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Abstract It is now widely recognized that HLA-G
molecule is implicated in immune tolerance and particu-
larly in immune subversion of tumor cells. In this study, we
explored levels of soluble HLA-G (sHLA-G) in plasma
samples obtained from women with breast cancer (BC).
Additionally, we correlated sHLA-G concentration with
pregnancy and breastfeeding history. We reported in this
preliminary work significant differences in sHLA-G levels
between BC patients with/without breastfeeding experience
(p = 0.04). Interestingly, among women with BC, only
those without previous pregnancy experience present sig-
nificant increase in SHLA-G (p = 0.02). Of relevance, we
demonstrated that patients without both pregnancy and
breastfeeding history have advanced SBR III grade, asso-
ciated with significant enhancement in tumor size com-
pared with patients who had both experiences (p = 0.028).
Taken together, our results indicate the potential implica-
tion of previous pregnancy and breastfeeding experience in
sHLA-G expression during BC. We theorized that having
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pregnancy and breastfeeding history may protect against
advanced BC stages.
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Breast cancer (BC) is a leading cause of mortality in
women [1, 2]. Several molecules predispose women to
increased risk of BC, especially classical HLA (human
leukocyte antigen) class I molecules [2, 3]. Interestingly,
nonclassical HLA-I molecules have been highly implicated
in the control of BC progression [3].

Among nonclassical HLA-I molecules, HLA-G mole-
cules behave as an immune-tolerance mediator avoiding
fetus rejection [4, 5] and promoting successful pregnancy
[6]. In this context, HLA-G molecules are expressed as
membrane-bound molecules as well as soluble ones
(sHLA-G) [5]. Reciprocally, the reduced levels of HLA-G
expression are involved in pregnancy complications [7—
10].

It is well known that HLA-G molecules are implicated
in tumor evasion through the regulation of immune cell
activation [11]. In particular, HLA-G molecule inhibits
different immune cell functions including NK lysis,
LTCDS8 + cytotoxicity, and cell presenting antigens’
maturation and proliferation [12]. These functions are
associated with HLA-G interaction at least with its specific
ligands including ILT2 (immunoglobulin-like transcript),
ILT4, and KIR2DL4 (killer cell immunoglobulin-like
receptor) [12].

To the best of our knowledge, our preliminary study is
the first exploring levels of HLA-G molecules in plasma
samples of BC patients and evaluating their implication in
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BC disease progression in women with/without pregnancy/
breastfeeding history.

Study participants are 36 confirmed Tunisian breast
cancer patients from Salah Azaiz Hospital (Table 1). All
participants satisfied the World Health Organization Clas-
sification of Tumours (WHO 2012) classification criteria.
They were chemotherapy-naive for at least 3 months
before accrual. Twelve patients have low to intermediate
TNM stage (I and II) and 15 presented an advanced TNM

Table 1 Clinical and demographic characteristics of BC participants

N

No. of patients 36
Mean age (years) 47.19 (SEM = 1.47; range 30-67)

Breastfeeding experience

No 18

Yes 18
Pregnancy experience

No 16

Yes 20
Menopause

No 19

Yes 13

Unknown 4
TNM stage

Stage 1 2

Stage II 10

Stage 11 6

Stage IV 9

Unknown 9
Mean tumor size (mm) 38.41 (SEM = 3.21; range 15-80)
SBR grade

SBR 1 1

SBR I 24

SBR 1II

Unknown 5
Estrogen receptor expression

Negative 8

Positive 28
Progesterone receptor

expression

Negative 11

Positive 25

HER?2 expression

Negative 21
Positive 11
Unknown 4

HER?2 human epidermal growth factor receptor 2, NS not significant,
SBR Scarff Bloom Richardson, SEM standard error of the mean, TNM
tumor node metastasis

stage (Il and IV). Patients’ characteristics are listed in
Table 1. This study was approved by scientific ethics.

Patients were divided into two groups according to their
previous history of pregnancy and breastfeeding: Group 1
are BC patients without both previous experience of
pregnancy and breastfeeding, and group 2 are BC patients
with previous experience of pregnancy and breastfeeding.
sHLA-G dosage was performed in duplicate by sHLA-G
ELISA assay kit (Exbio, Praha, Czech Republic) according
to the manufacturer’s instructions [13, 14].

Interestingly, statistical evidence of negative correlation
was reported between sHLA-G levels and either pregnancy
experience (R Spearman = —0.416, p = 0.012) or breast-
feeding experience (R Spearman = —0.341, p = 0.042).
This means that patients with history of pregnancy and
breastfeeding should present low sHLA-G levels. This was
validated by sHLA-G dosage reported here. Indeed,
patients with previous pregnancy experience have lower
sHLA-G (7.70 Units/ml) compared to patients without
pregnancy experience (40.14 Units/ml; two-tailed Mann—
Whitney test: p = 0.018). This is in accordance with the
results showing decreased levels of sHLA-G after delivery
[15, 16]. Furthermore, results showed for the first time that
patients with no previous breastfeeding experience had
higher sHLA-G levels (35.68 Units/ml) compared to
women who have breastfed (8.13 Units/ml; two-tailed
Mann—Whitney test: p = 0.045).

Interestingly, frequencies of SBR I/Il grades are
increased in group 2 patients (82.35 %) compared to group
1 patients (75 %). Inversely, SBR III frequency is
increased in group 1 patients (25 %) compared to group 2
patients (17.65 %). sHLA-G levels are decreased in group
2 patients compared to group 1 patients (group 2 vs group
1; SBR II: 10 vs 39.39 Units/ml; SBR III: 5.47 vs
41.71 Units/ml).

Of relevance, group 1 patients showed an enhanced
tumor size (mean = 43.82 mm) compared to group 2
patients (mean = 34.8 mm). This difference is statistically
significant (Mann—Whitney: p = 0.028, Table 2).

We hypothesize that decreased sHLA-G in BC patients
with previous pregnancy and/or breastfeeding experience
may be a direct or indirect protection against complicated
stages of the disease. Further studies are still needed to
elucidate the mechanism under this regulation. Elsewhere,
sHLA-G enhancement in patients without history of preg-
nancy and breastfeeding provides a possible explanation of
worse outcome of BC. This may be corroborated by studies
on membranous HLA-G that was reported in advanced
stages of BC [17-20].

Overall, present results provided evidence that sHLA-G
level is influenced by the previous pregnancy and, for the
first time, by the previous breastfeeding experience. BC
patients with both pregnancy and breastfeeding
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Table 2 sHLA-G dosage characteristics in patients with/without pregnancy and breastfeeding experiences

Patients without pregnancy and Patients with pregnancy and p value®
breastfeeding experiences (group 1) breastfeeding experiences (group 2)
(N =16) (N=18)
Mean tumor size = SEM (mm) 43.82 £+ 2.60 34.8 £5.78 0.028
TNM stage (%)
Stage 1 0 14.29 -
Stage 11 41.67 28.57 0.52
Stage III 25 21.43 -
Stage IV 33.33 35.71 -
SBR grade (%)
SBR 1 0 5.88 -
SBR II 75 76.47 0.12
SBR 1II 25 17.65 0.35
Estrogen receptor expression (%)
Negative 43.75 2222 -
Positive 56.25 77.78 0.18
Progesterone receptor expression (%)
Negative 31.25 16.66 0.44
Positive 68.75 83.34 0.040
HER?2 expression (%)
Negative 64.29 68.75 0.049
Positive 35.71 31.25 0.80

Patients with unknown data concerning the variables were excluded from the analysis

TNM tumor node metastasis

* Mann-Whitney test comparing SHLA-G means or the mean tumor size

experiences have lower sHLA-G compared to patients
without these experiences. This cohort has also low
advanced tumor stages. Further studies with large number
of patients are still needed to confirm our preliminary
findings.

Acknowledgments This research was supported by Ministry of
Higher Education and Scientific Research of Tunisia.

Compliance with ethical standards

Conflict of interest The authors declare that there is no conflict of
interest.

References

1. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013. CA
Cancer J Clin. 2013;63(1):11-30.

2. Economopoulou P, Dimitriadis G, Psyrri A. Beyond BRCA: new
hereditary breast cancer susceptibility genes. Cancer Treat Rev.
2015;41(1):1-8.

3. da Silva GB, Silva TG, Duarte RA, Neto NL, Carrara HH,
Donadi EA, et al. Expression of the classical and nonclassical
HLA molecules in breast cancer. Int J Breast Cancer.
2013;2013:250435.

4. Djurisic S, Hviid TV. HLA Class Ib molecules and immune cells
in pregnancy and preeclampsia. Front Immunol. 2014;5:652.

@ Springer

11.

12.

13.

. Lynge Nilsson L, Djurisic S, Hviid TV. Controlling the

immunological crosstalk during conception and pregnancy: HLA-
G in reproduction. Front Immunol. 2014;5:198.

. Ellis SA, Palmer MS, McMichael AJ. Human trophoblast and the

choriocarcinoma cell line BeWo express a truncated HLA class 1
molecule. J] Immunol Res. 1990;144(2):731-5.

. Le Bouteiller P, Pizzato N, Barakonyi A, Solier C. HLA-G, pre-

eclampsia, immunity and vascular events. J Reprod Immunol.
2003;59(2):219-34.

. Biyik I. Maternal serum soluble HLA-G in complicated preg-

nancies. J Matern Fetal Neonatal Med. 2014;27(4):381-4.

. Wang X, Jiang W, Zhang D. Association of 14-bp insertion/

deletion polymorphism of HLA-G gene with unexplained recur-
rent spontaneous abortion: a meta-analysis. Tissue Antigens.
2013;81(2):108-15.

. Dahl M, Djurisic S, Hviid TV. The many faces of human

leukocyte antigen-G: relevance to the fate of pregnancy. J Im-
munol Res. 2014;2014:591489.

Loumagne L, Baudhuin J, Favier B, Montespan F, Carosella ED,
Rouas-Freiss N. In vivo evidence that secretion of HLA-G by
immunogenic tumor cells allows their evasion from immuno-
surveillance. Int J Cancer. 2014;135(9):2107-17.

Dias FC, Castelli EC, Collares CV, Moreau P, Donadi EA. The
role of HLA-G molecule and HLA-G gene polymorphisms in
tumors, viral Hepatitis, and parasitic diseases. Front Immunol.
2015:6:9.

Chen XY, Yan WH, Lin A, Xu HH, Zhang JG, Wang XX. The
14 bp deletion polymorphisms in HLA-G gene play an important
role in the expression of soluble HLA-G in plasma. Tissue
Antigens. 2008;72(4):335-41.



Immunol Res (2016) 64:636-639

639

14.

15.

16.

18.

Rudstein-Svetlicky N, Loewenthal R, Horejsi V, Gazit E. HLA-G
levels in serum and plasma. Tissue Antigens. 2006;67(2):111-6.
Rizzo R, Andersen AS, Lassen MR, Sgrensen HC, Bergholt T,
Larsen MH, et al. Soluble human leukocyte antigen-G isoforms in
maternal plasma in early and late pregnancy. Am J Reprod
Immunol. 2009;62(5):320-38.

Rizzo R, Stignani M, Amoudruz P, Nilsson C, Melchiorri L,
Baricordi O, et al. Allergic women have reduced sHLA-G plasma
levels at delivery. Am J Reprod Immunol. 2009;61(5):368-76.

. Kleinberg L, Flgrenes VA, Skrede M, Dong HP, Nielsen S,

McMaster MT, et al. Expression of HLA-G in malignant
mesothelioma and clinically aggressive breast carcinoma. Vir-
chows Arch. 2006;449(1):31-9.

Chen HX, Lin A, Shen CJ, Zhen R, Chen BG, Zhang X, et al.
Upregulation of human leukocyte antigen-G expression and its

19.

20.

clinical significance in ductal breast cancer. Hum Immunol.
2010;71(9):892-8.

He X, Dong DD, Yie SM, Yang H, Cao M, Ye SR, et al. HLA-G
expression in human breast cancer: implications for diagnosis and
prognosis, and effect on allocytotoxic lymphocyte response after
hormone treatment in vitro. Ann Surg Oncol. 2010;17(5):
1459-69.

de Kruijf EM, Sajet A, van Nes JG, Natanov R, Putter H, Smit
VT, et al. HLA-E and HLA-G expression in classical HLA class
I-negative tumors is of prognostic value for clinical outcome of
early breast cancer patients. ] Immunol. 2010;185(12):7452-9.

@ Springer



	Pregnancy and breastfeeding: a new theory for sHLA-G in breast cancer patients?
	Abstract
	Acknowledgments
	References




