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Abstract. Interleukin-10 (IL-10) has opposing effects as 
an anti-inflammatory (potentially cancer-promoting) and 
antiangiogenic (potentially cancer-inhibiting) agent. The role 
of IL-10 in cervical cancer is also dual. Here, we review the 
IL-10-mediated tumor-promoting effect and tumor-inhibiting 
effects in cervical cancer, among which, human papilloma 
virus (HPV), human leukocyte antigen-G (HLA-G) and 
IL-10 polymorphisms are associated with the development of 
cervical cancer. IL-10 is also used for the therapy of cervical 
cancer through enhancing proliferation, expression of immu-
nologically important surface molecules and increasing Th1 
cytokine production and cytotoxic potential in HPV-specific 
CD8 (+) cytotoxic T lymphocytes.
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1. Introduction

Cervical cancer is the second most common cause of cancer 
mortality among women worldwide (1). Chronic infection of 
the keratinocytes of the uterine cervix by the human papilloma 
virus (HPV) is associated with the development of cervical 
cancer (2). However, HPV infection alone is not sufficient for 
cancer development, since the majority of women with HPV 

infection do not develop cervical cancer (1,3). Cytokines, 
especially interleukin-10 (IL-10), play an important role in the 
development of cervical cancer.

The role of IL-10 in cancer remains unclear. IL-10 is a 
multifunctional cytokine, exhibiting immunosuppressive 
and anti-angiogenic properties. Consequently, IL-10 plays 
a dual, controversial role in human carcinogenesis, as a 
tumor-promoting and -inhibiting factor (4,5). Available infor-
mation on IL-10 production in freshly excised human tumors, 
including carcinomas of the ovary, breast, kidney, lung and 
skin, including melanoma, has been previously reported (6). In 
colorectal carcinogenesis, IL-10 promotes rather than inhibits 
cancer growth, through its immunosuppressive activity (7). 
Previous studies suggested that increased IL-10 levels may 
control inflammatory responses and cancer development (8) 
and constitute a risk factor for carcinogenesis. However, in 
certain types of cancer, low IL-10 expression may consti-
tute a risk factor for disease or disease progression (9). For 
example, certain studies have demonstrated that IL-10 has 
the ability to inhibit tumor growth and metastasis in several 
types of cancer (10-12). The IL-10 low-producer haplotype 
(ATA) is associated with a higher risk of gastric adeno-
carcinoma, which may be related to the role of IL-10 as an 
anti-inflammatory cytokine that downregulates IL-1β, tumor 
necrosis factor (TNF)-α, immunoreactive fibronectin (IFN)-γ 
and other pro-inflammatory cytokines (13). Furthermore, 
low IL-10 levels are associated with a higher risk of prostatic 
cancer (14).

It has been demonstrated that IL-10 is highly expressed 
locally in biopsies from patients with premalignant lesions 
and cervical cancer and may induce a local state of immu-
nosuppression. An increased number of IL-10-positive 
cells was detected in the cervix of patients with cervical 
intraepithelial neoplasia (CIN), associated with the grades of 
dysplasia (15). Furthermore, an increase in the levels of IL-10 
was observed in cervical cancer and CIN grade III patients, 
compared to those with early CIN grades and healthy 
controls (16). The genotype predisposing to the produc-
tion of high levels of IL-10 is more commonly observed in 
cervical cancer patients, compared to healthy women (17). 
However, findings of a previous suggested that the variants 
of chemokine receptor 2 and IL-4 receptor, rather than 
IL-10 or Fas ligand, increase the risk of cervical cancer (18). 
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Furthermore, decreased IL-10 levels are also associated with 
the risk of cervical cancer (19), supporting the clinical use of 
IL-10 in combination with IL-2 in the treatment of cervical 
cancer (20). These studies suggested that IL-10 expression 
may play an important role in the development of cervical 
cancer. The dual biological function of IL-10 as anti-inflam-
matory (potentially cancer-promoting) and anti-angiogenic 
(potentially cancer-inhibiting agent reflects the conflicting 
data in cervical cancer.

2. IL‑10 exerts a tumor‑promoting effect in cervical cancer

IL-10 mRNA and/or protein have been found to be enhanced 
in several types of human cancer, such as renal, hepatocel-
lular and ovarian cancer, as well as squamous and basal 
cell carcinoma of the skin (21-24), human gliomas (25) and 
melanoma (26). Furthermore, IL-10 is elevated in squa-
mous intraepithelial lesions (SILs), which are considered as 
preneoplastic stages of cervical cancer (27), as well as in true 
cervical cancer. For example, it has been demonstrated that 
mononuclear cells collected from peripheral blood samples of 
patients with cervical SIL and true cervical cancer patients, 
produced higher levels of IL-10 (2,28-30). Increased serum 
levels and peri-tumoral IL-10 production have been reported 
in a number of malignancies, which have been interpreted to 
support the role of IL-10 in tumor escape from the immune 
response. The persistence of IL-10 in SILs may tolerize the 
immune system and permit the progression of the premalig-
nant lesion to cancer. Expression of IL-10 in cervical lesions 
was most commonly upregulated in high-grade CIN. This 
immunosuppressive cytokine may play an important role in 
creating a microenvironment that favors progressive cervical 
disease and immune evasion by high-risk HPV (31) and may 
also explain the immunosuppressive state of cervical cancer 
patients (32). Women who are genetically programmed to 
produce high or moderate levels of IL-10 are more likely to 
develop cancer of the uterine cervix, compared to individuals 
genetically predisposed to low IL-10 production, suggesting 
that the genetically acquired ability to produce higher levels 
of IL-10 may be a significant factor in the development of 
cervical cancer (17). Therefore, one potential candidate that 
possesses the ability to reduce the expression of IL-10 may 
be effective in the treatment of cervical cancer. However, the 
possible mechanism of IL-10-induced tumor-promoting effect 
in cervical cancer is complicated.

HPV infection is the major etiological factor in cervical 
cancer patients. Certain investigators have hypothesized that 
higher IL-10 levels promote HPV growth, viral replication and 
malignant transformation of infected cells in women infected 
with the virus, which offers a possible explanation for some 
women with HPV developing cervical cancer, whereas others 
do not (19). In particular, IL-10 is highly expressed in tumor 
cells and its expression is directly proportional to the develop-
ment of HPV-positive cervical cancer, suggesting an important 
role of HPV proteins in the expression of IL-10. IL-10 expres-
sion in the cervical tissues of Mexican women demonstrated 
a clear tendency to increase with advancing cervical cancer 
stage (low-grade SIL, high-grade SIL and true cancer) (33). 
Furthermore, IL-10 is highly expressed in the tumor cells of all 
patients and its expression is directly proportional to the devel-

opment of HPV-positive cervical cancer, suggesting a distinct 
association between IL-10, HPV and the stage of cervical 
cancer disease (33). The elevated expression of IL-10 may allow 
for virus persistency, transformation of cervical epithelial cells 
and, consequently, cancer development (34). The upregulated 
production of IL-10 may inhibit immune responses against 
HPV infection in early cervical lesions, whereas upregulated 
TNF-α and uncoordinated cytokine production (elevated 
Th1 and Th2 cytokine levels) may reflect impaired or invalid 
responses in advanced-stage lesions. The detection of IL-10 
and TNF-α in cervical secretions may be a useful indicator of 
local immune response and of the stage of the cervical lesions 
induced by HPV infection (35). The maintenance of IL-10 
expression may contribute to the initiation of SIL, by allowing 
HPV to subvert the innate immunological surveillance and the 
efficient tumor escape mechanisms (2). In the HPV16 TC-1 
tumor mouse model, IL-10 produced by tumor macrophages 
induces the development of a regulatory phenotype of T cells, 
an immune escape mechanism that facilitates tumor growth, 
suggesting a correlation between higher IL-10 expression 
and risk of cervical cancer development in HPV-infected 
women (36). IL-10 was found to function as an anti-inflamma-
tory agent in the presence of HPV oncoprotein (37). Two viral 
oncoproteins of HPV-16, E6 and E7, play an active role in the 
malignant growth properties of cervical cancer cells and may 
be ideal targets for antigene therapy (38). When E6 oncoprotein 
activity is high, IL-10 is found to promote tumor growth (39). 
Additionally, the HPV E2 protein binds to the regulatory region 
of the human IL-10 gene (-2054 nt) and induces the expres-
sion of elevated levels of IL-10 mRNA in HPV-infected cells. 
Prophylactic vaccines against HPV infection are based on 
aluminum adjuvanted virus-like particles. Vaccines have been 
shown to protect against HPV infection and the subsequent risk 
of cervical cancer development (40-42), whereas transplantable 
tumors have long been used to demonstrate vaccine efficacy in 
preclinical trials in mice (43). Dendritic cells in a 3D culture 
model exert a notable effect on the enhancement of the immune 
response to the HPV16 DNA vaccine and indicate that the 
dendritic cell-based 3D model is a novel approach to the study 
of the HPV vaccine (44).

Results of a previous study demonstrated that human 
leukocyte antigen-G (HLA-G) and IL-10 mRNA and protein 
expression in cervical cancer tissues were significantly 
increased (45), suggesting that HLA-G and IL-10 may play an 
important role in cervical cancer progression. IL-10 contrib-
utes to the impairment of the anti-tumor immune response, 
either by downregulating human leukocyte antigen Class I 
expression or by increasing HLA-G expression in human 
trophoblasts and monocytes (46,47) and certain cancer 
models, such as lung cancer (48). HLA-G is known to inhibit 
the cytotoxic activity of T lymphocytes and natural killer (NK) 
cells (49,50), which is associated with cancer development and 
immune tolerance. High HLA-G mRNA expression may be 
correlated with early carcinogenesis, since it was associated 
with early-stage cervical cancer (45). It was demonstrated that 
HLA-G expression was progressively higher in patients with 
CIN 1 to CIN 2/3 and was the highest in patients with cervical 
cancer, suggesting that HLA-G expression in cervical lesions 
may be associated with carcinogenesis, HPV infection and 
host immune response (51).
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Polymorphisms in cytokine genes may influence the 
immune response to HPV infection, possibly altering the risk 
of cervical cancer. IL-10 polymorphisms affect the clearance 
of infection with high-risk HPV types (52). The IL-10-1082 
gene polymorphism may serve as a marker of genetic suscep-
tibility to cervical cancer among Japanese women (53). The 
IL-10-1082 GA genotype was found at a significantly increased 
frequency among 77 Zimbabwean women with histologically 
proven cervical cancer (17). Other studies supported that 
the IL-10 promoter polymorphisms at -1082, -819 and -592 
sites was not associated with a higher cervical cancer risk in 
Korean women (54,55) and did not affect the early stages of 
cervical carcinogenesis, but may determine the differences in 
susceptibility to other cervical abormalities, unrelated to HPV 
infection (56). Moreover, passive smokers among North Indian 
women, exhibiting IL-10 AC genotypes, had an increased risk 
of developing cervical cancer (57). Therefore, the role of IL-10 
polymorphism in the development of cervical cancer needs to 
be elucidated by further studies.

3. IL‑10 exerts a tumor‑inhibiting effect in cervical cancer

The dual biological function of IL-10 as an anti-inflamma-
tory (potentially cancer-promoting) and anti-angiogenic 
(potentially cancer-inhibiting) agent reflects the conflicting 
data in cervical cancer. IL-10 levels were found to be high 
in almost all cervical cancer cases (28-30). However, several 
gene transfection studies on IL-10 have demonstrated that 
IL-10 has the ability to inhibit tumor growth and metastasis 
in several types of cancer, although the mechanisms have yet 
to be elucidated. IL-10 may act by inhibiting angiogenetic 
factors, such as vascular endothelial growth factor, IL-1β, 
TNF-α, IL-6 and metalloproteinases, or by enhancing NK 
cell-dependent tumor cell lysis (10-12). The IL-10 ATA 
haplotype is associated with an increased risk of gastric 
adenocarcinoma and this may be related to the role of IL-10 
as an anti-inflammatory cytokine that downregulates IL-1β, 
TNF-α, IFN-γ, as well as other pro-inflammatory cyto-
kines (13). A small synthetic peptide derived from IL-10 may 
increase tumor sensitivity to NK cells in human melanomas, 
which may prove relevant in the designing of future strategies 
for cancer immune therapy (58). Low IL-10 levels are associ-
ated with a higher risk of prostatic cancer (14). Furthermore, 
decreased IL-10 levels are also associated with a higher 
risk of cervical cancer (19). Previous studies suggested that 
higher levels of IL-10 may prevent cervical neoplasia by 
assisting in the elimination of HPV (59). IL-10 enhances the 
proliferation and expression of immunologically important 
surface molecules and increases Th1 cytokine production 
and the cytotoxic potential of HPV-specific CD8+ cytotoxic 
T lymphocytes, supporting the clinical use of IL-10 in combi-
nation with IL-2 in the treatment of cervical cancer (20). 
However, there are no in vivo data to support this hypothesis, 
since Th1 cytokine levels are always decreased in the pres-
ence of high IL-10 levels (20).

4. Conclusion

IL-10 is widely known as an immunosuppressive cytokine 
by virtue of its ability to inhibit macrophage-dependent, 

antigen-specific T-cell proliferation and macrophage-depen-
dent production of cytokines by T cells (60,61). However, 
increasing evidence has challenged the perception of 
IL-10 solely as an immunosuppressive cytokine affecting 
T lymphocytes (62,63). Clinical evidence demonstrated 
that the high-producing IL-10 genotype was significantly 
increased among Zimbabwean cervical cancer patients (17) 
and North Indian women exhibiting the high-producing 
IL-10 genotype had an increased risk of developing cervical 
cancer (57). Other clinical studies demonstrated that the 
administration of IL-10 in combination with IL-2 following 
antigen stimulation, consistently increased the intracellular 
expression of Th1 cytokines, proliferation, intracellular 
perforin levels, cytotoxic activity and IFN-γ expression in 
cytotoxic T lymphocyte cultures, supporting the clinical 
use of IL-10 in combination with IL-2, for the in vitro 
expansion and potentiation of tumor-specific cytotoxic T 
lymphocytes for the treatment of cervical cancer (20). These 
studies resulted in conflicting data regarding IL-10-mediated 
modulation in cervical cancer by immunosuppressive and 
immunoenhancing effect. However, clinical evidence from 
other studies suggested that IL-10 was not associated with 
a higher cervical cancer risk in Korean women (54,55) and 
did not affect the early stages of cervical carcinogenesis, but 
may determine differences in susceptibility to other cervical 
abnormalities, unrelated to HPV infection (56). Therefore, 
the role of IL-10 in cervical cancer development requires 
further investigation.

References

 1. Tindle R and Frazer I: Human papilloma virus injection, genital 
warts and cervical cancer: prospects for prophylactic and thera-
peutic vaccines. Exp Opin Invest Drugs 4: 783, 1995.

 2. Giannini SL, Al-Saleh W, Piron H, et al: Cytokine expression 
in squamous intraepithelial lesions of the uterine cervix: impli-
cations for the generation of local immunosuppression. Clin Exp 
Immunol 113: 183-189, 1998.

 3. Ho GY, Bierman R, Beardsley L, Chang CJ and Burk RD: 
Natural history of cervicovaginal papillomavirus infection in 
young women. N Engl J Med 338: 423-428, 1998.

 4. Mocellin S, Panelli MC, Wang E, Nagorsen D and Marincola FM: 
The dual role of IL-10. Trends Immunol 24: 36-43, 2003.

 5. Mocellin S, Marincola FM and Young HA: Interleukin-10 and 
the immune response against cancer: a counterpoint. J Leukoc 
Biol 78: 1043-1051, 2005.

 6. Mocellin S, Wang E and Marincola FM: Cytokines and immune 
response in the tumor microenvironment. J Immunother 24: 
392-407, 2001.

 7. Stanilov N, Miteva L, Deliysky T, Jovchev J and Stanilova S: 
Advanced colorectal cancer is associated with enhanced IL-23 
and IL-10 serum levels. Lab Med 41: 159-163, 2010.

 8. Caruso C, Lio D, Cavallone L and Franceschi C: Aging, longevity, 
inflammation, and cancer. Ann NY Acad Sci 1028: 1-13, 2004.

 9. Howell WM and Rose-Zerilli MJ: Interleukin-10 polymor-
phisms, cancer susceptibility and prognosis. Fam Cancer 5: 
143-149, 2006.

10. Kundu N and Fulton AM: Interleukin-10 inhibits tumor 
metastasis, downregulates MHC class I, and enhances NK lysis. 
Cell Immunol 180: 55-61, 1997.

11. Huang S, Xie K, Bucana CD, Ullrich SE and Bar-Eli M: 
Interleukin 10 suppresses tumor growth and metastasis of human 
melanoma cells: potential inhibition of angiogenesis. Clin Cancer 
Res 2: 1969-1979, 1996.

12. Stearns ME, Garcia FU, Fudge K, Rhim J and Wang M: Role of 
interleukin 10 and transforming growth factor beta1 in the angio-
genesis and metastasis of human prostate primary tumor lines 
from orthotopic implants in severe combined immunodeficiency 
mice. Clin Cancer Res 5: 711-720, 1999.



WANG et al:  THE PARADOX OF IL-10-MEDIATED MODULATION350

13. El-Omar EM, Rabkin CS, Gammon MD, et al: Increased risk 
of noncardia gastric cancer associated with proinflammatory 
cytokine gene polymorphisms. Gastroenterology 124: 1193-1201, 
2003.

14. Faupel-Badger JM, Kidd LC, Albanes D, Virtamo J, Woodson K 
and Tangrea JA: Association of IL-10 polymorphisms with 
prostate cancer risk and grade of disease. Cancer Causes 
Control 19: 119-124, 2008.

15. Mindiola R, Caulejas D, Nunez-Troconis J, Araujo M, Delgado M 
and Mosquera J: Increased number of IL-2, IL-2 receptor and 
IL-10 positive cells in premalignant lesions of the cervix. Invest 
Clin 49: 533-545, 2008.

16. Sharma A, Rajappa M, Saxena A and Sharma M: Cytokine 
profile in Indian women with cervical intraepithelial neoplasia 
and cancer cervix. Int J Gynecol Cancer 17: 879-885, 2007.

17. Stanczuk GA, Sibanda EN, Perrey C, et al: Cancer of the uterine 
cervix may be significantly associated with a gene polymorphism 
coding for increased IL-10 production. Int J Cancer 94: 792-794, 
2001.

18. Ivansson EL, Gustavsson IM, Magnusson JJ, et al: Variants of 
chemokine receptor 2 and interleukin 4 receptor, but not inter-
leukin 10 or Fas ligand, increase risk of cervical cancer. Int J 
Cancer 121: 2451-2457, 2007.

19. Brower V: Researchers attempting to define role of cytokines in 
cancer risk. J Natl Cancer Inst 97: 1175-1177, 2005.

20. Santin AD, Hermonat PL, Ravaggi A, et al: Interleukin-10 
increases Th1 cytokine production and cytotoxic potential in 
human papillomavirus-specific CD8(+) cytotoxic T lymphocytes. 
J Virol 74: 4729-4737, 2000.

21. Nakagomi H, Pisa P, Pisa EK, et al: Lack of interleukin-2 (IL-2) 
expression and selective expression of IL-10 mRNA in human 
renal cell carcinoma. Int J Cancer 63: 366-371, 1995.

22. Kim J, Modlin RL, Moy RL, et al: IL-10 production in cutaneous 
basal and squamous cell carcinomas. A mechanism for evading 
the local T cell immune response. J Immunol 155: 2240-2247, 
1995.

23. Pisa P, Halapi E, Pisa EK, et al: Selective expression of inter-
leukin 10, interferon gamma, and granulocyte-macrophage 
colony-stimulating factor in ovarian cancer biopsies. Proc Natl 
Acad Sci USA 89: 7708-7712, 1992.

24. Chan SL, Mo FK, Wong CS, et al: A study of circulating inter-
leukin 10 in prognostication of unresectable hepatocellular 
carcinoma. Cancer 118: 3984-3992, 2011.

25. Huettner C, Paulus W and Roggendorf W: Messenger RNA 
expression of the immunosuppressive cytokine IL-10 in human 
gliomas. Am J Pathol 146: 317-322, 1995.

26. Kruger-Krasagakes S, Krasagakis K, Garbe C, et al: Expression 
of interleukin 10 in human melanoma. Br J Cancer 70: 1182-1185, 
1994.

27. The 1988 Bethesda System for reporting cervical/vaginal 
cytological diagnoses. National Cancer Institute Workshop. 
JAMA 262: 931-934, 1989.

28. Clerici M, Merola M, Ferrario E, et al: Cytokine production 
patterns in cervical intraepithelial neoplasia: association with 
human papillomavirus infection. J Natl Cancer Inst 89: 245-250, 
1997.

29. Jacobs N, Giannini SL, Doyen J, et al: Inverse modulation of 
IL-10 and IL-12 in the blood of women with preneoplastic lesions 
of the uterine cervix. Clin Exp Immunol 111: 219-224, 1998.

30. Mota F, Rayment N, Chong S, Singer A and Chain B: The 
antigen-presenting environment in normal and human papillo-
mavirus (HPV)-related premalignant cervical epithelium. Clin 
Exp Immunol 116: 33-40, 1999.

31. Syrjanen S, Naud P, Sarian L, et al: Immunosuppressive cytokine 
Interleukin-10 (IL-10) is up-regulated in high-grade CIN but 
not associated with high-risk human papillomavirus (HPV) at 
baseline, outcomes of HR-HPV infections or incident CIN in the 
LAMS cohort. Virchows Arch 455: 505-515, 2009.

32. Bhairavabhotla RK, Verm V, Tongaonkar H, Shastri S, Dinshaw K 
and Chiplunkar S: Role of IL-10 in immune suppression in 
cervical cancer. Indian J Biochem Biophys 44: 350-356, 2007.

33. Bermudez-Morales VH, Gutierrez LX, Alcocer-Gonzalez JM, 
Burguete A and Madrid-Marina V: Correlation between 
IL-10 gene expression and HPV infection in cervical cancer: 
a mechanism for immune response escape. Cancer Invest 26: 
1037-1043, 2008.

34. Bermudez-Morales VH, Peralta-Zaragoza O, Alcocer-
Gonzalez JM, Moreno J and Madrid-Marina V: IL-10 expression 
is regulated by HPV E2 protein in cervical cancer cells. Mol Med 
Rep 4: 369-375, 2011.

35. Azar KK, Tani M, Yasuda H, Sakai A, Inoue M and Sasagawa T: 
Increased secretion patterns of interleukin-10 and tumor necrosis 
factor-alpha in cervical squamous intraepithelial lesions. Hum 
Pathol 35: 1376-1384, 2004.

36. Bolpetti A, Silva JS, Villa LL and Lepique AP: Interleukin-10 
production by tumor infiltrating macrophages plays a role in 
human papillomavirus 16 tumor growth. BMC Immunol 11: 27, 
2010.

37. Woodworth CD, Lichti U, Simpson S, Evans CH and 
DiPaolo JA: Leukoregulin and gamma-interferon inhibit human 
papillomavirus type 16 gene transcription in human papillo-
mavirus-immortalized human cervical cells. Cancer Res 52: 
456-463, 1992.

38. Madrigal M, Janicek MF, Sevin BU, et al: In vitro antigene 
therapy targeting HPV-16 E6 and E7 in cervical carcinoma. 
Gynecol Oncol 64: 18-25, 1997.

39. Vinuselvi P, AbiramiVeena R, Vani V and Prasad S: YING 
YANG Effect of IL-10 in the incidence of cervical cancer. 
Advanced Biotech: 26-29, 2008.

40. Zhou J, Sun XY, Stenzel DJ and Frazer IH: Expression of vaccinia 
recombinant HPV 16 L1 and L2 ORF proteins in epithelial 
cells is sufficient for assembly of HPV virion-like particles. 
Virology 185: 251-257, 1991.

41. Frazer IH: Prevention of cervical cancer through papillomavirus 
vaccination. Nat Rev Immunol 4: 46-54, 2004.

42. Leggatt GR and Frazer IH: HPV vaccines: the beginning of 
the end for cervical cancer. Curr Opin Immunol 19: 232-238, 
2007.

43. Lin CT, Tsai YC, He L, et al: A DNA vaccine encoding a 
codon-optimized human papillomavirus type 16 E6 gene 
enhances CTL response and anti-tumor activity. J Biomed 
Sci 13: 481-488, 2006.

44. Wang YT, Li W, Liu Q, Guan X and Hu J: Dendritic cells treated 
with HPV16mE7 in a three-dimensional model promote the 
secretion of IL-12p70 and IFN-γ. Exp Mol Pathol 91: 325-330, 
2011.

45. Yoon BS, Kim YT, Kim JW, Kim SH, Kim JH and Kim SW: 
Expression of human leukocyte antigen-G and its correlation 
with interleukin-10 expression in cervical carcinoma. Int J 
Gynaecol Obstet 98: 48-53, 2007.

46. Moreau P, Adrian-Cabestre F, Menier C, et al: IL-10 selec-
tively induces HLA-G expression in human trophoblasts and 
monocytes. Int Immunol 11: 803-811, 1999.

47. Rodriguez JA, Galeano L, Palacios DM, et al: Altered HLA 
class I and HLA-G expression is associated with IL-10 
expression in patients with cervical cancer. Pathobiology 79: 
72-83, 2012.

48. Urosevic M, Kurrer MO, Kamarashev J, et al: Human leukocyte 
antigen G up-regulation in lung cancer associates with high-grade 
histology, human leukocyte antigen class I loss and interleukin-10 
production. Am J Pathol 159: 817-824, 2001.

49. Rouas-Freiss N, Marchal RE, Kirszenbaum M, Dausset J and 
Carosella ED: The alpha1 domain of HLA-G1 and HLA-G2 
inhibits cytotoxicity induced by natural killer cells: is HLA-G 
the public ligand for natural killer cell inhibitory receptors? Proc 
Natl Acad Sci USA 94: 5249-5254, 1997.

50. Riteau B, Rouas-Freiss N, Menier C, Paul P, Dausset J and 
Carosella ED: HLA-G2, -G3, and -G4 isoforms expressed 
as nonmature cell surface glycoproteins inhibit NK and 
antigen-specific CTL cytolysis. J Immunol 166: 5018-5026, 
2001.

51. Dong DD, Yang H, Li K, et al: Human leukocyte antigen-G 
(HLA-G) expression in cervical lesions: association with cancer 
progression, HPV 16/18 infection, and host immune response. 
Reprod Sci 17: 718-723, 2010.

52. Shrestha S, Wang C, Aissani B, Wilson CM, Tang J and 
Kaslow RA: Interleukin-10 gene (IL10) polymorphisms and 
human papillomavirus clearance among immunosuppressed 
adolescents. Cancer Epidemiol Biomarkers Prev 16: 1626-1632, 
2007.

53. Matsumoto K, Oki A, Satoh T, et al: Interleukin-10 -1082 gene 
polymorphism and susceptibility to cervical cancer among 
Japanese women. Jpn J Clin Oncol 40: 1113-1116, 2010.

54. Roh JW, Kim MH, Seo SS, et al: Interleukin-10 promoter poly-
morphisms and cervical cancer risk in Korean women. Cancer 
Lett 184: 57-63, 2002.

55. Singh H, Jain M, Sachan R and Mittal B: Association of TNFA 
(-308G>A) and IL-10 (-819C>T) promoter polymorphisms with 
risk of cervical cancer. Int J Gynecol Cancer 19: 1190-1194, 
2009.



BIOMEDICAL REPORTS  1:  347-351,  2013 351

56. Szoke K, Szalmas A, Szladek G, et al: IL-10 promoter nt 
-1082A/G polymorphism and human papillomavirus infection 
in cytologic abnormalities of the uterine cervix. J Interferon 
Cytokine Res 24: 245-251, 2004.

57. Shekari M, Kordi-Tamandani DM, Malekzadeh K, Sobti RC, 
Karimi S and Suri V: Effect of anti-inflammatory (IL-4, IL-10) 
cytokine genes in relation to risk of cervical carcinoma. Am J 
Clin Oncol 35: 514-519, 2011.

58. Kurte M, López M, Aguirre A, et al: A synthetic peptide 
homologous to functional domain of human IL-10 down-regulates 
expression of MHC class I and transporter associated with 
antigen processing 1/2 in human melanoma cells. J Immunol 173: 
1731-1737, 2004.

59. Farzaneh F, Roberts S, Mandal D, et al: The IL-10 -1082G poly-
morphism is associated with clearance of HPV infection. BJOG 
113: 961-964, 2006.

60. de Waal Malefyt R, Haanen J, Spits H, et al: Interleukin 10 (IL-10) 
and viral IL-10 strongly reduce antigen-specific human T cell 
proliferation by diminishing the antigen-presenting capacity of 
monocytes via downregulation of class II major histocompat-
ibility complex expression. J Exp Med 174: 915-924, 1991.

61. Fiorentino DF, Zlotnik A, Vieira P, et al: IL-10 acts on the 
antigen-presenting cell to inhibit cytokine production by Th1 
cells. J Immunol 146: 3444-3451, 1991.

62. de Waal Malefyt R, Yssel H and de Vries JE: Direct effects 
of IL-10 on subsets of human CD4+ T cell clones and resting 
T cells. Specific inhibition of IL-2 production and proliferation. 
J Immunol 150: 4754-4765, 1993.

63. Taga K, Mostowski H and Tosato G: Human interleukin-10 can 
directly inhibit T-cell growth. Blood 81: 2964-2971, 1993.


