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Introduction: Ovarian cancer is the seventh most common cancer in women and is the fifth most common cause
of mortality from malignancy.

Objectives: The present study was performed to evaluate the number of CD163 positive macrophages and
prognostic factors in serous ovarian tumors.

Materials and Methods: In the present cross-sectional study, 43 tissue samples obtained from patients with serous
ovarian tumors were selected from the pathology ward of Al-Zahra hospital, Isfahan, Iran. Then, the patients’
demographic information including age, pathological results, clinical stage of the disease, degree of tissue
differentiation, the number of CD163 positive macrophages, and the five-year survival rate after the surgery were
recorded and evaluated.

Results: Patient age, International Federation of Gynecology and Obstetrics (FIGO) stage, histological grade,
lymphatic metastasis, and the five-year survival rate were positively and significantly associated with the number
of CD163 positive macrophages (P <0.05). In addition, the number of CD163 positive macrophages increased the
odds of the five-year survival rate in these patients by 1.490 times (P = 0.026).

Conclusion: According to the results of this study, the number of CD163 positive macrophages had a significant
association with the progression of ovarian cancer. Moreover, the increased number of CD163 positive

macrophages increased the chance of mortality in these patients.

Introduction

Ovarian cancer is the seventh most common
cancer in women and is the fifth most
common cause of mortality from malignancy.
Ovarian cancer has a 1-1.5% chance of
occurring during a womanss lifetime (1,2). The
prevalence rate of ovarian epithelial tumors is
reported to be 75% in serous, 20% in mucinous,
2% in endometrioid, and less than 1% in each
of clear cell carcinomas and undifferentiated
carcinomas (1,2). As the symptoms of ovarian
cancer are non-specific in the early stages
of the disease and most patients refer to the
hospital in advanced stages of the disease,
the survival rate of the patients is low (3,4).
Hence, the significance of its early diagnosis is
unquestionable. In this regard, several studies
have been performed to evaluate the pertinent
risk factors and determine the factors affecting
the prognosis of ovarian cancer.

According to the results of these studies,
the family history of ovarian cancer can be
considered as one of the risk factors of this
disease. Moreover, it has been revealed that

Key point

In a study on 43 tissue samples obtained from patients
with serous ovarian tumors, we found CD163 positive
macrophages had a significant positive relationship
with patients’ age, stage of disease, histological grade,
lymphatic metastasis, and five-year survival rate. We
also found, the mean of CD163 positive macrophages
was higher in patients with ages over 50 years,
lymph node metastasis, and FIGO stages of Ill and
IV. We concluded that the number of CD163 positive
macrophages might be considered as a proper
prognostic factor for the incidence and progression of
serous ovarian tumor.

aging has an adverse effect on the prognosis
of ovarian cancer. In addition, early onset
of menstruation, delayed menopause,
history of infertility and ovulation-inducing
medications can be mentioned as risk factors
for ovarian cancer (5-7).

In addition, CD163 positive macrophages
are among the macrophages that have been
recently investigated in the prognosis of
ovarian cancer (8, 9). CD163 is a glycoprotein
belonging to scavenger receptor cysteine-
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rich family of proteins (8, 10). The expression of CD163
macrophages is regulated by various inflammatory
mediators such as interferon-y (gamma), interleukin 6
and 10, and glucocorticoids. Moreover, it is speculated that
CD163-expressing macrophages play an important role in
regulating the immune response (9,11). Recently, CD163
positive macrophage has been recognized as a hemoglobin
digestive molecule that performs its function by binding
and purifying haptoglobin-hemoglobin complexes (12).

Many recent studies have indicated that the distribution
of CDI163 positive macrophages was significantly
associated with ovarian cancer and the disease stage. In
contrast, another array of studies has reported a lower or
non-significant sensitivity of CD163 positive macrophages
as compared with other macrophages such as CD68
(13-16). The total-body M2 macrophage load can be
estimated by CD163 although its biological role has not
been comprehensively specified (17). CD163 positive
macrophages in tumor tissue were associated with poor
prognosis in patients with melanoma (18). Although a
pertinent study has indicated the association between the
increased level of CD163 positive macrophage and poor
prognosis in tissues with ovarian cancer; however, the
role of CD163 in ovarian cancer has not been thoroughly
attended to (19).

Objectives

The present study aimed at determining the association
between prognostic factors of patients with ovarian
serous carcinoma and the number of CD163 positive
macrophages.

Materials and Methods

Study design

The present study was cross-sectional. The study
population consisted of all tissue samples of patients
with serous ovarian tumors that were provided by the
pathology ward of Al-Zahra hospital, Isfahan, Iran from
2009 to 2013. The sample size formula was used at a 95%
confidence interval, 80% test power, and the estimation
of the prognostic correlation coefficient of patients with
CD163 positive macrophages presented by previous
studies as 0.3 (17). Therefore, 43 patients were selected by
simple random sampling.

These patients had serous ovarian tumors and had
not received any treatments in this regard, including
chemotherapy, radiation therapy, or hormone therapy
prior to the surgery. Their samples were evaluated by H&E
staining and immunohistochemical staining. Clinical and
pathological data as well as complete follow-up data were
documented in their records. If the required information
in the patient record was incomplete, that sample was
excluded from the study and replaced with another sample.
After obtaining the code of ethics from the Ethics
Committee of the university, the samples meeting the
inclusion criteria were selected from the pathology archive

unit of the hospital. Patient demographic information
including age, pathological results, clinical stage of the
disease, degree of tissue differentiation in patients with
serous ovarian carcinoma and five-year survival rate
after the surgery was examined and recorded in the data
collection form.

Isolation and expression of CD163

Tissues were fixed in 10% neutral-buffered formalin.
Following this fixation, tissue slices were given at
4-micrometer-thick. The expression of CD163 on
the edge of the tumor was determined by a two-step
immunohistochemical staining. CD163 represents M2
macrophages. In the immunohistochemical staining,
4-micrometer-sections were sliced from the patients’
tissue blocks. Antigen retrieval was performed using a
microwave at 90°C for 15 minutes then the samples were
cooled to room temperature. Non-specific binding sites
were blocked with 5% bovine serum albumin (BSA) for
one hour. For immunohistochemical staining, tissue
sections were sequentially treated with horseradish
peroxidase (HRP) using an IgG antibody (clone: LN3,
ZM-0136, Zhongshan).

The antibody-binding sites were visualized using
3,3'-diaminobenzidine tetrahydrochloride (DAB;
Zhongshan), and the cell nuclei were counterstained with
hematoxylin.

It should be mentioned that the examinations were
double-blinded and conducted by an uninformed
pathologist. The required sections were reviewed as
well. The nucleated cells were finally analyzed, and TAM
densities were calculated as cells/mm? (Figure 1).

Ethical issues

This investigation was in accordance with the Declaration
of Helsinki. The Ethics Committee of Isfahan University
of Medical Sciences approved this study (IR.MUL
MED.REC.1398.167). This study was conducted on the
relationship between CD163 positive macrophages and
prognostic factors in serous ovarian tumors. Informed
consent were obtained. This study also is resulted from
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Figure 1. Macrophage immunoreactivity for CD163. A) Low density;

<21 per mm2 CD163 positive macrophages (x400). B) High density;
>21 per mm2 CD163 positive macrophages (x400).
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the pathology residential thesis of Marjan-Sadat Hoseini-
Beheshti at this university.

Statistical analysis

Finally, the collected data were entered into SPSS software
(version 23). Descriptive statistics such as means, standard
deviations, frequency, and percentage frequency were
used. With respect to the inferential statistics, according
to the results of Kolmogorov-Smirnov test indicating
the abnormal distribution of data, Mann-Whitney U
test, Spearman’s correlation coefficient, and logistic
regression were used to compare the mean number of
CD163 positive macrophages, evaluate the relationship
between clinical and pathological variables and CD163
positive macrophages, and assess the relationship between
factors influencing the five-year survival rate, respectively.
Significance level of less than 0.05 was considered in all
analyses.

Results

The present study involved 43 patients with serous
ovarian tumors. Regarding the age range of the patients,
15 (34.9%) patients were less than or equal to 50 years old
while 28 (65.1%) patients were older than 50 years old.
Moreover, the mean age of the patients was 56.05 + 10.00
years. Around 44.2% of patients had lymphatic metastasis,
since the mean number of CD163 positive macrophages
was 19.51 + 5.15 (Table 1).

The mean number of CD163 positive macrophages was
significantly associated with patients’ higher age range,
FIGO stage, histological grade, lymphatic metastasis and
five-year survival rate (P<0.05). The mean number of

Table 1. Clinical and pathological data of patients with serous ovarian tumors

Variables No. (%) or Mean = SD
Age (y) 56.05+10.00
<50 15 (34.9)
>50 28 (65.1)

FIGO stage
1+11 12 (27.9)
H+v 31(72.1)
Histological grade
Moderately and poorly differentiation 16 (37.2)
Well differentiated 27 (62.8)
Lymphatic metastasis
Yes 19 (44.2)
No 24 (55.8)
Five-year mortality
Yes 27 (62.8)
No 16 (37.2)
Number of CD163 positive macrophages® 19.51+5.15
Low density (<21 per mm2) 22 (51.2)
High density (>21 per mmz2) 21(48.8)

*The criterion for determining CD163 density was the median value.

CD163 in serous ovarian tumors

CD163 positive macrophages in patients over 50 years
old, with lymphatic metastasis, and FIGO (International
Federation of Gynecology and Obstetrics) stage (III +
IV) was higher than that of the patients less than 50 years
old, without lymphatic metastasis, and FIGO stage (I + II)
(Table 2).

Finally, the evaluation of factors affecting the five-year
survival rate revealed that FIGO stage, histological grade,
lymphatic metastasis, and the number of CD163 positive
macrophages increased the odds of the five-year survival
rate by 5750, 9680, 11900, and 1490 times, respectively
(P<0.05; Table 3).

Discussion

The findings of the present study revealed that CD163
positive macrophages had a significant positive relationship
with the patient age, stage of disease, histological grade,
lymphatic metastasis, and five-year survival rate. The
mean of CDI163 positive macrophages was higher in
patients with ages over 50 years, lymph node metastasis
and FIGO stages of IIT and I'V.

It must be considered that factors such as FIGO stage,
histological grade, lymph node metastasis, and the number
of CD163 positive macrophages can increase the chance
of mortality. Since stage of disease and severity of disease
progression have a significant role in mortality and survival
rate of these patients, however CD163 macrophage can
also have a significant role in mortality rate.

Consistent with the objectives of the present study, the
study performed by Yafei et al also addressed the role of
CD163 macrophages on the prognosis of ovarian cancer
patients. They indicated a significant relationship between
the distribution of CD163 positive macrophages and the
incidence of ovarian cancer and the stage of disease (13).

In fact, recent evidence in this regard indicates that
inflammation is associated with many types of cancers.
Actually, ovulation-induced chronic inflammation is
one of the carcinogenic mechanisms in ovarian cancer,
therefore immune cells can play a role in the initiation of
ovarian cancer by producing reactive oxygen species and
promoting genetic instability (20-22).

No et al revealed that the level of soluble CD163
was associated with the presence of positive malignant
cells in the lesion fluid and advanced stage of ovarian
cancer. The mentioned finding indicated a relationship
between tumorigenesis and CD163 (23). This finding
was associated with the role of macrophages in enhancing
tumor initiation and proliferation of metastatic cells (24).

In addition, the results of an animal model indicated
that macrophage colony-stimulating factor increased the
distant and nodal metastasis with a degree of an increase
in tumor burden (25).

Another study showed that pelvic peritoneal tissue in
patients with ovarian cancer as compared to peritoneal
tissue in patients with benign pelvic diseases, showed
a significant permeability to macrophages (26). Given
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Table 2. Determination and comparison of the mean and association of CD163 positive macrophages with clinical and pathological findings in patients with

serous ovarian tumors

The number of CD163 positive macrophages

Variables - - . Correlation P value
Total Low density (<21 per mm?) High density (>21 per mm?)
Age (y)
<50 17.07+6.24 10 (45.5%) 5(23.8%)
0.358 0.047
>50 20.82+3.99 12 (54.5%) 16 (76.2%)
FIGO stage
1+l 15.58+5.21 10 (45.5%) 2 (9.5%)
0.436 0.016
HI+Iv 21.03+4.31 12 (54.5%) 19 (90.5%)
Histological grade
Moderately and poorly differentiation 15.69+4.59 14 (63.6%) 2 (9.5%)
‘ ) 0.575 <0.001
Well differentiated 21.78+4.04 8 (36.4%) 19 (90.5%)
Lymphatic metastasis
Yes 22.79+2.66 4 (18.2%) 15 (71.4%)
0.579 0.001
No 16.92+5.19 18 (81.8%) 6 (28.6%)
Five-year mortality
Yes 22.11+3.59 8 (36.4%) 19 (90.5%)
0.646 <0.001
No 15.13+4.36 14 (63.6%) 2 (9.5%)
Table 3. Results of logistic regression evaluating the factors affecting the five-year survival rate in patients with serous ovarian tumors
Factors B Standard error Odds ratio (95% Cl) P value
Age (y)
<50 - - Reference
>50 0.614 0.657 1.847(0.510-6.695) 0.350
FIGO stage
1+11 - - Reference
H+1v 1.749 0.737 5.750(1.356-24.388) 0.018
Histological grade
Moderately and poorly differentiation - - Reference
Well differentiated 2.270 0.732 9.680(2.304-40.669) 0.002
Lymphatic metastasis
No - - Reference
Yes 2.477 0.855 11.900(2.229-63.524) 0.004
The number of CD163 positive macrophages 0.399 0.114 1.490(1.192-1.863) 0.026

the peritoneal propensity for seeding to act as a central
mechanism in ovarian cancer metastasis, these findings
may identify and justify the association between sCD163,
advanced disease stage, and poor prognosis. However,
the functional role of CD163 positive macrophages in
epithelial ovarian cancer requires further clarification.

Kawamura et al expressed that the number of CD163
positive macrophages in tumor tissues was associated with
the degree of malignancy in epithelial ovarian cancer (27).
Increased shedding of sCD163 was due to inflammatory
stimuli, and sCD163 was a valuable marker for macrophage
activation. However, there was no evidence that sCD163
originated from tumor-associated macrophage (TAM) in
tumor tissue of cancer patients. In addition, a preliminary
study showed no association between macrophage
infiltration and serum sCD163 levels in melanoma
patients, which would indicate the association of sCD163
levels with infectious co-morbidity (18).

No et al stated that sCD163 in ovarian cancer patients
originated from TAM because serum sCDI163 levels

were not associated with either white blood cell count or
the percentage of segmented neutrophils (23). Although
the role of sCD163 in ovarian cancer has not yet been
elucidated, the association between TAM and sCD163
may be an explanation for the prognostic effect of sCD163
in ovarian cancer patients. Cytokines and growth factors
released by tumor cells may play a role in elevating sCD163
in patients with advanced stage tumors. The relationship
between poor prognosis and elevated serum sCD163 levels
in ovarian cancer requires further examinations.
Although the present study did not evaluate the mean
serum level of sCD163 in ovarian cancer patients as
compared with healthy subjects, many previous studies
have considered the serum level of this macrophage
in ovarian cancer patients to be the same as that of the
healthy controls (28,29). Accordingly, it may be argued
that the serum sCD163 acts as a screening marker in the
diagnosis of ovarian cancer and the elevated sCD163 levels
are associated with a prognosis in patients with ovarian
cancer. However, further studies on the importance of
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sCD163 in ovarian cancer seem to be of great value.

Conclusion

According to the results of this study, the number
of CDI163 positive macrophages was directly and
significantly associated with the progression of ovarian
cancer, histological grade, and lymphatic metastasis, hence
this factor could be significantly related to metastasis and
disease progression. In addition to other factors affecting
the mortality rate, an increase in the number of CD163
positive macrophages can also significantly increase the
chance of mortality in these patients. Therefore, this factor
may be considered as a proper prognosis in relation to
the incidence and progression of serous ovarian tumor.
Moreover, this factor can be even taken into consideration
in the prevention of mortality among the target patients.

Limitations of the study
The limitation of the present study was relatively small
sample size. Further investigation on this subject suggests.

Authors’ contribution

Conception and design; MH and MSHB. Literature search and
Data acquisition; MSHB. Drafting the manuscript; MD. Analysis
and interpretation of data, critical revision of the manuscript for
important intellectual content; MH, MSHB and MD. All authors
read and approved the final paper.

Conflicts of interest
The authors declare that there are no conflicts of interest regarding
the publication of this article.

Ethical considerations
Ethical issues (including plagiarism, data fabrication, double
publication) have been completely observed by the authors.

Funding/Support
This work supported by deputy research and technology of Isfahan
University of Medical Sciences (Grant# 398172).

References

1.  Cundiff GW, Azziz R, Bristow RE. Te Linde’s Atlas of
Gynecologic Surgery. Lippincott Williams & Wilkins; 2013.

2. Berton-Rigaud D, Devouassoux-Shisheboran M, Ledermann
JA, Leitao MM, Powell MA, Poveda A, et al. Gynecologic
Cancer InterGroup (GCIG) consensus review for uterine and
ovarian carcinosarcoma. Int ] Gynecol Cancer. 2014;24:S55-
60. doi: 10.1097/1GC.0000000000000228.

3.  Harter P, Gershenson D, Lhomme C, Lecuru F, Ledermann
J, Provencher DM, et al. Gynecologic Cancer InterGroup
(GCIG) consensus review for ovarian tumors of low malignant
potential (borderline ovarian tumors). Int ] Gynecol Cancer.
2014;24:55-8. doi: 10.1097/1GC.0000000000000282.

4. Colombo PE, Labaki M, Fabbro M, Bertrand M, Mourregot
A, Gutowski M, et al. Impact of neoadjuvant chemotherapy
cycles prior to interval surgery in patients with advanced
epithelial ovarian cancer. Gynecol Oncol. 2014;135:223-30.
doi: 10.1016/j.ygyno.2014.09.002.

5. Kim HS, Kim TH, Chung HH, Song YS. Risk and prognosis of
ovarian cancer in women with endometriosis: a meta-analysis.
BrJ Cancer. 2014;110:1878-90. doi: 10.1038/bjc.2014.29.

6. HunnJ, Rodriguez GC. Ovarian cancer: etiology, risk factors,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

CD163 in serous ovarian tumors

and epidemiology. Clin Obstet Gynecol. 2012;55:3-23. doi:
10.1097/GRF.0b013e31824b4611.

Pearce CL, Templeman C, Rossing MA, Lee A, Near AM,
Webb PM, et al. Association between endometriosis and risk
of histological subtypes of ovarian cancer: a pooled analysis
of case—control studies. Lancet Oncol. 2012;13:385-94. doi:
10.1016/51470-2045(11)70404-1.

Candido J, Hagemann T. Cancer-related inflammation. J Clin
Immunol. 2013;33:79-84. doi: 10.1007/s10875-012-9847-0.

Tanaka Y, Kobayashi H, Suzuki M, Kanayama N, Suzuki
M, Terao T. Upregulation of bikunin in tumor-infiltrating
macrophages as a factor of favorable prognosis in ovarian
cancer. Gynecol Oncol. 2004;94:725-34. doi: 10.1016/j.
ygyno.2004.06.012.

Shah CA, Allison KH, Garcia RL, Gray HJ, Goff BA, Swisher
EM. Intratumoral T cells, tumor-associated macrophages,
and regulatory T cells: association with p53 mutations,
circulating tumor DNA and survival in women with ovarian
cancer. Gynecol Oncol. 2008;109:215-9. doi: 10.1016/j.
ygyno.2008.01.010.

Zhang M, He Y, Sun X, Li Q, Wang W, Zhao A, Di W. A high
M1/M2 ratio of tumor-associated macrophages is associated
with extended survival in ovarian cancer patients. ] Ovarian
Res. 2014;7:19. doi: 10.1186/1757-2215-7-19.

Ma J, Liu L, Che G, Yu N, Dai F, You Z. The M1 form of
tumor-associated macrophages in non-small cell lung cancer
is positively associated with survival time. BMC Cancer.
2010;10:112. doi: 10.1186/1471-2407-10-112.

Yafei Z, Jun G, Guolan G. Correlation between macrophage
infiltration and prognosis of ovarian cancer-a preliminary
study. Biomed Res. 2016;27:305.

Yakasal AA, Bappa LA. Diagnosis and management of adnexal
masses in pregnancy. ] Surg Tech Case Rep. 2012;4(2):79-85.
doi: 10.4103/2006-8808.110249.

Moughon DL, He H, Schokrpur S, Jiang ZK, Yaqoob M, David
J, et al. Macrophage blockade using CSF1R inhibitors reverses
the vascular leakage underlying malignant ascites in late-stage
epithelial ovarian cancer. Cancer Res. 2015;75:4742-52. doi:
10.1158/0008-5472.CAN-14-3373.

Yang L, Wang L, SuXQ, Chen XC, Li D, Luo ST, etal. Suppression
of ovarian cancer growth via systemic administration with
liposome-encapsulated  adenovirus-encoding  endostatin.
Cancer Gene Ther. 2010;17(1):49. doi: 10.1038/cgt.2009.47.

Moestrup S, Moller H. CD163: a regulated hemoglobin
scavenger receptor with a role in the anti-inflammatory
response. Ann Med. 2004;36(5):347-54. doi:
10.1080/07853890410033171 .

Jensen TO, Schmidt H, Moller HJ, Hoyer M, Maniecki MB,
Sjoegren P, et al. Macrophage markers in serum and tumor
have prognostic impact in American Joint Committee on
Cancer stage I/ll melanoma. ] Clin Oncol. 2009;27(20):3330-
7. doi: 10.1200/)C0O.2008.19.9919.

Lan C, Huang X, Lin S, Huang H, Cai Q, Wan T, et al.
Expression of M2-polarized macrophages is associated
with poor prognosis for advanced epithelial ovarian cancer.
Technol Cancer Res Treat. 2013;12:259-67. doi: 10.7785/
tcrt.2012.500312.

Scotton C, Milliken D, Wilson J, Raju S, Balkwill F. Analysis
of CC chemokine and chemokine receptor expression in solid
ovarian tumours. Br ] Cancer. 2001;85:891-7. doi: 10.1054/
bjoc.2001.2020.

Pang B, Zhou X, Yu H, Dong M, Taghizadeh K, Wishnok JS, et
al. Lipid peroxidation dominates the chemistry of DNA adduct
formation in a mouse model of inflammation. Carcinogenesis.
2007;28:1807-13. doi: 10.1093/carcin/bgm037.

Colotta F, Allavena P, Sica A, Garlanda C, Mantovani A.

Immunopathologia Persa Volume 6, Issue 2, 2020

|5



Heidarpour et al

23.

24.

25.

26.

Cancer-related inflammation, the seventh hallmark of cancer:
links to genetic instability. Carcinogenesis. 2009;30:1073-81.
doi: 10.1093/carcin/bgp127.

No JH, Moon JM, Kim K, Kim YB. Prognostic significance
of serum soluble CD163 level in patients with epithelial
ovarian cancer. Gynecol Obstet Invest. 2013;75:263-7. doi:
10.1159/000349892.

Qian B, DengY, Im JH, Muschel R, Zou Y, LiJ, et al. A distinct
macrophage population mediates metastatic breast cancer
cell extravasation, establishment and growth. PloS one.
2009;4:€6562. doi: 10.1371/journal.pone.0006562.

Toy EP, Azodi M, Folk NL, Zito CM, Zeiss CJ, Chambers
SK. Enhanced ovarian cancer tumorigenesis and metastasis
by the macrophage colony-stimulating factor. Neoplasia.
2009;11:136. doi: 10.1593/ne0.81150.

Wang X, Deavers M, Patenia R, Bassett RL, Mueller P, Ma
Q, Wang E, Freedman RS. Monocyte/macrophage and T-cell
infiltrates in peritoneum of patients with ovarian cancer

27.

28.

29.

or benign pelvic disease. ] Transl Med. 2006;4:30. doi:
10.1186/1479-5876-4-30.

Kawamura K, Komohara Y, Takaishi K, Katabuchi H, Takeya
M. Detection of M2 macrophages and colony-stimulating
factor 1 expression in serous and mucinous ovarian epithelial
tumors. Pathol Int. 2009;59:300-5. doi: 10.1111/j.1440-
1827.2009.02369.x.

Meller HJ, Fost MD, Aerts H, Hollak C, Moestrup SK. Plasma
level of the macrophage derived soluble CD163 is increased
and positively correlates with severity in Gaucher’s disease.
Eur J Haematol. 2004;72:135-9. doi: 10.1046/j.0902-
4441.2003.00193 .x.

Meller HJ, Gronbaek H, Schigdt FV, Holland-Fischer P, Schilsky
M, Munoz S, et al. US Acute Liver Failure Study Group. Soluble
CD163 from activated macrophages predicts mortality in
acute liver failure. ] Hepatol. 2007;47:671-6. doi: 10.1016/j.
jhep.2007.05.014.

Immunopathologia Persa Volume 6, Issue 2, 2020



