 
system was similar to our Boyden chamber methods 
with collagen I gel layered except that they counted 
cells which penetrated into and remained in the gel. 
In the Boyden chamber assays, we observed that 
both MCF-7 and MDA-MB-231 cancer cells did not 
reach the membrane under basal conditions whereas 
inclusion of 1% FCS in the medium induced invasion 
of these cancer cells to appear on the bottom side of the 
membrane (Figure 2).
 The real-time invasion assays described here have 
used basal conditions, in which FCS and phenol red 
with estrogen-like effects were omitted. To observe 
effects of β-estradiol on invasion of MCF-7 cells whose 
growth is estrogen-dependent, three sets of MCF-7 
cells from approximately 10, 25, or 40 passages were 
used. Although no significant difference on invasion 
was observed with early to late passage cells under 
basal conditions, the addition of 10 nM β-estradiol 
to the basal medium most significantly facilitated 
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Figure 5. Effect of β-estradiol on MCF-7 cells invasion. 
MCF-7 cells with different passage numbers 10 (●, ○), 25 (▲, 
Δ), and 40 (■, □) were incubated on reconstituted collagen 
gels in the presence (●, ▲, ■: +E) or absence (○, Δ, □: −E) 
of 10 nM β-estradiol (E). Invasion was monitored under the 
time lapse microscope as described in Figure 1. The number of 
cells remaining on gel surface was counted and plotted against 
incubation time. Shown are averages of three experiments 
for early (−E and +E) and two experiments for middle (+E) 
passages whereas the result of one experiment was shown 
for middle (−E) and late (−E and +E) passages (statistical 
evaluation was not done). 
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the migration of MCF-7 cells from early passages 
(~ 10) into the collagen gels compared to those from 
middle- and late-passages. These results are consistent 
with a gradual loss of estrogen receptors during the 
progression from estrogen-dependent to -independent 
phenotypes (17).
 In conclusion, the present method utilizing time-
lapse microscopy is less involved and simpler than 
the previous methods (14,16), thus providing a useful 
system for further evaluating major components of 
ESM, growth factors, cytokines, and other possible 
microenvironment factors. Preliminary results on effects 
of ESM components and insulin-like growth factor-I on 
MCF-7 invasion have been previously presented at 12th 
International Congress of Endocrinology in 2004 (18). 
Further studies are in progress.
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1. Introduction

Histone deacetylases (HDACs) which remove the 
acetyl group of ε-amino groups of lysine residues 
in the N-terminal extension of core histones play an 
important role in many biological processes such as: 
DNA replication, transcription, differentiation, and 
apoptosis. HDACs comprise a family of 18 members 
in humans and are divided into four classes according 
to amino acid sequence and number of catalytic active 
sites (1). Class I includes HDAC1, HDAC2, HDAC3, 
and HDAC8, which are expressed ubiquitously, 
localized predominantly to the nucleus, and display 
high enzymatic activity toward histone substrates. 
They possess relatively simple structures, consisting 
of a conserved deacetylase domain with short amino- 
and carboxy-terminal extensions (2). HDAC1 and 
HDAC2 are nearly identical and are generally found 
together in repressive complexes such as the Sin3, 

NuRD, CoResT, and PRC2 complexes (3). HDAC3 is 
found in distinct complexes such as the N-CoR–smRT 
complex, whereas no complex has been described for 
HDAC8 (4). Generally, the Zn2+-dependent HDACs 
are more important to modulate transcription and gene 
expression, and most HDAC inhibitors are designed 
to act on these HDACs (5). The zinc-dependent 
HDAC8 catalyzes the removal of acetyl moieties from 
histone tails, and is critically involved in regulating 
chromatin structure and gene expression (6). Recently, 
it was reported that HDAC8-selective inhibitors 
are available, and HDAC8 may be a potential drug 
target for neuroblastoma differentiation therapy using 
selective inhibitors, avoiding nonspecific side effects 
(7). The activity evaluation of HDAC inhibitors needs 
pure HDACs, so the expression, purification, and 
characterization of HDACs are very necessary.
 Nitric oxide (NO) is a free-radical product of 
mammalian cell metabolism that plays diverse and 
important roles in the regulation of cell function. Protein 
S-nitrosylation refers to the reversible attachment 
of the NO moiety to specific cysteine residue(s) on 
selected proteins, producing labile S-nitrosothiol 
structure and functional alterations (8,9). S-nitrosylation 
is involved in the regulation of a diverse array of 
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protein functions and plays a dominant role in many 
signaling pathways. It is increasingly accepted that 
S-nitrosylation of proteins serves as a critical cellular 
regulation mechanism similar to O-phosphorylation 
(10). Besides the physiological importance, dysfunction 
in maintaining the homeostasis of S-nitrosylation has 
been linked to many disease states (11). Recently, it 
was reported that S-nitrosylation of HDAC2 induces 
chromatin remodelling in neurons (12). Moreover, 
NO donors markedly reduced the enzymatic activity 
of HDAC2, minimally influenced that of HDAC1, 
and were ineffective on HDAC3. NO regulates the 
enzymatic activity of HDAC2 by S-nitrosylation, but 
not that of HDAC1 and HDAC3, as was detected in 
C2C12 myoblasts exposed to NO donors (13). As 
HDAC8 also belongs to the Class I HDACs group, 
whether NO can affect the activity of HDAC8 was 
not yet clear. In this study, we cloned, expressed, and 
purified recombinant human HDAC8, and examined 
whether NO can affect the activity of human HDAC8 
by S-nitrosylation.

2. Materials and Methods

2.1. Materials

hHDAC8 gene (1-377 residues, NCBI accession 
No. NM_018486.1) was purchased from FulenGen 
(Guangzhou, China). Plasmids pGEX-6p-1 and pET21b 
were purchased from Invitrogen (Carlsbad, CA, USA). 
All enzymes, restriction endonucleases, and DNA 
markers were from Takara Biotechnology (Dalian, 
China). The plasmid purification kit and gel extraction 
kit were from Tiangen Biotech (Beijing, China). 
Sequencing primers were synthesized by Invitrogen 
China (Shanghai, China). Novagen® competent 
BL21 (DE3) Escherichia coli cells were from Merck 
(Darmstadt, Germany). N-[6-(Biotinamido)hexyl]-
3'-(2'-pyridyldithio)propionamide (biotin-HPDP) 
were from Thermo Scientific Pierce Protein Research 
Products (Rockford, IL, USA). Boc-Lys (acetyl)-
AMC and AMC were purchased from Bachem AG 
(Bubendorf, Switzerland). Streptavidin-peroxidase 
polymer ultrasensitive, glutathione (GSH), cysteine 
(Cys), Sodium nitroprusside (SNP), agarose and all 
other chemicals were of analytical grade and purchased 
from Sigma-Aldrich (St Louis, MO, USA).

2.2. Construction of plasmid pGEX-6p-1–hHDAC8, 
expression of glutathione S-transferase (GST)-hHDAC8 
fusion protein and purification of hHDAC8

HDAC8 gene (1-377 residues, GenBank accession 
No. AF230097) was amplified by using a polymerase 
chain reaction (PCR) with a forward primer 5'-TCAG
GATCCATGGAGGAGCCGGAGGAACCG-3' and a 
reverse primer 5'-TTACTCGAGCTAGACCACATG

CTTCAGATTCCC-3', the products were subcloned 
into pGEX-6p-1 plasmid (Invitrogen). The constructs 
were used to transform Escherichia coli cells, the 
transformed cells were streaked on a Luria-Bertani 
(LB) agar plate containing 100 μg/mL ampicillin. 
Positive clones were selected by colony PCR and DNA 
sequencing. The recombinant human HDAC8 proteins 
with an N-terminal GST-tag were overexpressed in 
Escherichia coli strain BL21 (DE3). The full-length 
HDAC8 proteins were purified using a GST column 
(GE Healthcare Bio-Sciences, Piscataway, NJ, USA) as 
described previously (14). Source Q and Superdex-200 
columns (GE Healthcare Bio-Sciences) were used for 
further purification of human HDAC8.

2.3. Construction of plasmid pET21b–hHDAC8, 
expression, and purification of hHDAC8 

Construction and expression of plasmid pET21b–
hHDAC8 were similar to those of plasmid pGEX-6p-1–
hHDAC8 just with a forward primer 5'-ATACATATG
ATGGAGGAGCCGGAGGAACCG-3' and a reverse 
primer 5'-TTACTCGAGGACCACATGCTTCAGATTC
CC-3', which contained Nde I and Xho I restriction sites. 
The constructs were transformed into Escherichia coli 
cells and the ampicillin-resistant colonies were selected 
by colony PCR and DNA sequencing. The recombinant 
human HDAC8 proteins with an N-terminal six His-
tag were overexpressed in Escherichia coli strain BL21 
(DE3). The hHDAC8 were first purified using a Ni-
NTA resin column (GE Healthcare Bio-Sciences), then 
Source Q and Surperdex 200 columns were used for 
further purification.

2.4. hHDAC8 activity assay

Fluorescence analysis was used for the hHDAC8 
activity assay (15). HDAC8 releases the acetate 
moiety from з-acetylated lysine residues of the 
substrate  pept ides ,  the deacetylated pept ides 
containing unprotected lysine residues are recognized 
by trypsin and subsequently cleaved to release 
7-amino-4-methylcoumarin (AMC). The fluorescence 
measurement was done at an excitation of 390 nm and 
emission of 460 nm by fluorometry (Varioskan; Thermo 
Fisher Scientific, Waltham, MA, USA). A standard 
curve of the cleavage product AMC was used to convert 
the fluorescence readings into micromolar products 
and calculate the specific activity of HDAC8 which 
was purified using two different recombinant plasmids 
(pGEX-6p-1–hHDAC8 and pET21b–hHDAC8).

2.5. Synthesis of S-nitrosoglutathione (GSNO) and 
S-nitrosocysteine (Cys-NO) and detection of their effect 
on HDAC8

GSNO was synthesized by combining 200 mM NaNO2 
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combined to the GST-column. His-hHDAC8 combined 
to the Ni-NTA resin column was eluted with 250 mM 
imidazole. After affinity purification, the purity of 
hHDAC8 and His-hHDAC8 was over 90% (Figure 1). 
After further ion chromatography using a Source Q 
column and a final molecular sieve chromatography 
with Superdex-200, the purity of hHDAC8 was 
above 95% on SDS-PAGE stained with Coomassie 
brilliant blue. The HDAC8 purified from these two 
recombinant plasmids were all active proteins, and 
the specific activity of hHDAC8 from pGEX-6p-1-
hHDAC8 plasmid was 0.73 ± 0.23 U/mg and His-
hHDAC8 from pET21b-hHDAC8 plasmid was 1.39 
± 0.44 U/mg. The higher specific activity of His-
hHDAC8 may indicate that the N-terminal six his 
tag may stabilize the structure of HDAC8, since the 
already known crystal structures of hHDAC8 were 
mostly purified from pET21b plasmid in Escherichia 
coli (18).

and 200 mM reduced glutathione in 0.5 M HCl in the 
dark at room temperature for 10 min. The solution 
was neutralized to pH 7.2 with 1 M NaOH, and its 
concentration determined by absorbance at 334 nm 
using an extinction coefficient of 900 M−1•cm−1 (16). 
The synthesis of Cys-NO was similar to GSNO using 
cysteine to replace the glutathione. The recombinant 
HDAC8 was incubated with GSNO, Cys-NO, or SNP 
at a concentration gradient range for 30, 60, and 90 min 
at room temperature. Samples were desalted with Bio-
Spin columns to remove excessive GSNO, Cys-NO, or 
SNP. To half of the samples at the 60 min incubation 
time, 1 mM dithiothreitol (DTT) was added for 15 min. 
The assay of HDAC8 activity was done as described 
above.

2.6. Western blot to detect the S-nitrosylation of HDAC8 
in vitro

To induce S-nitrosylation in vitro, the recombinant 
HDAC8 proteins were incubated with freshly prepared 
GSNO (100 μM) in the dark for 30 min. Acetone 
precipitation was used to remove excessive GSNO. The 
Biotin-switch method was carried out essentially in the 
dark as detailed previously (17). Briefly, free protein 
thiols were blocked with 4 volumes of HEN buffer 
(250 mM Hepes-NaOH pH 7.7, 1 mM EDTA, 0.1 mM 
neocuproine) containing 2.5% SDS and 20 mM methyl 
methanethiol sulfonate at 50°C for 30 min. Proteins 
were precipitated with cold acetone and suspended in 
HEN buffer containing 1% SDS. Ascorbate (1 mM) 
was added to specifically reduce the SNO bond to free 
protein thiols, which were then labeled with biotin-
HPDP (4 mM) for 1 h at room temperature. Proteins 
were added with SDS-PAGE sample buffer without 
boiling and DTT, and SDS-PAGE was performed. After 
transferring to a poly(vinylidene fluoride) membtane 
for immunoblotting, biotinylated proteins were detected 
with anti-biotin mouse monoclonal antibody.

3. Results

3.1. Clone, expression, and purification of human 
HDAC8

The expressed hHDAC8 was about 42 kDa and the 
expression level was approximately 1.2% of the total 
bacteria proteins for the pGEX-6p-1–hHDAC8 plasmid 
(Figure 1A), and approximately 0.5% of the total 
bacteria proteins for the pET21b–hHDAC8 plasmid 
(Figure 1B). SDS-PAGE analysis revealed that most 
target proteins existed in insoluble fractions. This 
indicated that the target proteins were mainly expressed 
as inclusion bodies in Escherichia coli. PreScission 
Protease (PPase) which specifically recognized 
LeuGluValLeuPheGln/GlyPro was used to resection 
the GST-tag from the hHDAC8 fused with GST and 

Figure 1. Expression and purification of hHDAC8. 
Ten microliters of proteins from each step were loaded. 
(A) Express ion and pur i f ica t ion of hHDAC8 f rom 
pGEX-6p-1–hHDAC8 plasmid. Lane 1, Isopropyl-β-D-
thiogalactopyranoside (IPTG)-induced cells (arrow indicates 
GSTase–hHDAC8); lane 2, soluble lysate from induced cells; 
lane 3, soluble lysate after GST column flow-through; lane 
4, proteins after GST column flow-through with wash buffer 
(25 mM Tris-HCl, pH 8.0, containing 150 mM NaCl); lane 
5, hHDAC8 eluted from GST column by using prescission 
protease (PPase) to resection the GST-tag; lane 6, GSTase 
left on GST column base. (B) Expression and purification of 
hHDAC8 from pET21b–hHDAC8 plasmid. Lane 1, IPTG-
induced cells (arrow indicates His-hHDAC8); lane 2, soluble 
lysate from induced cells; lane 3, soluble lysate after Ni-NTA 
resin column flow-through; lane 4, proteins after Ni-NTA 
resin column flow-through with wash buffer (25 mM Tris-
HCl, pH 8.0, containing 5 mM imidazole and 150 mM NaCl); 
lane 5, His-hHDAC8 eluted from Ni-NTA resin column by 
25 mM Tris-HCl, pH 8.0, containing 250 mM imidazole, 150 
mM NaCl.
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3.2. The activity of hHDAC8 can be inhibited by GSNO, 
Cys-NO but not SNP

It was reported that Class I HDACs which include 
HDAC1, HDAC2, and HDAC3 can be the targets 
for S-nitrosylation and that NO donors significantly 
reduced the enzymatic activity of HDAC2, minimally 
influenced that of HDAC1, and were ineffective on 
HDAC3 (13). However, the effect of NO donors on 
HDAC8 has not been reported. In this study, we tested 
whether NO donors caused functional changes in 
HDAC8. As shown in Figure 2, GSNO (50-1,000 μM) 
caused concentration- and time-dependent inhibition 
of hHDAC8 activity, and the same inhibition also 
occurred with Cys-NO (75-800 μM), but not SNP. 
From our synthesis of GSNO and Cys-NO, the GSNO 
we used might contain a small amount of GSH, NaNO2, 
and oxidized glutathione disulfide (GSSG), while the 
Cys-NO might contain a small amount of cysteine and 
NaNO2 (19). We tested whether these compounds could 
cause HDAC8 inhibition. We found that GSH, cysteine, 
NaNO2, and GSSG at concentrations of 50-1,000 μM 
had no detectable effects on HDAC8 activity (data not 
shown), suggesting that the contaminating compounds 
did not contribute to the inhibitory effects of GSNO 

and Cys-NO. When DTT, a reagent that effectively 
decomposes S-nitrosothiol, was added to the GSNO 
or Cys-NO treated samples, HDAC8 activity was 
recovered completely to the original level (Figure 2), 
further supporting the hypothesis that S-nitrosylation 
plays a role in controlling HDAC8 activity.

3.3. HDAC8 can be S-nitrosylated in vitro

S-nitrosylation is involved in the regulation of a 
diverse array of protein functions and plays a dominant 
role in many signaling pathways. It was reported 
that S-nitrosylation of HDAC2 induced chromatin 
remodeling and emerged as an important regulatory 
mechanism for signal-dependent control of gene 
expression (12). In this study, we found the activity 
of hHDAC8 can be inhibited by GSNO and Cys-
NO which existed in physiological conditions but not 
SNP. Therefore we used the biotin switch method to 
detect protein S-nitrosylation in vitro. As shown in 
Figure 3, HDAC8 obtained from two plasmids can 
be S-nitrosylated in vitro by incubation with 100 μM 
GSNO. These results indicated that HDAC8 can be 
S-nitrosylated in vitro, and NO may regulate HDAC8 
function by protein S-nitrosylation.

20

Figure 2. The activity of hHDAC8 was inhibited by GSNO and Cys-NO, and the inhibition was reversed by adding DTT. (A) 
HDAC8 activity was significantly inhibited by incubating with GSNO at final concentrations of 0, 50, 100, 250, 500, 750, and 1,000 
μM for 30, 60, and 90 min. (B) 1 mM DTT was added to the sample HDAC8 incubated with GSNO for 60 min. (C) HDAC8 
activity was significantly inhibited by incubating with Cys-NO at final concentration of 0, 75, 150, 300, 600, and 800 μM for 30, 
60, and 90 min. (D) 1 mM DTT was added to the sample HDAC8 incubated with Cys-NO for 60 min. The result is representative 
of three different experiments.
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4. Discussion

HDAC8, a eukaryotic zinc-dependent HDAC, is 
important for the growth of human tumor cell lines and 
has a distinct inhibition pattern that differs from that of 
HDAC1 and HDAC3, which both share 43% sequence 
identity with HDAC8 (18). It was reported that 
HDAC8 expression correlates with a poor outcome in 
neuroblastoma and selective HDAC8 inhibition induces 
cell differentiation (7), therefore, HDAC8 may be a 
potential drug target for neuroblastoma differentiation 
therapy using HDAC8-selective inhibitors. The cloning, 
expression and purification of human HDAC8 will help 
to screen for HDAC8 selective inhibitors.
 Biological  act ions of  NO arise as  a  direct 
consequence of chemical reactions between NO or NO-
derived species and protein targets (10). NO exerts 
its action through addition to the transition metal ions 
which normally function as protein cofactors. However, 
more and more often direct structural modifications 
of peptidyl amino acid residues are being studied, 
such as the modifications of cysteine (S-nitrosylation) 
and tyrosine (nitration) residues, with respect to their 
putative signaling functions (20). It was reported 
that S-nitrosylation of histone deacetylase 2 induces 
chromatin remodelling in neurons (13). Moreover, 
NO decreases the enzymatic activity of a subgroup of 
neuronal HDACs in vitro and indicates that NO is a key 
regulator of HDAC function in mammalian neurons 
(21). In this study, we found NO donors markedly 
reduced the enzymatic activity of HDAC8 in a time 
and concentration dependent manner. The NO donors, 
GSNO and Cys-NO, which exist in the physiological 
state could inhibit the activity of HDAC8 and DTT 
can reverse this inhibition, but SNP has no effect. 
This may indicate that NO effects on HDAC8 needs a 
special structure to transfer the NO molecule, and this 
inhibition is reversible.
 In this study, we further found HDAC8 can be 
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S-nitrosylated when incubated with a NO donor (GSNO) 
at a physiological concentration. Herein, we only found 
that HDAC8 can be S-nitrosylated, but the cysteine 
modified site of HDAC8 was not determined. In 
general, there has been a delay in adequate appreciation 
of the role of S-nitrosylation in biological signaling 
by NO. This lag is attributed to a poor understanding 
of the basis for selective targeting of NO to particular 
thiols, and methodological limitations in accurately 
quantifying this modification. Of course recent 
breakthroughs in concepts and methods diminish these 
barriers, such as the SNO-SID method (10,22). There 
are nine cysteine residues in the HDAC8 sequence, 
therefore, the identification of cysteine S-nitrosylation 
sites is very necessary for further research. In addition, 
we only found S-nitrosylation of HDAC8 in vitro 
but did not detect S-nitrosylation of HDAC8 in 
physiological and pathological processes in vivo. Since 
HDAC8 associates with smooth muscle alpha-actin, is 
essential for smooth muscle cell contractility (23), and 
induces neuroblastoma cell differentiation (7), study of 
the S-nitrosylation level of HDAC8 in these processes 
may be helpful to understand the role of the molecular 
mechanisms.
 In conclusion, we cloned, expressed, and purified 
active human HDAC8 from two plasmids in Escherichia 
coli, and first found NO may regulate the activity of 
HDAC8 by S-nitrosylation in vitro. These findings 
should give some insight into the further research of 
HDAC8 in disease.
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1. Introduction

The major source of human exposure to ultraviolet (UV) 
radiation is via sunlight or artificial sources such as 
cosmetic tanning spas that use artificial UV lamps (1,2). 
UV light that reaches the surface of the earth primarily 
consists of (> 90%) ultraviolet A (UVA) radiation 
(320-400 nm), which produces reactive oxygen species 
(ROS) and has been linked to lipid, protein, and nucleic 
acid damage (3,4). The skin acts as a physiological 
barrier to protect an organism against environmental UV 
radiation, chemical pollutants, and physical injury. Skin 
is equipped with an elaborate system of antioxidants 
and enzymes that maintain the balance between 
oxidative stress and anti-oxidant defense (1,5). The 
most significant enzymes, e.g. hemeoxygenase 1 (HO-1) 
and the phase II detoxification enzymes peroxiredoxin 

1 (Prx I), NAD(P)H quinone oxidoreductase 1 (NQO1), 
glutamate-cysteine ligase, aldo-keto reductase, and 
thioredoxin reductase, are crucial to protect skin 
cells from exogenous toxicity, oxidative stress, and 
carcinogenesis (1,5). NF-E2-related factor 2 (Nrf2) is 
a member of the "cap 'n' collar" family of transcription 
factors, which also include Nrf1 and Nrf3. Upon 
heterodimerization with leucine zipper proteins such as 
small Maf proteins, Nrf2 binds to antioxidant response 
elements (AREs) or Maf recognition elements of its 
target genes and coordinates transcriptional activation 
of various antioxidant enzymes (6,7). During normal 
cellular quiescence, Nrf2 is held in the cytoplasm 
by Kelch-like ECH-associated protein 1 (Keap1) 
but is released under stress conditions, although the 
mechanism of its activation may vary depending on the 
type of cells or tissues (6,7).
 Recently, the role of Nrf2 in protecting against 
oxidative stress has been studied and reviewed (7). 
Nrf2 is involved in wound healing in mouse skin and 
Nrf2-deficient mice have an impaired oxidative stress 
defense (7,8). A study by Hirota and a previous study 
by the current authors also showed that UVA irradiation 
causes nuclear accumulation of Nrf2 in human and 
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mouse fibroblasts, respectively, and a deficiency of 
Nrf2 in these skin fibroblasts significantly increases 
cell damage caused by low (50-100 kJ•m−2) to moderate 
(250 kJ•m−2) doses of UVA irradiation (9,10). Nrf2 
may be involved in protection of HaCaT human skin 
keratinocytes from UVA irradiation by quercetin, 
an antioxidant (11). Therefore, increased cellular 
antioxidant or detoxification capacity as a result of 
increased Nrf2 levels may help with cellular defense. 
 As the top layer of skin, epidermal keratinocytes 
encounter  more UV irradiat ion and are  more 
resistant to UVA irradiation-mediated cell damage 
than fibroblasts (12,13). Nrf2 knockout mice have a 
prolonged inflammatory response after skin injury 
(8). Previously, a significant increase in Nrf2 was 
not detected in human HaCaT skin keratinocytes 
following a low to moderate dose (50-250 kJ•m−2) of 
UVA irradiation (14,15). However, down-regulation 
of Nrf2 expression may suppress cellular functions, 
such as antioxidant response, so cells may be more 
susceptible to oxidative damage, including UVA 
irradiation (5,7,8).
 Nrf2 may protect human keratinocytes against 
UVA exposure and enhanced protection of cells 
by Nrf2 may prevent radiation damage caused by 
sunbathing/tanning. The current study investigated the 
cell response to different doses of UVA irradiation. 
Earlier studies found that a moderate dose (250 kJ•m
−2) of UVA irradiation did not activate Nrf2 in HaCaT 
human skin keratinocytes while a high dose (> 500 kJ•
m−2) of UVA irradiation caused significant damage to 
these cells (13). Therefore, a moderate to high dose 
(400 kJ•m−2) of UVA irradiation was used to examine 
Nrf2 accumulation following irradiation. Further, the 
effect of Nrf2 silencing on cell damage by this dose 
of UVA irradiation was investigated in HaCaT human 
skin keratinocytes.

2. Materials and Methods

2.1. Cell culture and antibodies

Human immortalized skin keratinocytes (HaCaT 
cells) (14) were maintained in Dulbecco's Modified 
Eagle's Medium (DMEM) supplemented with 10% 
heat-inactivated fetal calf serum (FCS). Antibodies 
against Nrf2 (H300, sc-13032), and β-actin (sc-9104) 
were obtained from Santa Cruz Biotechnology (Santa 
Cruz, CA, USA). Anti-vinculin was purchased from 
Upstate Biotechnology (Waltham, MA, USA). Anti-
mouse and anti-rabbit IgG secondary antibodies 
were from Sigma-Aldrich China (Shanghai, China) 
(10,14). A lactate dehydrogenase (LDH) cytotoxicity 
assay kit was obtained from Roche Diagnostics 
(Mannheim, Germany). 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) for a cell 
viability assay was purchased from Sigma-Aldrich.

2.2. Irradiation of cells with UVA

Cells were irradiated with a broad-spectrum UV lamp 
(ultraviolet B (UVB was blocked with an appropriate 
filter) with a peak wavelength at 365 nm (MUA-165, 
Beijing Normal University, Beijing, China). The lamp 
exposure time was calculated using a radiometer (Beijing 
Normal University). The irradiation time normally took 
less than one hour. Prior to UVA irradiation, the growth 
medium was removed from the cells and retained; each 
dish was washed twice with phosphate-buffered saline 
(PBS) and cells were irradiated in PBS. In order to 
maintain a consistent temperature of 25°C, irradiation 
of cells with UVA was performed in an air-conditioned 
room as previously described (10,14). Non-irradiated 
cells were covered with foil to prevent exposure and 
used as a background control (sham = 0 kJ•m−2). After 
UVA irradiation, PBS was removed and cells were re-
incubated in retained conditional medium for a period of 
time (normally 4-8 h).

2.3. RNA Interference

Small interfering RNAs were used to knock down Nrf2 
protein levels. All small interfering RNAs (siRNAs) 
and scrambled control siRNAs (Sb) were obtained from 
Ambion siRNAs (Ambion, Austin, TX, USA): Sb: 
Silencer Negative Control siRNA (AM4611), siNrf2: 
NM_006164. #1: ID 115764, #2: ID 115763.
 For siRNA transfection, sub-confluent cells were 
detached and transfected with siRNAs using siPORT™ 
NeoFX™ Transfection Agent (AM4511, Ambion). For 
HaCaT cells, siRNA was diluted in 50 μL OPT medium 
(A) while 3 μL NeoFX was diluted in 50 μL OPT 
medium (B); the respective solutions were incubated 
for 10 min and then A and B were mixed well and 
incubated further for 10 min to allow the formation 
of siRNA complex (100 μL). All steps were carried at 
room temperature (RT). The siRNA complex was then 
plated into 6-well plates. Then 1 × 105 cells within 
1.5 mL normal cell growth medium were added to 
reach a total volume of 1.6 mL, and cells were then 
incubated at 37°C and 95% humidity with 5% CO2. 
The following day, a half volume (0.8 mL) of fresh 
medium was added and cells were incubated for a total 
of 48 h before use (10,14).

2.4. Western blotting

After cells were incubated for a period of time (normally 
8-12 h) following UVA irradiation, cell lysates were 
collected as described before (14). Equal amounts of 
proteins were mixed with loading buffer and subjected 
to electrophoresis using 8% (w/v) SDS-polyacrylamide 
gels. Separated proteins were transferred onto 
polyvinylidene fluoride (PVDF) membranes (Amersham 
Pharmacia Biotech, Little Chalfont, UK) and non-
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irradiation, the cells were cultured in conditional culture 
medium again for a further 4 h. Each well then received 
50 μL of MTT (0.5 mg/mL) in serum-free medium. 
The plates were incubated for 2.5 h at 37°C and MTT 
solution was discarded. Fifty μL of dimethyl sulfoxide 
was added to each well and the plates were shaken at 200 
rpm on an orbital shaker for 5 min before colorimetric 
analysis. The absorbance at 570 nm was measured in 
a microplate reader and expressed as the percentage of 
surviving cells compared to the vehicle control group. 
The absorbance levels, an indicator of cell viability, were 
plotted and compared to the sham-irradiated scrambled 
siRNA-treated control, which was set at 100.

2.8. Statistical analyses

Statistical analyses were carried out using a two-
tailed t test and p values below 0.05 were considered 
statistically significant. The values in the graphs 
correspond to the mean and the error bars indicate 
standard error (S.E.).

3. Results

3.1. Resistance of human skin keratinocytes to UVA-
induced morphological changes

Human primary skin keratinocytes are more resistant to 
UVA-induced damage, as gauged by membrane damage 
and morphological changes, than matching fibroblasts 
from the same biopsy (12). To investigate the effect of 
various doses of UVA irradiation on cell morphology, 
the HaCaT cells were examined by vinculin staining 
for focal adhesion following the various doses of UVA 
irradiation.
 HaCaT cells were sham-irradiated and served as 
the positive control. Staining with vinculin showed 
that, following a low (100 kJ•m−2) to moderate dose 
(250 kJ•m−2) of UVA irradiation, cell morphology was 
maintained without changes and that dot-like focal 
adhesion of molecules did not alter (Figure 1). The 
overall cell shape was maintained following the higher 
dose (500 kJ•m−2) of UVA irradiation, absent some 
specific and non-specific staining. This indicates that a 
moderate dose of UVA irradiation did not significantly 
alter the cell morphology or the staining pattern of focal 
adhesion molecules, e.g. vinculin, while a higher dose of 
UVA irradiation did alter cell morphology and the focal 
adhesion molecule vinculin in HaCaT keratinocytes. 
This result is consistent with previous reports that a 
moderate dose of UVA irradiation did not significantly 
alter the morphology of primary skin keratinocytes (12).

3.2. UVA irradiation did not significantly increase Nrf2 
protein in skin keratinocytes

Low and moderate doses (100 and 250 kJ•m−2) of 

specific bindings were blocked with 5% (w/v) non-fat 
dried-milk dissolved in tris-buffered saline with Tween 
(TBS-T) buffer. The membranes were then incubated for 
1 h at RT with Nrf2 and actin antibodies, respectively. 
Subsequently, the membranes were incubated with 
related horseradish peroxidase conjugated secondary 
antibodies for 1 h at RT. Protein bands were visualized 
on X-ray film activated by chemiluminescence using an 
ECL Western blotting system (Amersham Pharmacia 
Biotech). The intensity of bands was quantified 
by digital densitometry using NIH Image J 1.33 
software. Data were normalized to actin and expressed 
as the percentage or fold change compared to the 
corresponding control, which was set at 1 (10,14).

2.5. Immunofluorescence

HaCaT cells were cultured on glass coverslips. Four 
hours after irradiation, cells were washed twice with 
PBS, fixed with 4% (w/v) paraformaldehyde for 10 
min at RT, permeabilized with ice-cold methanol for 
another 10 min, and then washed twice with PBS. 
They were then blocked with Image-iT™ Fx signal 
enhancer (Alexa-Fluor system, Invitrogen, Carlsbad, 
CA, USA) and incubated at RT for 1 h with the 
primary antibody Nrf2 (1:200) or vinculin (1:50) 
and washed twice in PBS for 30 min; afterwards, 
cells were incubated with secondary antibody Alexa 
Fluor 488-conjugated goat anti-rabbit or anti-mouse 
IgG or (1:1,000, Invitrogen) for 1 h, washed again in 
PBS, and mounted onto glass microscope slides using 
VECTASHIELD® Hard_Set™ Mounting Medium. 
Cells were analyzed under a Nikon Eclipse TE2000-U 
epifluorescence microscope. Images were recorded 
using the software program UltraVIEW (10,14).

2.6. LDH assay

The percentage of extracellular LDH leakage served 
as an indicator of membrane damage. LDH was 
determined using a cytotoxicity detection kit (Cat. 
No. 11644793001, Roche Diagnostics) following the 
instructions supplied. SiNrf2-treated cells (7,500) 
were seeded onto 96-well plates for 48 h, irradiated 
with UVA, and then re-incubated for 4 h. LDH release 
was then measured as described previously (8,10). 
The fraction of extracellular LDH was represented 
as the percentage of total LDH and expressed as the 
fold increase relative to the sham-irradiated scrambled 
siRNA-treated control, which was set at 1.

2.7. Cell viability assay

HaCaT cells were transfected with siRNA as described 
above and seeded onto 96-well plates (200 μL, 7,500 
cells/well). Cells were grown for 48 h and then 
were exposed to 100-500 kJ•m−2 of UVA light. After 
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UVA irradiation are strong inducers of Nrf2 in FEK4 
human skin fibroblasts but weak inducers of Nrf2 in 
human skin keratinocytes (10,14,15). To investigate 
if a moderate to high dose (400 kJ•m−2) of irradiation 
altered Nrf2 localization, HaCaT was exposed to this 
dose of irradiation. Results revealed a less than 2-fold 
increase in Nrf2 protein levels in HaCaT cells 4 and 8 
h after UVA irradiation (Figure 2A). Immunostaining 
analysis showed that Nrf2 protein was maintained 
in the nucleus of non-irradiated control cells, and it 
accumulated slightly in cells 4 and 8 h after this dose 
of irradiation. This result indicates that despite its 
activation in skin fibroblasts (10,14) Nrf2 was not 
significantly activated in human skin keratinocytes 
following UVA irradiation.

3.3. Reduction of Nrf2 increased cell damage induced 
by 400 kJ•m–2 of UVA in HaCaT cells

A study demonstrated that a moderate dose (250 kJ•m−2) 
of UVA irradiation significantly induced the expression 
of Nrf2 in skin fibroblasts and that Nrf2 protected the 
cells against this dose of UVA irradiation-mediated 
membrane damage, which was measured with an LDH 
assay (10). Nrf2 was expected to protect HaCaT skin 
keratinocytes, though UVA irradiation caused only 
a slight increase in Nrf2 protein levels and nuclear 
accumulation in these cells (Figure 2).
 To demonstrate the importance of Nrf2 in UVA 
irradiation-mediated cell damage, the Nrf2 gene was 

knocked down in HaCaT cells using siRNA. Knock 
down of Nrf2 protein levels was confirmed by Western 
blotting analysis, which revealed a significant decrease 
in Nrf2 protein levels following siRNA transfection 
(Figure 3).
 Cell damage was demonstrated by the loss of 
the integrity of the membrane, as gauged by LDH 
release and viability (MTT assay). HaCaT Cells were 
pretreated with vehicle or scrambled siRNA and siNrf2 
during plating and grown to 90% confluence. Cells 
were then either sham or UVA (400 kJ•m−2)-irradiated 
and further incubated in normal medium for 4 h. As 
shown in Figure 4, without UVA irradiation siRNA 
had a negligible effect on the leakage of LDH and 
viability of HaCaT cells, but 400 kJ•m−2 of UVA 
irradiation caused a 1.7-fold increase in LDH leakage, 
representing a significant increase (Figure 4A). This 
dose of UVA irradiation caused a 10% decrease in 
cell viability (Figure 4B), representing a significant 
reduction in viability. UVA-induced LDH leakage was 
further increased to 2.3- and 2.5-fold by pre-treatment 
with 10 and 50 nM of siNrf2, respectively (p < 0.05) 
(Figure 4A). UVA-induced loss of viability was further 
increased to 15% and 20% by pre-treatment with 10 
and 50 nM of siNrf2, respectively (p < 0.05) (Figure 
4B). A different exon targeting siNrf2 also provided 
similar results (data not shown). These results indicate 
that loss of Nrf2 significantly increased cell damage in 
human HaCaT keratinocytes irradiated with a moderate 
to high dose (400 kJ•m−2) of UVA.
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Figure 1. Immunocytochemical analysis of morphology and vinculin pattern following UVA irradiation of HaCaT cells. 
Cells were non-irradiated (sham) or irradiated with the doses indicated and then fixed and subjected to vinculin immunostaining 
for 4 h following UVA irradiation, as described in the Materials and Methods.
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4. Discussion

Exposure to excessive UV irradiation in the form 
of sunlight adversely affects the skin, causing 
erythema, sunburn, pigmentation, hyperplasia, 
immunosuppression, skin aging, and cancer (2,3). 
In recent years, air pollution has caused ozone layer 
depletion, leading to increased exposure to UV. As a 
result, the incidence of skin ailments, such as skin aging 
and skin cancer, has dramatically increased worldwide 
(1,3). Therefore, a natural area of interest would be 
to identify protective molecules, including those in 
natural products, that can activate cellular defense, i.e., 

27

via activation of Nrf2 to protect against UVA-induced 
oxidative stress.
 Earlier work demonstrated that HaCaT keratinocytes 
are resistant to UVA-mediated membrane damage 
at lower doses of radiation (13,14). Study of cell 
morphology found that low and moderate doses (100 
and 250 kJ•m−2) of UVA irradiation did not alter cell 
focal adhesions and overall cell morphology, which is 
consistent with results of an earlier study indicating that 
human primary keratinocytes are generally resistant 
to UVA-mediated damage as gauged by LDH and cell 
morphology (12).
 Nrf2 is ubiquitously expressed in a wide range of 
tissues and cell types, including keratinocytes (14). 
Nrf2 is involved in wound healing in mouse skin 
and Nrf2-deficient mice have an impaired oxidative 
stress defense (8). Previous studies have shown that 
UVA causes nuclear accumulation of Nrf2 in murine 
fibroblasts (9). Nrf2 is activated by UVA irradiation, and 
silencing of Nrf2 significantly increases UVA-mediated 
membrane damage in human primary skin fibroblasts 
(10). However, a recent study by the current authors 
showed that moderate dose of UVA irradiation did not 
significantly increase Nrf2 protein levels in HaCaT skin 
cells (14). UVA irradiation also has no effect on Nrf2 
expression levels in murine skin keratinocytes, though 
electrophilic chemicals activate Nrf2 and induce Nrf2-
mediated gene expression (15).
 Nrf2 may play an important role in protecting skin 

Figure 3. Silencing of Nrf2 reduced Nrf2 protein levels. 
HaCaT cells were transfected with vehicle control (V), 50 
nM of negative scrambled control siRNA (Sb), and siNrf2 
using siPORT NeoFX transfection reagent (Ambion), as 
described in the Materials and Methods. Cells were grown on 
6-well plates for 48 h and collected and then Nrf2 levels were 
analyzed using Western blotting.

Figure 2. UVA irradiation slightly induced Nrf2 protein expression and nuclear accumulation in HaCaT. HaCaT cells 
were subjected to 400 kJ•m−2 UVA irradiation and re-incubated for the time indicated and then subjected to Western blotting 
(A) and immunofluorescence (B) analysis using Nrf2 antibody, as described in the Materials and Methods. The result shown 
is representative of 3 independent experiments. In the densitometric analysis of the Western blotting data, Nrf2 expression was 
normalized to actin and the sham-irradiated control was set to 1. Each bar represents the mean ± S.E.M., n = 3. p > 0.05. a, sham-
irradiated; b, 4 h after UVA; c, 8 h after UVA.
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cells against oxidative stress, which includes UVA 
irradiation-induced damage (10,11). A moderate to high 
dose (400 kJ•m−2) of UVA irradiation slightly increased 
Nrf2 protein levels, although not significantly, and 
immunostaining also revealed that Nrf2 accumulated 
only slightly in the nucleus following this dose of 
UVA irradiation, the same as happens at 250 kJ•m−

2 (14) and 500 kJ•m−2 (data not shown). The current 
results are supported by those of Durchdewald's study 
that observed no activation of Nrf2 following a low 
to moderate dose of UVA radiation (15). Further, cells 
sensitized to Nrf2 suffered more UVA irradiation-
mediated cell damage, as demonstrated by a decrease in 
cell viability and increase in the release of LDH. This 
supports the notion that Nrf2 plays a role in protecting 
both skin keratinocytes and fibroblasts from exposure 
to UVA irradiation (10,11).
 Skin is a major target of exposure to UVA irradiation 
and the chronic toxic and carcinogenic effects of 
different substances. Oxidative damage plays a role in 
many age-related chronic degenerative diseases like 
aging of the skin, which is induced by UVA irradiation, 
so further understanding of the protection offered by 
Nrf2 expression may provide clues to new modalities 

for in vivo skin protection and prevention of skin 
disorders (7). A decline in Nrf2 function also sensitizes 
cells to oxidative stress during aging; increased Nrf2 
levels are noted in the cells of long-lived mice and high 
Nrf2 levels protect these cells against oxidant-induced 
damage (7,16-20). Liu demonstrated that Nrf2 levels 
increased by the suppression of Keap1 can therefore 
protect human keratinocytes against UVA-induced 
damage (21). Although the mechanisms underlying 
Nrf2 protection of skin cells must be evaluated further, 
there is evidence that it may protect skin keratinocytes 
from damage to the cell membrane caused by UVA 
irradiation by maintaining membrane integrity and 
enhancing cell survival (12).
 In summary, the current study has provided 
the evidence that Nrf2 protects skin keratinocytes 
from damage caused by UVA irradiation. Since 
epidermal keratinocytes are constantly exposed to 
UVA irradiation, activation of Nrf2 may prove to be 
critical to the effective protection of human skin cells. 
Increased Nrf2 levels may be a desirable action of skin 
care supplements or sun protection products.
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1. Introduction

Oxidative stress takes place due to the disturbance 
of the balance between the formation of reactive 
oxygen species (ROS) and the defense provided by 
cellular antioxidants (1). Reduced glutathione (GSH), 
ubiquitously distributed in all mammalian cells, is a 
reducing sulfhydryl (-SH) tripeptide and plays important 
roles in the endogenous antioxidant system because it 
conjugates toxic substances (2). Intracellular GSH and 

its related enzymes, such as glutathione peroxides (GPx), 
glutathione-s-transferase (GST), glutathione reductase 
(GR), and glutamate cysteine ligase (GCL), constitute 
the cellular glutathione antioxidant system and represent 
a crucial defensive system to protect cells against ROS. 
 The presence of tumors in the human body or 
in experimental animals is known to affect various 
functions of vital organs even when the site of the 
tumor is not close to the organ (3). There are two 
characteristics of tumor cells compared to normal cells: 
one is the increased generation of ROS and the other 
is the decreased capacity to eliminate ROS, leading 
to damage to other normal tissues (4). The GSH 
concentration in the brain is lower than that in the liver, 
kidney, spleen, and small intestine. Furthermore, there 
is a large concentration of unsaturated lipids and a high 
rate of oxidative metabolism in the brain (5,6), so the 
brain is especially vulnerable to oxidative stress injury 
compared to other organs (7). However, whether or not 
a high level of ROS caused by the progression of a non-

Original Article

Summary Oxidative stress takes place due to an imbalance between the production of reactive oxygen 
species (ROS) and the protection provided by cellular antioxidants. High levels of ROS 
are caused by tumor cells during tumor progression and may affect the functions of other 
important organs. The present study sought to investigate whether non-primary brain 
tumors affect reduced glutathione (GSH) levels and the activity of related enzymes in the 
brain. GSH contents, the activity of glutathione peroxidase (GPx), glutathione-s-transferase 
(GST), glutathione reductase (GR) as well as glutamate cysteine ligase (GCL) were 
determined in the brains of normal and tumor-bearing mice treated with the chemotherapy 
drug 5-Fluorouracil (5-Fu) or not. The results in S180 and H22 tumor-bearing mice showed 
that GSH levels and the activity of GPx, GST, and GCL all decreased while GR activity 
markedly increased in the brains of tumor-bearing mice compared to those of normal mice. 
Further investigation found that 5-Fu, a typical chemotherapy drug, significantly inhibited 
tumor growth but did not improve the loss of redox homeostasis in the brain caused by non-
primary brain tumors. Overall, these results suggest that non-primary brain tumors can 
induce an ROS burden in the brain that cannot be reversed by the chemotherapy drug 5-Fu.
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primary brain tumor affects the glutathione antioxidant 
system in the brain remains unclear.
 Since brain tissue cannot be obtained from cancer 
patients with non-primary brain tumors, a mice model 
with clinical features was established to investigate 
whether non-primary brain tumors affect GSH levels 
and the activity of GSH-related enzymes in the brain. 
The present study sought to compare GSH levels and 
the activity of GSH-related enzymes in the brains of 
a control group and model and 5-Fluorouracil (5-Fu) 
groups using mouse models of transplanted S180 and 
H22 tumors.

2. Materials and Methods

2.1. Experimental animals

Specific pathogen-free male ICR mice (6-8 weeks age) 
from the Chinese Academy of Science were housed in 
plastic cages, kept on a light-dark rhythm of 12 h-12 h 
at a constant temperature (22 ± 1°C) and humidity (65 
± 5%), and allowed free access to water and a standard 
diet during the experiment. Animal handling procedures 
were carried out in accordance with Chinese state 
legislation on the use and care of laboratory animals 
and this study was approved by the Experimental 
Animal Ethical Committee of the Shanghai University 
of Traditional Chinese Medicine. All efforts were 
made to minimize animals' suffering and to reduce the 
number of animals used.

2.2. Experimental mice protocol

Thirty ICR male mice were randomly divided into three 
groups, with each group consisting of 10 mice. One group 
was the control group, one was a model group (untreated), 
and one was a 5-Fu group (treated). Each mouse was 
subcutaneously injected in the right axilla with S180 or 
H22 ascites tumor cells (approximately 2 × 106 cells/
mouse) except the control group. Twenty-four hours after 
implantation, the 5-Fu group served as the treatment 
group and was intraperitoneally administered a 5-Fu 
dose of 25 mg/kg/2d a total of five times. The control 
and model groups were treated with the same volume 
of normal saline. Fourteen days after implantation, the 
animals were sacrificed. Tumor tissue was totally excised 
from the animal and accurately weighted. Meanwhile, the 
brain was excised from the animal and stored at −80°C. 
The tumor inhibition ratio (%) = [(A-B)/A] × 100, where 
A is the average tumor weight for the model group and B 
is that for the 5-Fu group.

2.3. Measurement of GSH content 

Brain homogenates were prepared in a cold phosphate 
buffer, pH 7.0, containing 1mM EDTA and 5% 
metaphosphoric acid, sonicated twice at 4°C, and then 

centrifuged at 10,000 g at 4°C for 10min. The GSH 
contents in the brain homogenate were determined 
in accordance with a reported method (8) with minor 
modifications. The reaction mixture contained 1mM 
EDTA, NADPH (0.24 mM), glutathione reductase (0.06 
Units), DTNB (86 μM), and the sample. Yellow 5-thio-
2-nitrobenzoic acid (TNB) formation was monitored 
at 412 nm. GSSG was determined after elimination of 
GSH with 2-vinylpyridine. The levels of GSH were 
calculated from the difference between concentrations 
of total glutathione (GSH + GSSG) and GSSG. 
Values are expressed as mM/g protein of brain tissue 
homogenates used.

2.4. Measurement of GPx enzymatic activity

Brain homogenates were prepared in ice-cold PBS 
(pH 7.0), sonicated twice at 4°C, and then centrifuged 
at 4°C, 3,000 g for 5 min. The supernatant was 
transferred to new tubes for GPx enzymatic activity 
assay. GPx activity was determined from brain tissue 
homogenate in accordance with a previously reported 
method (9) with minor modifications. The enzymatic 
activity of GPx was expressed as Unit/mg protein, 
where 1 Unit of GPx activity was defined as 1 μM 
GSH depleted per minute.

2.5. Measurement of GST enzymatic activity

Brain homogenates were prepared in ice-cold PBS 
(pH 7.0), sonicated twice at 4°C, and then centrifuged 
at 4°C, 3,000 g for 5 min. The supernatant was 
transferred to new tubes for GST enzymatic activity 
assay. GST activity was measured from brain tissue 
homogenate in accordance with a previously reported 
method (10) with minor modifications. The enzymatic 
activity of GST was expressed as Unit/mg protein, 
where 1 Unit of GST activity was defined as 1 μM 
GSH depleted per minute.

2.6. Measurement of GR enzymatic activity

Brain homogenates were prepared in ice-cold PBS 
(pH 7.0), sonicated twice at 4°C, and then centrifuged 
at 4°C, 3,000 g for 5 min. The supernatant was 
transferred to new tubes for GR enzymatic activity 
assay. GR activity from brain tissue homogenate was 
assayed in accordance with a reported method (11) 
with minor modifications. The enzymatic activity of 
GR was expressed as mUnit/mg protein, where 1 Unit 
of GR activity was defined as 1 mM GSSG catalyzed 
per minute.

2.7. Measurement of GCL enzymatic activity

Brain homogenates were prepared in ice-cold PBS 
(pH 7.0), sonicated twice at 4°C, and then centrifuged 
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of 5-Fu significantly inhibited tumor growth in 
S180 tumor-bearing mice; the ratio of tumor growth 
inhibition was 81.9%. Similar results were observed in 
H22 tumor-bearing mice as shown in Figure 1B. The 
current results are consistent with those of previous 
studies indicating that 5-Fu markedly inhibited tumor 
growth (13,14).
 GSH is a ubiquitously distributed antioxidant that 
can exacerbate exogenous toxic injury, enhance defense 
against oxygen free radicals, and regulate immune 
function (15). GSH levels in the brains of S180 tumor-
bearing mice treated with 5-Fu or not and normal 
mice were investigated. As shown in Figure 2A, the 
GSH levels in the brains of the model group declined 
significantly compared to levels in the control group 
(p < 0.01). Meanwhile, the average brain GSH levels 
of the 5-Fu-treated group increased slightly but not 
significantly so compared to levels in the model group. 
Similar results with regard to the changes in GSH levels 
in the brains of different groups were also observed 
in H22 tumor-bearing mice, as shown in Figure 2B. 
The results of Figures 1 and 2 indicate that GSH levels 
decreased in the brains of mice bearing non-primary 
brain tumors. The chemotherapy drug 5-Fu significantly 
inhibited tumor growth but it did not improve GSH 
levels in the brain.

at 4°C, 10,000 g for 5 min. The supernatant was 
transferred to new tubes for GCL enzymatic activity 
assay. GCL activity was assayed in accordance with 
a previously reported method (12). The enzymatic 
activity of GCL was expressed as Unit/min/mg 
protein, where 1 Unit of GCL activity was equal to 
the amount of enzyme that oxidized the reduction of 
1 mM NADPH per minute.

2.8. Statistical analysis

Data from all experiments are expressed as means ± 
S.E.M. Statistical comparisons were subjected to an 
analysis of variance (ANOVA) and LSD-test using 
SPSS version 11.5, and p < 0.05 was considered 
a statistically significant difference. All statistical 
analyses were performed using SigmaPlot version 10.0 
software.

3. Results

3.1. Comparison of GSH levels in the brains of non-
tumor-bearing mice and tumor-bearing mice treated with 
5-Fu and not treated with 5-Fu

The results in Figure 1A show that administration 

Figure 1. Decreased tumor area in S180 and H22 tumor-bearing mice treated with 5-Fu. (A) S180 tumor-bearing ICR mice; 
(B) H22 tumor-bearing ICR mice. ***, p < 0.001 vs. the model group.
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3.2. Changes in GPx and GST activity in the brains 
of non-tumor-bearing mice and treated and untreated 
tumor-bearing mice 

Previous studies have reported that GSH plays 
important roles in two forms of chemical detoxification 
and anti-oxidative defense: one is the inactivation of 

ROS either via direct GSH-ROS interaction or via 
catalysis through GPx, and the other is the accelerated 
excretion of less toxic GSH-xenobiotic conjugates via 
GST (16,17). GPx and GST activity in the brains of 
S180 tumor-bearing mice treated with 5-Fu or not and 
normal mice was further investigated. As shown in 
Figure 3A, in S180 tumor-bearing mice GPx activity 
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Figure 2. GSH levels in the brain tissues of each group. (A) GSH levels in brains of S180 tumor-bearing mice; (B) GSH levels 
in brains of H22 tumor-bearing mice. *, p < 0.05; **, p < 0.01; ***, p < 0.001 vs. the control group.

Figure 3. GPx and GST activity in the brain tissues of each group. (A) GPx activity in brains of S180 tumor-bearing mice; (B) 
GST activity in brains of S180 tumor-bearing mice; (C) GPx activity in brains of H22 tumor-bearing mice; (D) GST activity in 
brains of H22 tumor-bearing mice. *, p < 0.05; ***, p < 0.001 vs. the control group. #, p < 0.05; ##, p < 0.01 vs. the model group.
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in the brain decreased significantly in the model group 
compared to the control group (2.23 Unit/mg protein 
vs. 3.18 Unit/mg protein, p < 0.001). Moreover, the 
GPx activity in the 5-Fu group was even lower than 
that in the model group (1.81 Unit/mg protein vs. 2.23 
Unit/mg protein, p < 0.05). Further, results for H22 
tumor-bearing mice (Figure 3C) showed that the model 
group had GPx activity of 1.77 Unit/mg protein while 
the 5-Fu-treated group had activity of 1.80 Unit/mg 
protein; there were no significant differences between 
the two. GPx activity in the brains of the model group 
and 5-Fu-treated group was lower than that in the 
control group, which had activity of 2.47 Unit/mg 
protein (p < 0.001). As shown in Figure 3B, in S180 
tumor-bearing mice the GST activity in the brains of 
the model group declined significantly compared to 
activity in the control group (p < 0.05). Further, the 
decreased GST activity in tumor-bearing mice was 
reversed by 5-Fu to a level higher than that in the 
model group (p < 0.01). Similar data were obtained 
from H22 tumor-bearing mice except for GST activity, 
which increased little in the 5-Fu-treated group 
compared to the model group (p ≥ 0.05) (Figure 3D). 
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3.3. Changes in GCL and GR activity in the brains of 
non-tumor-bearing mice and treated and untreated 
tumor-bearing mice 

In order to identify the possible reasons for the change 
in GSH levels, the activity of GR and GCL, which 
are both main enzymes involved in the synthesis and 
regeneration of GSH, was measured. GR enzymatic 
activity was investigated in three groups of mice, i.e., 
those bearing S180 tumors and administered 5-Fu, those 
bearing S180 tumors and not administered 5-Fu, and 
normal mice. The results shown in Figure 4A indicate 
that GR activity increased slightly in the brains of the 
model group in comparison to the control group (p ≥ 
0.05). Moreover, GR activity in the brains of the 5-Fu-
treated group was much greater than that in brains of 
the control group (p < 0.01). Similarly, results for H22 
tumor-bearing mice as shown in Figure 4C indicate that 
the activity of GR in the brains of mice treated with 5-Fu 
and mice not treated with 5-Fu was significantly greater 
than that in the control group, which had activity of 8.87 
mUnit/mg protein (p < 0.01). Levels of GCL activity 
in the three groups were also investigated. As shown in 

Figure 4. GR and GCL activity in the brain tissues of each group. (A) GR activity in brains of S180 tumor-bearing mice; (B) 
GCL activity in brains of S180 tumor-bearing mice; (C) GR activity in brains of H22 tumor-bearing mice; (D) GCL activity in 
brains of H22 tumor-bearing mice. *, p < 0.05; **, p < 0.01; ***, p < 0.001 vs. the control group.
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Figure 4B, GCL activity in the brains of S180 tumor-
bearing mice decreased slightly compared to that in the 
model group (p < 0.05). In addition, decreased GCL 
activity was slightly reversed by administration of 5-Fu 
(p ≥ 0.05) and almost rose to the level in the control 
group. Similar results as shown in Figure 4D were 
also obtained for H22 tumor-bearing mice. Although 
GCL activity in the brains of the 5-Fu-treated group 
increased slightly in comparison to the model group, it 
was still lower than the level in the control group (p < 
0.05).

4. Discussion

Tumors severely affect human health, and their 
incidence and mortality rates are increasing worldwide. 
5-Fu is a typical chemotherapy drug for nonhematologic 
malignancies that is widely used in the treatment of a 
range of cancers (18,19). The present study selected 
5-Fu since previous studies have used it to treat cancer 
(13,14). Xenografted S180 and H22 cells are typically 
both chosen when creating in vivo tumor models (20,21). 
In this regard, the present study used S180 and H22 
ascites tumor cells subcutaneously injected into the 
right axilla of ICR mice to create a tumor model in vivo. 
The current results showed that 5-FU clearly inhibited 
S180 and H22 tumor growth. 
 Cancer cells can produce large amounts of reactive 
oxygen intermediates such as hydrogen peroxide that 
may injure surrounding healthy tissue and therefore 
promote tumor growth and invasion (4). Of the main 
organs in mammals, the brain is particularly susceptive 
to ROS damage due to its richness in polyunsaturated 
fatty acids (22-24). The whole GSH antioxidant system 
is shown in Figure 5, and GSH and its related enzymes 

such as GPx, GST, GCL, and GR are the major 
components involved in this system. GSH, as a major 
antioxidant with a high concentration of approximately 
2-3 mM, plays a crucial protective role in protecting 
the brain against ROS (6). The present study found that 
GSH levels in the brain clearly decreased in tumor-
bearing mice but slightly increased in the brain with 
5-Fu treatment, although the levels were still lower than 
those in the control group. These results demonstrate 
that non-primary brain tumors significantly decreased 
GSH levels in the brain and these decreased levels were 
not reversed by 5-Fu. 
 Cytosolic GPx is an enzyme containing four 
selenium-cofactors that protects tissues from damage 
by catalyzing the breakdown of hydrogen peroxide 
and organic hydroperoxides (25). The current results 
showed that brain GPx activity largely decreased 
in tumor-bearing mice compared to non-tumor-
bearing mice, and this decrease was not reversed 
by administration of 5-Fu. In combination with 
the results of GSH analysis, results suggest that 
5-Fu inhibited tumor growth but did not improve 
redox homeostasis. GST is a member of a family of 
detoxification enzymes that metabolizes a variety of 
carcinogens by conjugating GSH to a wide variety of 
xenobiotics, which can then be excreted out through 
thioether formation (26). In the present study, brain 
GST activity declined markedly in tumor-bearing mice 
compared to non-tumor-bearing mice. As mentioned 
above, these results suggest that non-primary brain 
tumors decrease the detoxification activity of 
xenobiotic and endobiotic compounds in the brains 
of tumor-bearing mice. Furthermore, decreased 
GST activity in tumor-bearing mice was reversed by 
administering 5-Fu, which indicates that 5-Fu may 
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Figure 5. The whole GSH antioxidant system, including GSH, GPx, GST, GR, and GCL, is shown here.
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increase the detoxification activity of GST in the 
brains of tumor-bearing mice. Previous studies have 
reported that increased GST activity is closely related 
to the resistance of tumor cells to cancer drugs used 
in cancer studies over the past three decades (27,28). 
In this regard, the current results indicate that GST 
activity increased by 5-Fu may enhance the resistance 
of tumor cells to chemotherapy drugs.
 There are two major pathways involved in 
regulating cellular  GSH contents:  one is  GR, 
which catalyzes the reduction of GSSG to GSH via 
consumption of NADPH (11); the other is GCL, which 
is the rate-limiting enzyme in GSH synthesis (29). 
The present study found that GR activity was highly 
elevated in treated and untreated tumor-bearing mice 
compared to the control group. Increased GR activity 
may conceivably be due to the body's self-feedback 
regulation. Results also indicated a marked decrease 
in GCL activity, and this may augment the depletion 
of GSH in the brains of tumor-bearing mice. Results 
also showed that 5-Fu slightly reversed this decline, 
indicating that 5-Fu may slightly increase GCL 
activity. 
 There  a re  repor t s  tha t  ox ida t ive  s t ress  i s 
implicated in the pathogenesis of a broad range of 
neuropathological conditions, including ischemia, 
Alzheimer's disease (AD), Parkinson's disease (PD), 
multiple sclerosis, stroke, and seizure disorders 
(30-34). Additionally, oxidative stress injury caused 
by ROS seems to be closely related to the loss of 
neurons during stroke and neurodegenerative diseases, 
thereby increasing the ROS burden and consequently 
reducing antioxidant capacity (35). The present 
study found that non-primary brain tumors reduced 
antioxidant capacity and led to the loss of redox 
homeostasis in the brain. Excessive free radicals are 
capable of precipitating brain dysfunction. Although 
5-Fu is, as a typical chemotherapy drug, able to inhibit 
tumor growth, it cannot, however, improve redox 
homeostasis and even increases the ROS burden in the 
brain. 
 Taken together, the current results are the first to 
show that non-brain primary tumors affect GSH levels 
and the activity of glutathione-related enzymes in the 
brain. This study also emphasizes the need for caution 
when choosing clinical agents for cancer treatment 
particularly for patients with a brain dysfunction. 
Further research on the exact mechanism through 
which how non-primary brain tumors increase the 
ROS burden in the brain is needed.
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1. Introduction

Aplastic anemia is a hematological disorder with a high 
lethality rate in which all cellular components of bone 
marrow origin are deficient (1). The annual incidence 
rate reported in the literature ranges from 1.5 to 24.6 

cases per million with a range for more rigorous studies 
to be 1.5 to 5.0 (2). The determination of risk factors 
for aplastic anemia faces multiple difficulties. The 
evidence of myelotoxicity of several drugs, infectious 
agents, solvents, and other environmental toxins is 
circumstantial; there are no tests available that could 
confirm their cause-effect relationship. In addition, 
multiple exposures are the rule. For these reasons most 
cases are classified as idiopathic (3).
 Exposure to lead can result in significant effects in 
multiple organs, with the hematopoietic system being 
an important target (4-6). Lead interferes with heme 

Original Article

Summary Concern about environmental lead exposure as a significant public health threat has 
increased as evidence has accumulated regarding adverse health effects at successively 
lower levels. Aplastic anemia is a hematological disorder of unknown etiology with a high 
lethality rate. Lead is a known toxicant for the hematopoietic system. Oxidative stress 
appears to be the possible mode of lead toxicity. We evaluated the effects of blood lead 
level on oxidative stress parameters in children suffering from aplastic anemia disease. 
Seventeen children with aplastic anemia disease (15 male and 2 female, age 3-12 y) were 
recruited in the study group. Fifty one healthy children (45 male and 6 female, age 3-12 y) 
having normal blood profiles and not suffering from any chronic disease(s) were used as 
controls. Blood lead level and oxidative stress parameters were determined. Mean blood 
lead level was significantly higher while δ-aminolevulinic acid dehydratase (δ-ALAD) 
activity, a biomarker for lead exposure was significantly lower in the study group as 
compared to the control group (p < 0.05 for each). Thiobarbituric acid reactive species 
(TBARS), a marker of lipid peroxidation, was significantly higher while the antioxidant 
glutathione (GSH) level was significantly lower in the study group as compared to the 
control group (p < 0.05 for each). Activity of the antioxidant enzyme catalase (CAT) was 
significantly higher in the study group than in the control group (p < 0.05). There was a 
significant negative correlation of blood lead levels with δ-ALAD (r = −0.45; p < 0.05) and 
GSH (r = −0.32; p < 0.05), and a positive correlation with TBARS (r = 0.41; p < 0.05) and 
CAT (r = 0.37; p < 0.05). Although a causal pathway cannot be determined from this study, 
our results indicated that lead induces oxidative stress in children suffering from aplastic 
anemia. Lead-induced oxidative stress as an underlying mechanism for aplastic anemia 
warrants further research.
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biosynthesis, and it affects formation and function of 
erythrocytes. A shortening of erythrocyte life span was 
observed by Terayama (7) in experiments with rats. 
Grandjean et al. (8) reported a lead-dependent delay 
for the regeneration of human erythrocytes. Lead, 
furthermore, interferes with iron utilization for heme 
formation, and radio-iron studies showed that lead 
competes with iron for incorporation into erythrocytes 
(9). If lead was indeed toxic to the hematopoietic 
system, one would expect the risk of aplastic anemia 
might be associated with lead exposure.
 Children are more susceptible to lead exposure than 
adults because of their hand to mouth activity, increased 
respiratory rates and higher gastrointestinal absorption 
per unit body weight (10). In the 1960s, a blood lead 
level of 60 μg/dL was considered safe. Due to increased 
understanding of lead toxicology, the acceptable blood 
lead level was reduced to 25 μg/dL in 1985 and 10 μg/
dL in 1991 by the Center for Disease Control (CDC), 
USA. Despite these changes, subclinical effects of lead 
exposure have been reported at blood lead levels less 
than 10 μg/dL (10). This issue is further complicated 
by the fact that there is no demonstrated biological 
function of lead in humans. As such, it is arguable that 
a "safe" blood lead level cannot be defined.
 Evidence suggests that cellular damage mediated 
by oxidants  may be involved in  some of  the 
pathophysiology of human diseases including aplastic 
anemia (11-13). Free radical generation seems to be 
the possible mechanism of lead toxicity (14-18). In the 
present study we evaluated the effect of blood levels on 
oxidative stress parameters in children suffering from 
aplastic anemia disease.

2. Materials and Methods

2.1. Chemicals

δ-Aminolevulinic acid (δ-ALA), reduced glutathione 
(GSH), 5,5'-dithio-bis-(2-nitro benzoic acid) (DTNB), 
thiobarbituric acid (TBA) and lead standards were 
purchased from Sigma Chemical Co., St. Louis, MO, 
USA. Hydrogen peroxide (H2O2) (30%) was obtained 
from E. Merck, Mumbai, India. All the other chemicals 
used were of the highest purity available from 
commercial sources.

2.2. Selection of patients

The study was designed to enroll children with aplastic 
anemia in the age group ≤ 12 y. A total of 17 cases of 
childhood aplastic anemia (15 male and 2 female, age 
3-12 y) were enrolled at the Department of Pediatrics, 
Chhatrapati Shahuji Maharaj Medical University 
(CSMMU), Lucknow, India. Eligible patients were 
required to meet at least two of the following three 
criteria: white blood cell count ≤ 3.5 × 109/L, platelet 

count ≤ 50 × 109/L, and hemoglobin concentration 
≤ 10 g/dL or hematocrit ≤ 30%. If the latter criterion 
was one of the two fulfilled, a reticulocyte count ≤ 
30 × 109/L was also required. Definite diagnosis and 
final acceptance of the cases required a characteristic 
hypocelluar bone marrow biopsy (marrow cellularity 
< 30%) without gross marrow fibrosis and absence of 
infiltration by leukemia, lymphomatous, or carcinoma 
cells. These defined criteria are identical to those 
used in the International Agranulocytosis and Aplastic 
Anemia Study (IAAAS) (19).

2.3. Selection of controls

Fifty one healthy children (45 male and 6 female, age 
3-12 y) from a similar socio-economic environment 
were used as the controls. Inclusion criteria for the 
selection of controls were hemoglobin concentration 
(≥ 12 g/dL), hematocrit (40-47%), red blood cell count 
(4.0-5.5 × 1012/L), white blood cell count (4.0-11.0 
× 109/L), platelet count (200-500 × 109/L) and not 
suffering from any chronic disease(s).
 Parent's consent was obtained prior to sample 
collection and questionnaire administration. The Ethical 
Committee of CSMMU, Lucknow (India) approved 
the study. Parents of the subjects were interviewed by 
trained physicians or nurses to obtain relevant medical 
history, history of exposure to radiation, and a detailed 
case history of drug use. Patients who had received 
chemotherapy, immunotherapy or radiotherapy were 
not eligible as cases or controls. None of the subjects 
in either cases or controls were found enzyme-linked 
immunosorbent assay (ELISA) positive for anti-human 
immunodeficiency virus (HIV)-I and HIV-II antibody 
in the serum.

2.4. Blood collection and processing

Approximately 4.0 mL of venous blood was withdrawn 
from each subject. One milliliter was transferred to 
a vial containing ethylene diamine tetraacetic acid 
for routine blood investigation. Another 1.0 mL was 
transferred in a plain vial (without anticoagulant) for 
anti HIV-I and HIV-II antibody detection in serum 
by the ELISA method. These investigations were 
performed at the Department of Pathology, CSMMU, 
Lucknow. The remaining 2.0 mL blood was collected in 
pre-heparinized vials as coded samples, and transported 
under ice-cold conditions to the Analytical Toxicology 
Laboratory, Indian Institute of Toxicological Research 
(IITR), Lucknow for biochemical assays and analysis 
for lead.
 A portion of the blood was used for the preparation 
of the lysate. Briefly, blood was centrifuged at 2,500 
rpm for 15 min at 4°C and the supernatant aspirated. 
The erythrocyte rich precipitate was washed three 
times with physiological saline (3:1, v/v) and lysed 
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of differences of mean values of blood lead level and 
biochemical indices between the study and control 
groups were compared by Student's t-test. Linear 
regression analysis was performed to determine 
strength of relationship between the blood lead level 
and selected biochemical indices.

3. Results

All the subjects of this study were residents of 
Lucknow, India and its surroundings, where small-
scale industries like smelting processes, recycling of 
batteries and their use in electronics might contribute 
substantial amounts of lead to the environment even 
after the phasing out of leaded-petrol (6,13). Table 1 
represents the demographic covariates of the study and 
control groups. Age, sex, body mass index (BMI), and 
area of living in the two groups of children were not 
statistically different. Table 2 shows the comparison 
of blood lead level and biochemical indices between 
the study and control groups. Blood lead level was 
significantly higher in the study group when compared 
with the control group (p < 0.05). The δ-ALAD activity, 
a biomarker of lead exposure was significantly lower 
in the study group as compared to the control group 
(p < 0.05). Lipid peroxides in blood, as determined 
by TBARS level was significantly higher while the 
antioxidant molecule GSH was significantly lower in 
the study group than in the control group (p < 0.05 for 
each). Furthermore, antioxidant enzyme CAT activity 
was significantly higher in the children with aplastic 
anemia compared to the controls (p < 0.05).
 Figure 1 indicates the relationship strength between 
blood lead level and biochemical indices. There were 
significant negative correlations of blood lead level 
with δ-ALAD (r = −0.45; p < 0.05) and GSH level (r = 
−0.32; p < 0.05) and a positive correlation with TBARS 
(r = 0.41; p < 0.05) and CAT (r = 0.37; p < 0.05) (See 
Figure 1).

4. Discussion

The hematopoietic system has been proposed as 
being one of the important targets of lead-toxicity 
(4,5). Erythrocytes have high affinity for lead and 
typically contain the majority of lead found in the 
blood stream (25). Exposure of children with pre-
existing aplastic anemia to lead can have serious 
consequences, because lead can further impair their 
hematopoietic system. The existing experimental 
and epidemiological data on lead toxicity and the 
occurrence of significant levels of lead in the blood 
of Indian subjects, especially children, prompted us 
to study if there is an association between lead and 
childhood aplastic anemia (6,13,16,17). In the present 
study, we found that the blood lead level of aplastic 
anemia patients was significantly higher compared to 

using double distilled water. The particulate material 
was centrifuged at 15,000 rpm for 90 min at 4°C, and 
the supernatant (erythrocyte lysate) was collected 
for the determination of catalase (CAT) activity. 
Another portion of the blood was utilized for assays 
of δ-aminolevulinic acid dehydratase (δ-ALAD), 
thiobarbituric acid reactive species (TBARS), GSH, 
and analysis of lead. The person analyzing for lead and 
carrying out biochemical assays was totally blind as to 
the case history of subjects.

2.5. Biochemical assays

The European standardized method was used to 
determine blood δ-ALAD activity using δ-ALA as 
a substrate and expressed as μmol porphobilinogen 
(PBG) formed/min/L blood (20). The extent of lipid 
peroxidation in whole blood was determined by 
measuring the formation of TBARS by the method 
of Stocks and Dormandy (21) and expressed as 
nmol TBARS formed per mL blood using a molar 
extinction coefficient of 1.56 × l05 mol−1 cm−1. GSH 
was estimated in blood using Ellman's method (22) 
and expressed as μmol/mL blood. CAT activity in 
hemolysate was assayed by the method of Sinha (23) 
using H2O2 as substrate and expressed as μmol H2O2 
decomposed/min/g Hb.

2.6. Analysis of lead

Blood lead was determined using a graphite furnace 
atomic absorption spectrometer (Varian SpectrAA 250+, 
Varian Australia Pty Ltd., Victoria, Australia) (24). The 
instrument was calibrated using aqueous lead standards 
of 10, 20, 30, and 40 μg/L. The detection limit was 3 
μg/L. Fifty microliters of blood were diluted 1:10 in 
the diluent in a 1.0-mL polystyrene auto-sampler tube. 
The diluent (Triton X-100, 0.1%, w/v; NH4H2PO4, 
0.2%, w/v; NH3, 0.14 M) was prepared in deionized 
water. The calibration blank used was 0.2% nitric acid, 
0.2% NH4H2PO4 solution and the reagent blank was the 
diluent solution. Results for duplicate analysis of blood 
samples agreed within ±7%. Accuracy and precision of 
the method were checked by spiking the samples with 
known amounts of standard. Coefficients of variation 
were 6% and 4% at 10 and 40 μg/L, respectively.
 The accuracy of the method for metal estimation 
was further controlled by participation in an inter-
laboratory quality-assurance program (IITR, Lucknow) 
wherein coded samples were analyzed regularly and 
results scrutinized by the quality manager. Further, a 
quality check sample was always run with each set of 
samples for lead analysis to maintain accuracy.

2.7. Statistical evaluation

All the data were normally distributed. The significance 
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the control group.
 Investigation of lead-induced oxidative stress as 
an underlying mechanism for aplastic anemia offers 
the potential to reveal more about the etiology of 
this complex disease and may provide opportunities 
for prevention of this disease of unknown etiology. 
Several lines of evidences suggest that cellular damage 

mediated by oxidants may be involved in some of the 
pathogenesis associated with lead intoxication (26,27). 
Oxidation phenomena and/or the formation of free 
radicals have been suggested to be causally related to 
various diseases (11-13). In the present study, activity 
of the δ-ALAD enzyme was significantly lower in 
aplastic anemia cases than in the controls. It has been 
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Table 1. Covariates of the study and control groups

Covariates

Age in year 
     (range)

BMI (kg/m2)

Sex
     Male
     Female

Area of living
     Rural
     Urban
Values represent mean ± S.D. (% of subjects). Student's t-test was applied for determining statistical signifi cance between the cases and controls.

Study group (n = 17)

       7.65 ± 2.80
           (3-12)

       14.4 ± 3.7

        15 (88)
          2 (12)

          0 (0)
        17 (100)

p value

 0.792

 0.672

 1
 1

 1
 1

Control group (n = 51)

         7.49 ± 1.91
             (3-12)

         14.0 ± 2.8

           45 (88)
             6 (12)

             0 (0)
           51 (100)

Table 2. Blood lead level and biochemical indices of the study and control groups

Parameters

Blood lead level (μg/dL)
δ-ALAD (μmol PBG formed/min/L blood)
TBARS (nmol/mL blood)
GSH (μmol/mL blood)
CAT (×104 μmol H2O2 decomposed/min/g Hb)

Values represent mean ± S.D. Student's t-test was applied for determining statistical significance between the study and control groups.
Abbreviations: δ-ALAD, δ-aminolevulinic acid dehydratase; TBARS, thiobarbituric acid reactive species; GSH, glutathione; CAT, catalase.

Study group (n = 17)

        9.86 ± 2.04
        3.01 ± 0.31
        23.3 ± 4.0
        16.2 ± 3.9
      119.7 ± 15.3

p value

< 0.05
< 0.05
< 0.05
< 0.05
< 0.05

Control group (n = 51)

        4.23 ± 1.23
        4.10 ± 0.59
        13.3 ± 3.9
        24.9 ± 5.2
        82.3 ± 8.7

Figure 1. Statistically significant correlations of blood lead level with selected biochemical indices. (A) Blood δ-ALAD 
activity plotted as a function of blood lead levels. (B) Blood TBARS levels plotted against blood lead levels. (C) Erythrocyte 
CAT activity plotted against blood lead levels. (D) Blood GSH levels plotted against blood lead levels. Blood lead level, μg/dL; 
δ-ALAD, μmol PBG formed/min/L blood; TBARS, nmol/mL blood; GSH, μmol/mL blood; CAT, ×104 μmol H2O2 decomposed/
min/g Hb.
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suggested that inhibition of δ-ALAD enzyme by lead 
directs the accumulation of its substrate δ-ALA that can 
be rapidly oxidized to generate free radicals (6). On 
the other hand, lead per se has the capacity to stimulate 
ferrous ion initiated membrane lipid peroxidation 
(14). Lipid peroxides in the blood, as determined by 
TBARS level, were significantly correlated with blood 
lead levels in the children of the general population 
(16,28). In this study, TBARS level was significantly 
higher in aplastic anemia patients. Our finding is 
further supported by other experimental studies where 
blood TBARS level was higher due to lead exposure 
(14,15). Peroxidation of erythrocyte membrane lipids 
can be very damaging because it leads to alterations 
in the biological properties of the membrane, such as 
the degree of fluidity and can result in inactivation of 
membrane-bound receptors or enzymes, which in turn 
may impair normal cellular function, increase tissue 
permeability and shorten the life span of blood cells.
 Lead can lower cel lular  concentrat ions of 
hematoproteins and GSH, thus reducing the redox 
buffering capacity of cells (29). In this study, GSH 
status significantly declined in the blood of aplastic 
anemia patients as compared to the controls. GSH is a 
tri-peptide containing cysteine that has a reactive thiol 
group (-SH) with reductive potency. GSH acts as a 
non-enzymatic antioxidant by direct interaction of the 
-SH group with free radicals, or it can be involved in 
the enzymatic detoxification reactions for free radicals 
as a cofactor (30). Evidence for involvement of free 
radicals in the pathophysiology of aplastic anemia also 
arises from the significant increase of erythrocyte CAT 
activity in children with aplastic anemia. CAT has been 
suggested to provide an important pathway for H2O2 
decomposition (18).
 We also found significant correlations of blood 
lead level with the selected biochemical indices.  It is 
therefore, interesting to note that in aplastic anemia 
patients lead-induced oxidative stress directs membrane 
lipid peroxidation with a concomitant decrease in 
antioxidants like GSH and activity of antioxidant 
enzymes such as CAT which increases to scavenge free 
radicals (12). However, it is anticipated that there may 
be a number of plausible reasons for increased oxidative 
stress in aplastic anemia patients and the results of this 
study may be limited due to limited statistical power 
but certainly form the basis for a larger sample size 
study with greater statistical power, taking into account 
all the known confounders of the disease.

Acknowledgements

Authors express their sincere thanks to Mrs. Poonam 
Saxena for her assistance in lead analysis. MA and MJA 
sincerely thank the Council of Scientific and Industrial 
Research-University Grant Commission (CSIR-UGC), 
New Delhi, India for financial support.

42

References

1. Weiss DJ. Aplastic anemia in cats – clinico-pathological 
features and associated disease conditions 1996-2004. J 
Feline Med Surgery. 2006; 8:203-206.

2. Ahamed M, Anand M, Kumar A, Siddiqui MK. 
Childhood aplastic anemia in Lucknow, India: Incidence, 
organochlorines in the blood and review of case reports 
following exposure to pesticides. Clin Biochem. 2006; 
39:762-766.

3. Brodsky RA, Jones RJ. Aplastic anaemia. Lancet. 2005; 
365:1647-1656.

4. Jacob B, Ritz B, Heinrich J, Hoelscher B, Wichmann HE. 
The effects of low level of blood lead on hematological 
parameters in children. Environ Res. 2000; 82:150-159.

5. Gurer-Orhan H, Sabir HU, Ozgüneş H. Correlation 
between clinical indicator of lead poisoning and 
oxidative stress parameters in controls and lead-exposed 
workers. Toxicology. 2004; 195:147-154.

6. Ahamed M, Singh S, Behari JR, Kumar A, Siddiqui MK. 
Interaction of lead with some essential trace metals in 
the blood of anemic children from Lucknow India. Clin 
Chim Acta. 2007; 377:92-97.

7. Terayama K. Effects of lead on electrophoretic mobility, 
membrane sialic acid, deformability and survival of rat 
erythrocytes. Ind Health. 1993; 31:113-126.

8. Grandjean P, Jensen BM, Sandø SH, Jøgensen PJ, 
Antonsen S. Delayed blood regeneration in lead 
exposure: An effect on reserve capacity. Am J Public 
Health. 1989; 79:1385-1388.

9. Labbé RF. Lead poisoning mechanisms. Clin Chem. 
1990; 36:1870.

10. Ahamed M, Siddiqui MK. Environmental lead toxicity 
and nutritional factors. Clin Nutr. 2007; 26:400-408.

11. Liégeois JF, Bruhwyler J, Petit C, Damas J, Delarge J, 
Géczy J, Kauffmann JM, Lamy M, Meltzer H, Mouithys-
Mickalad A. Oxidation sensitivity may be a useful tool 
for the detection of the hematotoxic potential of newly 
developed molecules: Application to antipsychotic drugs. 
Arch Biochem Biophys. 1999; 370:126-137.

12. Dalle-Donne I, Rossi R, Colombo R, Giustarini D, 
Milzani A. Biomarkers of oxidative damage in human 
disease. Clin Chem. 2006; 52:601-623.

13. Ahamed M, Fareed M, Kumar A, Siddiqui WA, Siddiqui 
MK. Oxidative stress and neurological disorders in 
relation to blood lead levels in children. Redox Rep. 
2008; 13:117-122.

14. Adonaylo VN, Oteiza PI. Lead intoxication: Antioxidant 
defenses and oxidative damage in rat brain. Toxicology. 
1999; 135:77-85.

15. Tandon SK, Singh S, Prasad S, Srivastava S, Siddiqui 
MK. Reversal of lead-induced oxidative stress by 
chelating agents, antioxidant or their combination in rat. 
Environ Res. 2002; 90:61-66.

16. Ahamed M, Verma S , Kumar A, S iddiqui MK. 
Environmental exposure to lead and its correlation with 
biochemical indices in children. Sci Total Environ. 2005; 
346:48-55.

17. Ahamed M, Verma S, Kumar A, Siddiqui MK. Delta-
aminolevulinic acid dehydratase inhibition and oxidative 
stress in relation to blood lead among urban adolescents. 
Hum Exp Toxicol. 2006; 25:547-553.

18. Ahamed M, Siddiqui MK. Low levels lead exposure 
and oxidative stress: Current opinions. Clin Chim Acta. 
2007; 383:57-64.



www.biosciencetrends.com

BioScience Trends. 2011; 5(1):38-43.

19. Kaufman DW, Kelly JP, Levy M, Shapiro S. The drug 
etiology of agranulocytosis and aplastic anemia: The 
International Agranulocytosis and Aplastic Anemia 
Study (IAAAS). Oxford University Press, New York, 
NY, USA, 1999.

20. Berlin A, Schaller KN. European standardized method 
for determination of delta-ALAD activity in blood. Z 
Klin Chem Klin Biochem. 1974; 12:389-390.

21. Stocks J, Dormandy TL. The auto-oxidation of human 
red cells lipid induced by hydrogen peroxide. Br J 
Hematol. 1971; 20:95-111.

22. Kuo CH, Maita K, Sleight SD, Hook JB. Lipid 
peroxidation: A possible mechanism of cephaloridine-
induced nephrotoxicity. Toxicol Appl Pharmacol. 1983; 
67:78-88.

23. Sinha AK. Colorimetric assay of catalase. Anal Biochem. 
1972; 47:389-394.

24. Giri SK, Shields CK, Littlejohn D, Ottaway JM. 
Determination of lead in whole blood by electrothermal 
atomic-absorption spectrometry using graphite probe 
atomisation. Analyst. 1983; 108:244-253.

25. Leggett RW. An age-specific kinetic model of lead 
metabolism in humans. Environ Health Perspect. 1993; 

101:598-616.
26. Hermes-Lima M, Pereira B, Bechara EJ. Are free 

radicals involved in lead poisoning? Xenobiotica. 1991; 
21:1085-1090.

27. Patra RC, Swarup D, Dwivedi SK. Antioxidant effects of 
alpha tocopherol, ascorbic acid and L-methionine on lead 
induced oxidative stress to the liver, kidney and brain in 
rats. Toxicology. 2001; 162:81-88.

28. Diouf A, Garçon G, Thiaw C, Diop Y, Fall M, Ndiaye B, 
Siby T, Hannothiaux MH, Zerimech F, Ba D, Haguenoer 
JM, Shirali P. Environmental lead exposure and its 
relationship to traffic density among Senegalese children: 
A pilot study. Hum Exp Toxicol. 2003; 22:559-564.

29. Si lbergeld EK, Waalkes M, Rice JM. Lead as a 
carcinogen: Experimental evidence and mechanisms of 
action. Am J Ind Med. 2000; 38:316-323.

30. Das M, Babu K, Reddy NP, Srivastava LM. Oxidative 
damage of plasma proteins and lipids in epidemic dropsy 
patients: Alterations in antioxidant status. Biochim 
Biophys Acta. 2005; 1722:209-217.

 (Received September 21, 2010; Accepted November 23, 
2010)

43



www.biosciencetrends.com

BioScience Trends. 2011; 5(1):44-45.44

Dengue causing fulminant hepatitis in a hepatitis B virus carrier

Mukul P. Agarwal1, Subhash Giri1, Vishal Sharma2,*, Ujjawal Roy1, Komal Gharsangi1

1 Department of Medicine, University College of Medical Sciences (University of Delhi) and GTB Hospital, Delhi, India;
2 Department of Gastroenterology, PGIMER, Chandigarh, India.

*Address correspondence to:
Dr. Vishal Sharma, Department of Gastroenterology, 
PGIMER, Chandigarh 160012, India.
e-mail: docvishalsharma@gmail.com

1. Introduction

Dengue is an arbo-viral disease transmitted by the 
bite of the Aedes mosquito. It is endemic in many 
areas of the world including India. Apart from causing 
fever and severe myalgias and arthralgias, dengue 
results in a phenomenon of plasma leak manifesting 
as hemoconcentration, serositis, and occasionally 
shock. Thrombocytopenia is common and can result in 
bleeding manifestations (1). Hepatic involvement in the 
form of raised transaminases is common but usually of 
no clinical importance. Sometimes dengue can cause 
acute hepatic failure (2). However, the effects of dengue 
infection on chronic liver disease or a chronic carrier 
state are not known.

2. Case report

A 33-year-old male, resident of Delhi (India) presented 
with a history of 5 days of fever. The fever was 
documented to be as high as 40°C. The fever was 
associated with chills and rigors. Two days prior to 
presentation there had been a gradual deterioration in 
his sensorium. He had started behaving abnormally 
and was irritable and abusive to his relatives. Around 

eight hours prior to his presentation to us the patient 
had one episode of generalized tonic movements of the 
body associated with clenching of teeth. The patient 
had no associated rash, neck stiffness, cough, urinary, 
or bowel complaints. There was no past history of any 
seizures, jaundice, or long standing fever. There was 
no history of any herbal drug intake. Patient had taken 
paracetamol (500 mg three times per day) for two days 
prior to presentation.
 On examination, the patient was unconscious. His 
blood pressure was 116/78 mmHg, pulse was 104/min, 
and regular oral temperature was 38.5°C. His oxygen 
saturation on room air was 98%. He had mild icterus. 
Chest auscultation revealed diminution of breath sounds 
on the right side with stony dullness on percussion. The 
cardiovascular examination was normal. On palpation 
of abdomen liver was palpable two fingers below costal 
margin, spleen was not palpable. He was unconscious 
and moved his limbs only to deep painful stimulus. 
There was no neck rigidity, pupils were normal size and 
reacted normally to light and the plantars were flexor.
 His investigations revealed a hemoglobin of 18.4 
g/dL (PCV-55%), total leukocytes of 2,600/mm3, and a 
platelet count of 18,000/mm3. His serum total bilirubin 
was 3.5 mg/dL, with a direct of 1.5 mg/dL (Table 1). 
Alanine transaminases (ALT), aspartate transaminase 
(AST), and serum alkaline phosphatise (SAP) were 
768, 882, and 132 IU/L, respectively. Serum albumin 
was 3.5 g/dL (Table 1). His prothrombin time was 
32 sec (control, 12 sec) (Table 1). His serologies for 
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viral hepatitis including IgM anti-hepatitis A virus, 
IgM anti-hepatitis E virus, and anti-hepatitis C virus 
were negative. He was, however, positive for hepatitis 
B surface antigen (HBsAg). He was negative for 
hepatitis Be antigen (HBeAg) but positive for anti-
hepatitis Be antibody. His IgM anti-hepatitis Bc (HBc) 
antibody was negative. A peripheral smear for malaria 
and a card test for parasite lactate dehydrogenase 
(pLDH) for Plasmodium vivax and P. falciparum were 
negative. His blood cultures were returned sterile. His 
chest roentgenogram was remarkable for presence of 
right sided pleural effusion. His ultrasound confirmed 
the presence of hepatomegaly. Presence of mild 
ascites and gall bladder wall edema was also noted. 
Magnetic resonance imaging of his brain was normal. 
IgM enzyme-linked immunosorbent assay (ELISA) 
for dengue was positive. The patient improved with 
conservative management (including fluid resuscitation, 
platelet transfusion, and anti-cerebral edema measures, 
i.e., head end elevation, i.v. mannitol). Anti-virals 
(nucleoside analogues) were not administered. The 
patient was discharged after 2 weeks when his liver 
functions had returned to normal. The patient remained 
positive for HBsAg, with normal transaminases and 
hepatitis B virus (HBV) DNA of 1,880 IU/mL at six 
months.

3. Discussion

This patient presented with fever and altered sensorium. 
The differentials for this are broad and include among 
others meningitis, encephalitis, cerebral malaria, CNS 
tuberculosis, etc. The investigations in this patient were 
suggestive of leucopenia, thrombocytopenia, deranged 
liver functions especially transaminase elevation, and 
mild pleural effusion. These pointed to the possibility of 
dengue. Dengue was suspected as the patient presented 
with symptoms during an epidemic of dengue. The 
absence of IgM anti-HBc and low viral DNA levels 
argue against acute hepatitis B or an acute flare up 
of chronic hepatitis B. Also, the presence of severe 
thrombocytopenia and serositis argue against HBV as 

the responsible etiological agent. The diagnosis was 
confirmed with a positive IgM ELISA for dengue.
 Dengue is an arboviral disease caused by a member 
of flaviviridae. Dengue virus is a single strand RNA 
virus having four serotypes. Hepatitis is very common 
in dengue and can result in acute hepatic failure (3). 
Some reports have indicated that dengue is one of the 
most common etiologies responsible for acute hepatic 
failure in endemic areas (4).
 However, not much is known about the effect of 
dengue coinfection in a HBV carrier state. There are 
some reports which have documented acute hepatitis 
resulting from dengue in a patient with chronic 
liver disease (5). However, it is not clear if dengue 
coinfection will result in more severe hepatitis or a 
higher likelihood of liver failure. A study in China 
examined the effect of co-infection of dengue on 
patients with HBV and found a difference of cytokine 
profiles in these patients. It noted that in cases of 
coinfection less interleukin (IL)-6 and tumor necrosis 
factor-α were formed whereas levels of IL-4, IL-10 and 
interferon-γ were similar (6). The clinical consequences 
of this difference are not clear and the study offered 
no evidence regarding any difference in liver function 
tests of dengue patients coinfected with HBV. To the 
best of our knowledge the present report is the first one 
implicating dengue in causation of acute hepatic failure 
in a HBV carrier. The present case highlights the need 
to consider dengue as a possible cause of acute liver 
failure in endemic regions.

References

1. Teixeira MG, Barreto ML. Diagnosis and management 
of dengue. BMJ. 2009; 339:b4338.

2. Giri S, Agarwal MP, Sharma V, Singh A. Acute hepatic 
failure due to dengue: A case report. Cases J. 2008; 1:204.

3. I tha S, Kashyap R, Krishnani N, Saraswat VA, 
Choudhuri G, Aggarwal R. Profile of liver involvement 
in dengue virus infection. Natl Med J India. 2005; 
18:127-130.

4. Poovorawan Y, Hutagalung Y, Chongsrisawat V, 
Boudville I, Bock HL. Dengue virus infection: A major 
cause of acute hepatic failure in Thai children. Ann Trop 
Paediatr. 2006; 26:17-23.

5. Souza LJ, Coelho JM, Silva EJ, Abukater M, Almeida 
FC, Fonte AS, Souza LA. Acute hepatitis due to dengue 
virus in a chronic hepatitis patient. Braz J Infect Dis. 
2008; 12:456-459.

6. Tang Y, Kou Z, Tang X, Zhang F, Yao X, Liu S, Jin X. 
Unique impacts of HBV co-infection on clinical and 
laboratory findings in a recent dengue outbreak in China. 
Am J Trop Med Hyg. 2008; 79:154-158.

 (Received November 12, 2010; Revised November 
17, 2010; Re-revised November 29, 2010; Accepted 
November 30, 2010)

45

Table 1. Trend of liver function tests during admission

Parameters

Bilirubin (total) (mg/dL)
Bilirubin (direct) (mg/dL)
ALT (IU/L)
AST (IU/L)
SAP (IU/L)
Albumin (g/dL)
prothrombin time (sec)*

D1

    3.5
    1.5
768
882
132
    3.5
  32 (12)

D3

    2.6
    1.2
308
450
112
   3.2

–

D8

    1.8
    0.6
112
205
  98
    3.2

–

D10

    1.6
    0.3
  80
115
111
    3.5

–

D14

    1.5
    0.3
  35
  52
108
    3.4
  15 (13)

* Control time is shown in parenthesis.

Days
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