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INTRODUCTION
Radiotherapy (RT) has been employed for the treatment 

of oncological patients for nearly a century, and is presently 
considered as one of the most successful components of anti-
neoplastic treatments [1-3]. Indeed, more than 50% of tumors 
received radiotherapy, alone or associated with chemo or 
immunotherapy [4]. The ability of RT to kill cancer cells by a 
direct cytotoxic mechanism has been well established [1,5]. 
However, a large body of evidence indicates that RT effects are 
more complex than the simple elimination of radiosensitive 
cancer cells. Radiation may induce immunomodulatory activities 
by up-regulating tumor-associated antigens [6,7], adhesion 
molecules [8,9], and secretory molecules [10,11], increasing 
immunogenicity of tumor cells. In this way, RT can improve the 
efficiency of tumor immunotherapy [2,12-16]. Ionizing Radiation 
(IR) can also inhibit the growth of distant tumors after local 
RT, a phenomenon known as the abscopal effect [2]. These 
immunomodulatory properties of RT emphasize the use of RT in 
combination with immunotherapy for the treatment of cancer.

Within the immunomodulator molecules that undergo 
changes in their surface expression after RT we could mention 
the Major Histocompatibility Complex (MHC) molecules, or 
Human Leukocyte Antigen (HLA) molecules in humans. These 

MHC molecules could be divided in two major classes: MHC class I 
and MHC class II. The MHC class I heterodimers are constitutively 
expressed by virtually all somatic nucleated cells. They present 
endogenous peptides to antigen- specific cytotoxic T lymphocytes, 
resulting in cell killing [17]. The MHC Class II proteins are 
only present on specialised antigen-presenting immune cells, 
including B lymphocytes, macrophages and Dendritic Cells 
(DCs). MHC II proteins present exogenous antigens that originate 
extra cellularly from foreign bodies such as bacteria. Once at the 
cell surface, the membrane-bound MHC II protein displays the 
antigen for recognition by T helper lymphocytes.

The HLA class I family in humans is sub-divided into classical 
and non-classical subfamilies. Classical HLA class I includes 
the HLA-A, -B and -C molecules, whereas the sub-group of non-
classical HLA class I is represented by HLA-E, -F and -G molecules. 
On the other hand, the HLA class II family in humans includes 
HLA-DR, -DP and –DQ molecules.

The effects of IR on the immune system have been 
extensively documented [18,19]. Exposure to IR often leads to 
immunosuppression, particularly following high-dose irradiation. 
Immunosuppression is most often ascribed to lymphocytes 
being highly radiosensitive, owing to their proclivity to undergo 
radiation-induced apoptosis. In addition to these cytotoxic 
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effects, IR may induce “danger signals”, which may in turn 
influence cell responses in the immune system. Such evidence 
has led to the emerging notion that IR is better considered an 
immunomodulatory agent rather than an immunosuppressive 
one [20,21]. The immunomodulatory effects of IR are summarized 
in Figure 1.

In this review, we will focus on the effects of IR on the 
expression of HLA class I and class II molecules, highlighting in 
particular the effects exerted on the expression of non-classical 
HLA class I molecules, such as HLA-G and HLA-E.

CLASSICAL HLA MOLECULES AND IR
The immunosuppressive effects of IR are well known [22]. 

Gamma irradiation down- regulates the expression of HLA class 
II [23-25]. In particular, a decrease in HLA-DR expression has 
been reported on CD3+ cells and on CD8+ cells after 24, 48 and 72 
h of exposure to gamma irradiation [26]. Similarly, Cao and Xiao 
[27] reported the diminution of HLA-DR expression (together 
with CD86 and CD80 reduction) after exposure of DCs to 25-30 
Gy of gamma radiation.

There is accumulating evidence that adaptive immunity 
significantly contributes to the efficacy of RT [28]. Under certain 
circumstances, irradiation can augment the local immune 
response, for example, irradiated tumors in human patients 
and in mice are more often infiltrated by leukocytes than the 
unirradiated tumors [11,29,30] and recent studies in preclinical 
models showed that the efficacy of RT depends on adaptive 
immunity [31].

Gamma radiation induce a variety of alterations in tumor cells 
[12], that includes de novo synthesis of particular proteins and 
up-regulation in the expression of MHC class I/II molecules [1-
3,12-14,16,32-34]. In human tumoral cells and in a mouse models, 
irradiation increased MHC class I and activated cytotoxic T cells 
[2,35]. Gamma irradiation up-regulated HLA class I molecules 
in multiple myeloma cell lines and primary tumors in a dose 
dependent manner [16]. Similarly, Ma et al. [34] observed that 
low-dose radiation of human renal cell carcinoma cells induced 
an increase in the membrane expression of MHC I and MHC II 
which was dependent of the dose. The up-regulated expression of 
HLA class I seem specific for gamma radiation, as similar changes 

Figure 1 Immunomodulatory action of radiotherapy.  A) Tumor cells killed by IR constitute a very good source of antigens for DCs uptake and 
presentation to T cells. Optimal activation of T cells by DCs presenting tumor antigens can be achieved only in the presence of “danger” signals. B) 
Radiation up-regulates the release of secretory molecules (cytokines, inflammatory mediators) by tumoral cells providing signals for T cells to come 
to the areas of tumor. The expression of immunomodulatory surface molecules (MHC, adhesion molecules, death receptors) is also up- regulated, 
making it easier for T cells to recognize and kill tumor. In addition, IR could down- regulate the surface expression of non-classical HLA class I 
molecules such as HLA-G and HLA-E, contributing to the anti-tumor immune response.
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in gene expression were not observed upon other treatments that 
induce DNA-damage, hypoxia or hyperthermia [1]. Deficiency of 
MHC class I antigen presentation is very frequent in tumors [36], 
and blunted antigen presentation through reduced expression of 
MHC class I molecules on the surface of cancer cell represents 
a mechanism of tumor immune escape. For this reason, IR-
mediated enhancement of MHC class I expression could be a 
potential tool for cancer treatment. In addition, gamma radiation 
increases tumor cell recognition by CD8+T lymphocytes, so the 
combination of RT with treatments that support tumor specific 
immunity may result in an increased therapeutic efficacy [1].

The up-regulation of HLA class I after gamma irradiation 
seems to be a specific feature of malignant cells, since that 
phenomenon was not observed in normal primary cells [1].

Recently, Wan et al. [37] showed that the transfer of 
conditioned media from irradiated ZR- 75-1 human breast cancer 
cells to non-irradiated recipient cells increased the expression of 
both total cellular and cell surface HLA class I in the recipient 
cells. This observation suggests that HLA I elevation in the 
recipient cells is due to secreted soluble factors such as cytokines 
from the irradiated donor cells. To corroborate this hypothesis, 
the authors added a neutralizing antibody against IFN-β to the 
conditioned media from irradiated cells, and they observed a 
reduced expression of HLA I in non-irradiated recipient cells, 
suggesting that enhanced HLA I expression after IR exposure 
is mediated by IFN-β secretion from irradiated cells. Another 
inductor of surface MHC class I up-regulation after irradiation is 
IFN-γ. Lugade et al. [11] tested the influence of IFN-γ signalling 
(generated after irradiation) on surface MHC class I expression. 
For this purpose, the authors used murine B16/OVA melanoma 
cells engineered to over express a dominant negative mutant of 
the IFN-γ receptor (B16/OVA/DNM). Following irradiation, the 
expression of surface MHC class I was increased in B16/OVA, but 
not in B16/OVA/DNM cells, suggesting that IFN-γ acts directly on 
tumor cells to induce MHC class I up-regulation.

In RT, patient irradiation protocols consist in the 
administration of fractionated doses in order to not cause 
damage of normal tissues [38,39]. In this regard, Sharma et al. 
[1] compared the effects of irradiation with a single dose of 20 Gy 
or with a fractionated irradiation protocol (2 Gy during 10 days) 
and they observed an increment in the expression of HLA I with 
both irradiation protocols.

Non-classical HLA class I molecules. Effects of IR on 
surface expression

Neoplastic cells have developed a variety of strategies to 
escape immune control [40]. Alteration of HLA expression and/or 
function is one of the most frequent mechanisms used by tumor 
cells to avoid Cytotoxic T Lymphocyte (CTL) recognition and 
destruction. In addition, expression of non-classical HLA class I 
antigens (HLA-E, -F and/or -G) are often induced in tumors. Thus, 
alterations in the expression of classical and non-classical HLA 
class I provide tumor cells with different mechanisms to evade 
host immune surveillance.

HLA-G

In contrast to classical HLA class I genes, which are very 

polymorphic and ubiquitously expressed, the HLA-G gene has a 
very low level of polymorphism and highly restricted distribution 
under non-pathological situations: trophoblast [41], thymus 
[42], cornea [43], pancreas [44], and erythroid and endothelial 
precursors [45]. Apart from its expression in adult immune 
privileged organs and in cells of the hematopoietic lineage, 
induction of HLA-G protein expression could be frequently 
observed in certain pathological situations such as cancer, 
transplantation, and viral infectious diseases [46-50]. Indeed, 
HLA-G has been detected in nearly thirty types of malignancies 
of distinct origin including melanoma, carcinoma (breast, 
renal, ovarian, lung, and colorectal), lymphoma and leukemia 
[51,52]. Recently, de Figueiredo Feitosa et al. [53] evaluated the 
expression of HLA-G in histologically normal and tumoral thyroid 
tissues, and they found that HLA-G was weakly expressed in 
normal thyroid glands and colloid goiters, whereas in papillary 
thyroid carcinoma, follicular thyroid carcinomas and follicular 
adenomas the percentage of cell staining was significantly higher. 
Moreover, the level of HLA-G expression was correlated with the 
size and aggressiveness of the tumor. Besides to its expression by 
tumoral cells, it has been shown that HLA-G could be expressed 
also by tumour associated macrophages/monocytes in lung 
cancer, melanoma, breast cancer and neuroblastoma [54-57] 
and by glioblastoma infiltrating microglia [58]. Interestingly, it 
has also been shown that membrane patches containing HLA-G 
molecules could be transferred from cancer cells to activated 
NK cells, trough a phenomenon known as trogocytosis [59-
61]. As a result, the NK cells that receive the HLA-G molecules 
stop proliferating and inhibit the cytotoxic effector functions of 
neighboring NK cells.

The HLA-G molecule can be expressed as seven different 
isoforms, four membrane bound (HLA-G1 to -G4) and three 
soluble (HLA-G5 to -G7) generated by alternative splicing of 
the HLA- G primary transcript [62]. Among these isoforms, the 
HLA-G1 and HLA-G5 are the most frequently observed [52]. A 
soluble form of the HLA-G1 molecule (sHLA-G1) also exists which 
is generated by proteolitic cleavage of the membrane-bound 
HLA-G1 at the cell surface [63]. Similar to classical HLA class I 
molecules, HLA-G forms heterodimers with ȕ2 microglobulin 
[64]. Association with ȕ2 microglobulin is required for cell surface 
expression of HLA-G1 and its interaction with ILT-2 receptor 
[52]. In addition, HLA-G can form homodimers and homotrimers. 
These HLA-G oligomers bind to HLA-G inhibitory receptors with 
increased affinity than monomers [64,65]. IFN-ȕ and IFN-Ȗ (two 
cytokines frequently present in the tumor microenvironment) 
increase the formation of HLA-G1 dimers [52]. Moreover, soluble 
HLA-G5 dimers and multimers have also been detected in ascitic 
fluid from ovarian carcinoma patients [52].

As we mentioned above, HLA-G exhibits low level of allelic 
polymorphism, with 31 HLA-G alleles acknowledged in the coding 
region to date [66]. HLA-G polymorphism has also been reported 
in the 5´-upstream regulatory region (5´ URR) and in the 3´- 
untranslated region (3´ UTR) of the gene, which may contribute 
to the regulation of HLA-G expression [67]. Among them, a 14 bp 
insertion/deletion polymorphism has been described in the 3´ 
UTR in exon 8 [68]. This 14-bp insertion/deletion polymorphism 
is associated with HLA-G mRNA stability and splicing pattern, 
which could affect HLA-G protein expression [67, 69].



Central

Michelin et al. (2014)
Email: 

J Immunol Clin Res 2(2): 1023 (2014) 4/9

HLA-G is a potent immunosuppressive molecule and 
mediates this inhibitory action by binding to inhibitory receptors 
present on immune cells [62,70]. Three HLA-G-recognizing 
immunoglobulin-like receptors have been identified: ILT-2, 
ILT-4 and KIR2DL4 [71-73]. These receptors are differentially 
expressed by immune cells: B and T lymphocytes express the ILT-
2 receptor, decidual and peripheral NK cells express KIR2DL4 and 
ILT-2 receptors, whereas monocytes/macrophages/DCs express 
the ILT-2 and ILT-4 receptors [70]. By binding to these receptors, 
HLA-G inhibits cytotoxicity of CD8+ T lymphocytes and NK cells, 
the alloproliferative response of CD4+ T cells [74-77], and the 
production of Th1 (IFN-γ, IL-2) and Th2 (IL-10) citoquines by CD4+ 
T lymphocytes [78]. Furthermore, HLA-G can induce apoptosis of 
activated CD8+ T cells and NK cells and affects the function of 
DCs, in particular their maturation, migration, trafficking, antigen 
presentation as well as their cross-talk between T and NK cells 
[46]. sHLA-G can also induce apoptosis in T lymphocytes and 
NK CD8+ cells [79] and it has been recently demonstrated that 
sHLA-G downregulates the expression of the chemokine receptor 
in T cells, impairing chemotaxis [80]. Peripheral sHLA-G antigens, 
which could be derived from the release of membrane-bound 
HLA-G isoforms (sHLA-G1 from HLA-G1 shedding) and from the 
secretion of sHLA-G isoforms, (HLA-G5 in particular) may affect 
anti-tumor immune response both locally at the tumor site and 
systemically via the circulation [51]. sHLA-G plasma levels are 
often significantly increased in patients with malignant diseases 
such as melanoma, glioma, breast and ovarian carcinoma, lung 
cancer, papillary thyroid carcinoma, and leukaemia [81-84]. In 
this regard, determination of sHLA-G levels has been applied 
as a diagnostic tool to distinguish between malignant and 
benign tumors or health controls, and as a prognostic marker in 
prediction of the disease outcome [85, 86].

It has been shown that certain stimulus, such as cytokines (IL-
10 and IFN-γ)), heat shock, hypoxia, oxidative stress and radiation 
could modulate the expression of HLA-G [80]. Previous data 
from our laboratory indicate that the exposure of the naturally 
expressing HLA-G1 FON cell line (from human melanoma) to 
high doses (10-20 Gy) of gamma radiation decreases the surface 
expression of this molecule. The fractionated 20 Gy irradiation 
protocol (2 Gy x 10) was also effective in decreasing surface HLA-G1 
levels [87]. Our results are in agreement with a previous work of 
Urosevic et al. [88]. In this study, the authors analysed a series of 
basal cell carcinomas (BCCs) of the skin treated with superficial 
radiotherapy for HLA-G expression. Immunohistochemistry of 
these tumors revealed HLA-G expression in 90% of the tumours, 
and in nearly 20% of BCC cases, HLA-G was also expressed in 
Tumour-Infiltrating Mononuclear Cells (TIMC). The expression 
of HLA-G on TIMC was associated with longer recurrence-
free period in those patients whose tumours recurred. After 
comparing primary BCCs and BCCs relapsed after radiotherapy, 
the authors observed a decreased in HLA-G expression on tumor 
cells and the loss of HLA-G expression on TIMC. They conclude 
that radiotherapy may change the immunobiology of BCC 
resulting in down regulation of HLA-G expression on tumor and 
on tumor-infiltrating cells.

In addition, we could demonstrate that the down-regulation 
of surface HLA-G1 in melanoma FON cells was accompanied by a 
significant decrease in total HLA-G1 (evaluated by Western Blot), 

and by the concomitant increase in the levels of sHLA-G1 in the 
culture medium (measured by ELISA assay). Taking together, 
these results strongly suggest that the effect of IR in decreasing 
HLA-G1 cell-surface expression could be through the shedding 
of membrane-bound HLA-G1 to the medium [87]. Recently, we 
evaluate if the expression of HLA-G1 intervenes in the survival 
response to ionizing radiation of human tumoral cells cultured 
in vitro. For that purpose, we compared the survival frequency 
after gamma irradiation of HLA-G1 positive and HLA-G1 negative 
cell lines from melanoma (M8 cells) and erythroleukemia (K562 
cells). We could determine that HLA-G1 confers a significant 
reduction in cell survival after gamma irradiation to those 
cell lines that express the HLA-G1 molecule with respect to 
HLA-G1 negative cells, postulating HLA-G1 as a possible tumoral 
radiosensitivity marker [89].

HLA-E

HLA-E is ubiquitiously expressed in several tissues. It is 
found in extra villous trophoblast cells, kidney, skin, liver, 
thyroid, bladder, stomach, endometrium, spleen, lymph nodes 
as well as in endothelial cells, B and T lymphocytes, monocytes, 
macrophages and megakaryocytes [80,90]. In fact, HLA-E is 
expressed in all human tissues where classical HLA class I 
molecules are expressed [80,91]. Similar to HLA-G, HLA-E forms 
a complex with ȕ2 microglobulin [64]. HLA-E is also expressed 
by tumour cells of different types of cancers such as colorectal, 
laryngeal, ovarian, and breast cancer, melanoma, lymphoma 
and glioma [49,80,92-97]. In addition, HLA-E could be released 
by melanoma cells as soluble forms (sHLA-E) by proteolytic 
cleavage of surface molecules [94] and serum levels of sHLA-E 
were found to be significantly increased in melanoma patients in 
comparison with healthy donors [98]. Similarly to HLA-G, there is 
a correlation between HLA-E expression and tumor progression. 
Indeed, de Kruijf et al. [96] found that the expression of HLA-E 
in HLA class I-negative breast carcinoma patients was associated 
with a poor relapse-free period. HLA-E was first described as a 
non-polymorphic ligand of the CD94/NKG2 family of receptors 
expressed mainly by NK cells and some subsets of CD8+ T cells 
[99,100] so its role was confined to the regulation of NK cell 
function. The CD94/NKG2 receptors are comprised of both 
activating (2C, 2E and 2H) and inhibitory (2A and 2B) members 
[101]. Therefore, interaction of HLA-E with these receptors can 
result in either inhibition or activation of NK cells. However, 
there is convincing evidence that HLA-E can also present peptide 
antigens for T-cell receptor recognition. Thus, HLA-E may play 
a relevant role in both innate and adaptive immunity [102,103]. 
Due to its capacity to bind to the CD94/NKG2A receptor, HLA-E 
expression by tumors might also result in their escape from 
immune surveillance [97,104]. Indeed, in malignant cells the 
physiological correlation of HLA class I antigens and HLA-E is 
disturbed (down-regulation of classical HLA class I together with 
up-regulation of HLA-E antigens) as a strategy for avoiding T cell 
immune recognition [80].

With regard to the influence of IR on HLA-E expression, we 
could observed that together with HLA-G1 surface decrease, the 
HLA-E surface expression, as well as surface HLA-I levels were 
down-regulated in FON cells exposed to10 and 20 Gy of gamma 
radiation [87]. Given that HLA-G stabilizes the surface expression 
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of HLA-E [99], the decrease in HLA-E observed in irradiated FON 
cells could be an indirect effect of HLA-G1 diminution induced 
by IR. In contrast to our results, Riederer et al. [105] reported 
that irradiation of macrovascular Endothelial Cells (ECs) with 
sublethal dosis (4 Gy) of gamma radiation induced HLA-E up-
regulation, conferring protection against killing by activated 
NK cells. Irradiation had no effect on HLA-E expression on 
microvascular ECs and the sensitivity of these cells to NK cells 
remained unaffected. The difference between both series of 
results could be due to the dose, since in [87] the cells were 
exposed to high dosis of gamma radiation, whereas in [105] the 
authors used sub-lethal dosis of gamma radiation.

HLA-F

HLA-F was discovered in 1990 [106] and remains the 
least studied of the non-classical HLA class I molecules. HLA-F 
expression seems to be limited to the tonsils, spleen, thymic 
tissue, and placenta, and overall transcription of this gene appears 
to be higher in lymphoid cells compared with non-lymphoid cells 
[107]. Similar to HLA-G molecules, HLA-F can form a complex 
with ȕ2 microglobulin [64], and has been shown to bind to the 
inhibitory receptors ILT-2 and ILT-4, suggesting a potential 
role of HLA-F in regulating immune cell function [107,108]. 
The cytoplasmic expression of HLA-F was found in different 
tumor cell lines and/or tumor lesions derived from bladder, 
liver and non-small cell lung cancer as well as glioblastoma [80]. 
Furthermore, HLA-F expression appears of clinical significance 
and has been suggested as an unfavourable prognostic factor 
in patients affected by non-small cell lung cancer [109], and by 
oesophageal squamous cell carcinoma [110]. In addition, anti-
HLA-F IgG is present in the sera of patients with various types of 
cancer, but not in the sera of healthy donors [111]. So far no data 
have been reported on HLA-F and radiation.

CONCLUDING REMARKS
Ideally, the finding of an anti-neoplastic treatment that favour 

at the same time up-regulation of classical and reduction of non-
classical HLA class I molecules on the surface of tumoral cells, 
could at least in theory, induce the optimal conditions to increase 
the susceptibility of cancer cells to be recognized and eliminated 
by NK cells and cytotoxic T lymphocytes. In this regard, and 
as summarized in Table 1, several publications reported that 
gamma radiation augments the surface levels of classical HLA 
class I molecules [1,33] and decreases surface levels of HLA-G 
and HLA- E [87,88]. On the other hand, gamma irradiation was 
also reported to increase the levels of the non- classical HLA-E 
[105]. Therefore, a single completely effective radiotherapy for 
the treatment of cancer has not been found so far and there is still 
much research to be done to take advantage on the knowledge 
of the regulation of HLA molecules by IR for increase tumor 
susceptibility to be attacked by the immune system. 

REFERENCES
1.	 Sharma A, Bode B, Wenger RH, Lehmann K, Sartori AA, Moch H, et 

al. g-Radiation promotes immunological recognition of cancer cells 
through increased expression of cancer-testis antigens in vitro and in 
vivo. PLoS One. 2011; 6: e28217.

2.	 Reits EA, Hodge JW, Herberts CA, Groothuis TA, Chakraborty M, 
Wansley EK, et al. Radiation modulates the peptide repertoire, 
enhances MHC class I expression, and induces successful antitumor 
immunotherapy. J Exp Med. 2006; 203: 1259-1271.

3.	 Demaria S, Kawashima N, Yang AM, Devitt ML, Babb JS, Allison JP, et al. 
Immune-mediated inhibition of metastases after treatment with local 
radiation and CTLA-4 blockade in a mouse model of breast cancer. 
Clin Cancer Res. 2005; 11: 728-734.

4.	 Faithfull S, Wells M. Supportive care in radiotherapy, Churchill 
Livingstone. 2003.

Molecule Dosis of gamma irradiation 
(Gy) Cell Type Effect on molecule 

expression Reference

MHC class I/II 100 Melanoma cells Up-regulation [32]

MHC class I/II 100-180 Human multiple myeloma cell lines Up-regulation [16]

MHC class I 1-25 Mice and cell lines Up-regulation [2]

MHC class I 50 (in 25 fractions) Melanoma cells (B16) Up-regulation [12]

MHC class I 25, 50 and 100 Cervical cancer cells Up-regulation [14]

MHC class I 10 and 20 Human carcinoma cell lines Up-regulation [35]

MHC class I 20 Cancer cell lines/ biopsies Up-regulation [1]

HLA class I 2-20 Brain tumors Up-regulation [13]

HLA-DR 30 DCs Down regulation [24]

HLA-DR 25-30 DCs Down- regulation [27]
HLA-DR -- CD3+ and CD8+ cells Down- regulation [26]
HLA-DR 5 Monocyte derived DCs Down- regulation [25]

HLA-G 10-20 Human melanoma cells (FON) Down-regulation [87]

HLA-G -- Basal cell carcinoma/tumor- infiltrating 
cells Down-regulation [88]

HLA-E 10-20 Human melanoma cells (FON) Down-regulation [87]

HLA-E 4 Macrovascular endothelial cells Up-regulation [105]

Table 1: Effect of gamma irradiation on the surface expression of classical and non-classical MHC molecules.

http://www.ncbi.nlm.nih.gov/pubmed/22140550
http://www.ncbi.nlm.nih.gov/pubmed/22140550
http://www.ncbi.nlm.nih.gov/pubmed/22140550
http://www.ncbi.nlm.nih.gov/pubmed/22140550
http://www.ncbi.nlm.nih.gov/pubmed/16636135
http://www.ncbi.nlm.nih.gov/pubmed/16636135
http://www.ncbi.nlm.nih.gov/pubmed/16636135
http://www.ncbi.nlm.nih.gov/pubmed/16636135
http://www.ncbi.nlm.nih.gov/pubmed/15701862
http://www.ncbi.nlm.nih.gov/pubmed/15701862
http://www.ncbi.nlm.nih.gov/pubmed/15701862
http://www.ncbi.nlm.nih.gov/pubmed/15701862
http://books.google.co.in/books/about/Supportive_Care_in_Radiotherapy.html?id=I9GY7zC9nHgC
http://books.google.co.in/books/about/Supportive_Care_in_Radiotherapy.html?id=I9GY7zC9nHgC


Central

Michelin et al. (2014)
Email: 

J Immunol Clin Res 2(2): 1023 (2014) 6/9

5.	 Verbrugge I, Galli M, Smyth MJ, Johnstone RW, Haynes NM. 
Enhancing the antitumor effects of radiotherapy with combinations 
of immunostimulatory antibodies. Oncoimmunology. 2012; 1: 1629-
1631.

6.	 Hareyama M, Imai K, Ban T, Koshiba H, Kubo K, Shidou M, et al. Effect 
of radiation on the expression of carcinoembryonic antigen on the 
membranes of human gastric adenocarcinoma cells--immunological 
study using monoclonal antibodies. Nihon Igaku Hoshasen Gakkai 
Zasshi. 1988; 48: 1572-1574.

7.	 Ciernik IF, Romero P, Berzofsky JA, Carbone DP. Ionizing radiation 
enhances immunogenicity of cells expressing a tumor-specific T-cell 
epitope, Int J Radiat Oncol Biol Phys.1999; 45: 735-741. 

8.	 Gaugler MH, Squiban C, van der Meeren A, Bertho JM, Vandamme 
M, Mouthon MA. Late and persistent up-regulation of intercellular 
adhesion molecule-1 (ICAM-1) expression by ionizing radiation in 
human endothelial cells in vitro, Int J Radiat Biol. 1997; 72: 201-209.

9.	 Quarmby S, Hunter RD, Kumar S. Irradiation induced expression of 
CD3, ICAM-1 and VCAM-1 in human microvascular endothelial cells. 
Anticancer Res. 2000; 20: 3375-3381.

10.	Ganss R, Ryschich E, Klar E, Arnold B, Hämmerling GJ. Combination of 
T-cell therapy and trigger of inflammation induces remodeling of the 
vasculature and tumor eradication. Cancer Res. 2002; 62: 1462-1470.

11.	Lugade AA, Moran JP, Gerber SA, Rose RC, Frelinger JG, Lord EM. Local 
radiation therapy of B16 melanoma tumors increases the generation 
of tumor antigen-specific effector cells that traffic to the tumor. J 
Immunol. 2005; 174: 7516-7523.

12.	Hauser SH, Calorini L, Wazer DE, Gattoni-Celli S. Radiation-enhanced 
expression of major histocompatibility complex class I antigen H-2Db 
in B16 melanoma cells, Cancer Res. 1993; 53: 1952-1955.

13.	Klein B, Loven D, Lurie H, Rakowsky E, Nyska A, Levin I, et al. The 
effect of irradiation on expression of HLA class I antigens in human 
brain tumors in culture. J Neurosurg. 1994; 80: 1074-1077.

14.	Santin AD, Hermonat PL, Hiserodt JC, Chiriva-Internati M, Woodliff 
J, Theus JW, et al. Effects of irradiation on the expression of major 
histocompatibility complex class I antigen and adhesion costimulation 
molecules ICAM-1 in human cervical cancer, Int J Radiat Oncol Biol 
Phys. 1997; 39: 737-742.

15.	Friedman EJ. Immune modulation by ionizing radiation and its 
implications for cancer immunotherapy. Curr Pharm Des. 2002; 8: 
1765-1780.

16.	Chiriva-Internati M, Grizzi F, Pinkston J, Morrow KJ, D’Cunha N, Frezza 
EE, et al. Gamma-radiation upregulates MHC class I/II and ICAM-I 
molecules in multiple myeloma cell lines and primary tumors. In Vitro 
Cell Dev Biol Anim. 2006; 42: 89-95.

17.	Janeway CA, Travers P, Walport M, Shlomchik MJ. Immunobiology. 5th 
edn. Garland Science. 2001.

18.	Rubner Y, Wunderlich R, Rühle PF, Kulzer L, Werthmöller N, Frey B, et 
al. How does ionizing irradiation contribute to the induction of anti-
tumor immunity? Front Oncol. 2012; 2: 75.

19.	Manda K, Glasow A, Paape D, Hildebrandt G. Effects of ionizing 
radiation on the immune system with special emphasis on the 
interaction of dendritic and T cells, Front Oncol. 2012; 2: 102. 

20.	McBride WH, Chiang CS, Olson JL, Wang CC, Hong JH, Pajonk F. A sense 
of danger from radiation, Radiat Res. 2004; 162: 1-19.

21.	Report, Effects of Ionizing Radiation. Annex D: Effects of ionizing 
radiation on the immune system. 2006.

22.	Koenig KL, Goans RE, Hatchett RJ, Mettler FA, Schumacher TA, Noji EK, 

et al. Medical treatment of radiological casualties: current concepts, 
Ann Emerg Med. 2005; 45: 643-652. 

23.	Liao YP, Wang CC, Butterfield LH, Economou JS, Ribas A, Meng WS, 
et al. Ionizing radiation affects human MART-1 melanoma antigen 
processing and presentation by dendritic cells, J Immunol. 2004; 173: 
2462-2469.

24.	Cao MD, Chen ZD, Xing Y. Gamma irradiation of human dendritic cells 
influences proliferation and cytokine profile of T cells in autologous 
mixed lymphocyte reaction. Cell Biol Int. 2004; 28: 223-228.

25.	Reuben JM, Korbling M, Gao H, Lee BN. The effect of low dose gamma 
irradiation on the differentiation and maturation of monocyte derived 
dendritic cells. J Gravit Physiol. 2004; 11: P49-52.

26.	Malinowski K, Pullis C, Raisbeck AP, Rapaport FT. Modulation of 
human lymphocyte marker expression by gamma irradiation and 
mitomycin C. Cell Immunol. 1992; 143: 368-377.

27.	Cao MD, Xiao BG. Influence of gamma irradiation on phenotype and 
function of human dendritic cells in vitro. Zhongguo Shi Yan Xue Ye 
Xue Za Zhi. 2003; 11: 282-286.

28.	North RJ. Gamma-irradiation facilitates the expression of adoptive 
immunity against established tumors by eliminating suppressor T 
cells, Cancer Immunol Immunother. 1984; 16: 175- 181.

29.	Pandey R, Shankar BS, Sharma D, Sainis KB. Low dose radiation 
induced immunomodulation: effect on macrophages and CD8+ T cells, 
Int J Radiat Biol. 2005; 81: 801-812. 

30.	Matsumura S, Wang B, Kawashima N, Braunstein S, Badura M, 
Cameron TO.et al. Radiation-induced CXCL16 release by breast cancer 
cells attracts effector T cells, J Immunol. 2008; 181: 3099-3107.

31.	Shiao SL, Coussens LM. The tumor-immune microenvironment and 
response to radiation therapy. J Mammary Gland Biol Neoplasia. 2010; 
15: 411-421.

32.	Abdel-Wahab Z, Dar MM, Hester D, Vervaert C, Gangavalli R, Barber 
J, et al. Effect of irradiation on cytokine production, MHC antigen 
expression, and vaccine potential of interleukin-2 and interferon-
gamma gene-modified melanoma cells, Cell Immunol. 1996; 171: 246- 
254.

33.	Rosental B, Appel MY, Yossef R, Hadad U, Brusilovsky M, Porgador 
A. The effect of chemotherapy/radiotherapy on cancerous pattern 
recognition by NK cells. Curr Med Chem. 2012; 19: 1780-1791.

34.	Ma ZF, Huang JR, Cui NP, Wen M, Chen BP, Li Z, Zhao CL. Expressions 
of immunogenic molecules in low-dose radiotherapy-treated human 
renal clear cell carcinoma 786-0 cells. Zhonghua Yi Xue Za Zhi. 2013; 
93: 2385-2387.

35.	Garnett CT, Palena C, Chakraborty M, Tsang KY, Schlom J, Hodge JW. 
Sublethal irradiation of human tumor cells modulates phenotype 
resulting in enhanced killing by cytotoxic T lymphocytes. Cancer Res. 
2004; 64: 7985-7994.

36.	Garcia-Lora A, Algarra I, Garrido F. MHC class I antigens, immune 
surveillance, and tumor immune escape. J Cell Physiol. 2003; 195: 
346-355.

37.	Wan S, Pestka S, Jubin RG, Lyu YL, Tsai YC, Liu LF. Chemotherapeutics 
and radiation stimulate MHC class I expression through elevated 
interferon-beta signaling in breast cancer cells. PLoS One. 2012; 7: 
e32542.

38.	Hall EJ, Giaccia AJ. Radiobiology for the Radiologist, Sixth ed., 
Lippincott Williams & Wilkins. 2006.

39.	Tubiana M. Radiobiologie: radiothérapie et radioprotection: bases 
fondamentales. 3e edn. Paris: Hermann/Médecine. 2008.

http://www.ncbi.nlm.nih.gov/pubmed/23264917
http://www.ncbi.nlm.nih.gov/pubmed/23264917
http://www.ncbi.nlm.nih.gov/pubmed/23264917
http://www.ncbi.nlm.nih.gov/pubmed/23264917
http://www.ncbi.nlm.nih.gov/pubmed/3251195
http://www.ncbi.nlm.nih.gov/pubmed/3251195
http://www.ncbi.nlm.nih.gov/pubmed/3251195
http://www.ncbi.nlm.nih.gov/pubmed/3251195
http://www.ncbi.nlm.nih.gov/pubmed/3251195
http://www.ncbi.nlm.nih.gov/pubmed/10524430
http://www.ncbi.nlm.nih.gov/pubmed/10524430
http://www.ncbi.nlm.nih.gov/pubmed/10524430
http://www.ncbi.nlm.nih.gov/pubmed/9269313
http://www.ncbi.nlm.nih.gov/pubmed/9269313
http://www.ncbi.nlm.nih.gov/pubmed/9269313
http://www.ncbi.nlm.nih.gov/pubmed/9269313
http://www.ncbi.nlm.nih.gov/pubmed/11131637
http://www.ncbi.nlm.nih.gov/pubmed/11131637
http://www.ncbi.nlm.nih.gov/pubmed/11131637
http://www.ncbi.nlm.nih.gov/pubmed/11888921
http://www.ncbi.nlm.nih.gov/pubmed/11888921
http://www.ncbi.nlm.nih.gov/pubmed/11888921
http://www.ncbi.nlm.nih.gov/pubmed/15944250
http://www.ncbi.nlm.nih.gov/pubmed/15944250
http://www.ncbi.nlm.nih.gov/pubmed/15944250
http://www.ncbi.nlm.nih.gov/pubmed/15944250
http://www.ncbi.nlm.nih.gov/pubmed/8467514
http://www.ncbi.nlm.nih.gov/pubmed/8467514
http://www.ncbi.nlm.nih.gov/pubmed/8467514
http://www.ncbi.nlm.nih.gov/pubmed/8189262
http://www.ncbi.nlm.nih.gov/pubmed/8189262
http://www.ncbi.nlm.nih.gov/pubmed/8189262
http://www.ncbi.nlm.nih.gov/pubmed/9336157
http://www.ncbi.nlm.nih.gov/pubmed/9336157
http://www.ncbi.nlm.nih.gov/pubmed/9336157
http://www.ncbi.nlm.nih.gov/pubmed/9336157
http://www.ncbi.nlm.nih.gov/pubmed/9336157
http://www.ncbi.nlm.nih.gov/pubmed/12171547
http://www.ncbi.nlm.nih.gov/pubmed/12171547
http://www.ncbi.nlm.nih.gov/pubmed/12171547
http://www.ncbi.nlm.nih.gov/pubmed/16759154
http://www.ncbi.nlm.nih.gov/pubmed/16759154
http://www.ncbi.nlm.nih.gov/pubmed/16759154
http://www.ncbi.nlm.nih.gov/pubmed/16759154
http://www.ncbi.nlm.nih.gov/books/NBK10757/
http://www.ncbi.nlm.nih.gov/books/NBK10757/
http://www.ncbi.nlm.nih.gov/pubmed/22848871
http://www.ncbi.nlm.nih.gov/pubmed/22848871
http://www.ncbi.nlm.nih.gov/pubmed/22848871
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3426842/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3426842/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3426842/
http://www.ncbi.nlm.nih.gov/pubmed/15222781
http://www.ncbi.nlm.nih.gov/pubmed/15222781
http://www.ncbi.nlm.nih.gov/pubmed/15940101
http://www.ncbi.nlm.nih.gov/pubmed/15940101
http://www.ncbi.nlm.nih.gov/pubmed/15940101
http://www.ncbi.nlm.nih.gov/pubmed/15294960
http://www.ncbi.nlm.nih.gov/pubmed/15294960
http://www.ncbi.nlm.nih.gov/pubmed/15294960
http://www.ncbi.nlm.nih.gov/pubmed/15294960
http://www.ncbi.nlm.nih.gov/pubmed/14984749
http://www.ncbi.nlm.nih.gov/pubmed/14984749
http://www.ncbi.nlm.nih.gov/pubmed/14984749
http://www.ncbi.nlm.nih.gov/pubmed/16231453
http://www.ncbi.nlm.nih.gov/pubmed/16231453
http://www.ncbi.nlm.nih.gov/pubmed/16231453
http://www.ncbi.nlm.nih.gov/pubmed/1380896
http://www.ncbi.nlm.nih.gov/pubmed/1380896
http://www.ncbi.nlm.nih.gov/pubmed/1380896
http://www.ncbi.nlm.nih.gov/pubmed/12844414
http://www.ncbi.nlm.nih.gov/pubmed/12844414
http://www.ncbi.nlm.nih.gov/pubmed/12844414
http://www.ncbi.nlm.nih.gov/pubmed/15294960
http://www.ncbi.nlm.nih.gov/pubmed/15294960
http://www.ncbi.nlm.nih.gov/pubmed/15294960
http://www.ncbi.nlm.nih.gov/pubmed/16484149
http://www.ncbi.nlm.nih.gov/pubmed/16484149
http://www.ncbi.nlm.nih.gov/pubmed/16484149
http://www.ncbi.nlm.nih.gov/pubmed/18713980
http://www.ncbi.nlm.nih.gov/pubmed/18713980
http://www.ncbi.nlm.nih.gov/pubmed/18713980
http://www.ncbi.nlm.nih.gov/pubmed/21161342
http://www.ncbi.nlm.nih.gov/pubmed/21161342
http://www.ncbi.nlm.nih.gov/pubmed/21161342
http://www.ncbi.nlm.nih.gov/pubmed/8806794
http://www.ncbi.nlm.nih.gov/pubmed/8806794
http://www.ncbi.nlm.nih.gov/pubmed/8806794
http://www.ncbi.nlm.nih.gov/pubmed/8806794
http://www.ncbi.nlm.nih.gov/pubmed/8806794
http://www.ncbi.nlm.nih.gov/pubmed/22414084
http://www.ncbi.nlm.nih.gov/pubmed/22414084
http://www.ncbi.nlm.nih.gov/pubmed/22414084
http://www.ncbi.nlm.nih.gov/pubmed/24300208
http://www.ncbi.nlm.nih.gov/pubmed/24300208
http://www.ncbi.nlm.nih.gov/pubmed/24300208
http://www.ncbi.nlm.nih.gov/pubmed/24300208
http://www.ncbi.nlm.nih.gov/pubmed/15520206
http://www.ncbi.nlm.nih.gov/pubmed/15520206
http://www.ncbi.nlm.nih.gov/pubmed/15520206
http://www.ncbi.nlm.nih.gov/pubmed/15520206
http://www.ncbi.nlm.nih.gov/pubmed/12704644
http://www.ncbi.nlm.nih.gov/pubmed/12704644
http://www.ncbi.nlm.nih.gov/pubmed/12704644
http://www.ncbi.nlm.nih.gov/pubmed/22396773
http://www.ncbi.nlm.nih.gov/pubmed/22396773
http://www.ncbi.nlm.nih.gov/pubmed/22396773
http://www.ncbi.nlm.nih.gov/pubmed/22396773
http://books.google.co.in/books/about/Radiobiology_for_the_Radiologist.html?id=6HhjwRyqBzgC
http://books.google.co.in/books/about/Radiobiology_for_the_Radiologist.html?id=6HhjwRyqBzgC


Central

Michelin et al. (2014)
Email: 

J Immunol Clin Res 2(2): 1023 (2014) 7/9

40.	Schreiber RD, Old LJ, Smyth MJ. Cancer immunoediting: integrating 
immunity’s roles in cancer suppression and promotion. Science. 2011; 
331: 1565-1570.

41.	Menier C, Saez B, Horejsi V, Martinozzi S, Krawice-Radanne I, Bruel S, 
et al. Characterization of monoclonal antibodies recognizing HLA-G or 
HLA-E: new tools to analyze the expression of nonclassical HLA class I 
molecules. Hum Immunol. 2003; 64: 315-326.

42.	Crisa L, McMaster MT, Ishii JK, Fisher SJ, Salomon DR. Identification of 
a thymic epithelial cell subset sharing expression of the class Ib HLA-G 
molecule with fetal trophoblasts. J Exp Med. 1997; 186: 289-298.

43.	Le Discorde M, Moreau P, Sabatier P, Legeais JM, Carosella ED. 
Expression of HLA-G in human cornea, an immune-privileged tissue. 
Hum Immunol. 2003; 64: 1039-1044.

44.	Cirulli V, Zalatan J, McMaster M, Prinsen R, Salomon DR, Ricordi C, 
et al. The class I HLA repertoire of pancreatic islets comprises the 
nonclassical class Ib antigen HLA-G. Diabetes. 2006; 55: 1214-1222.

45.	Menier C, Rabreau M, Challier JC, Le Discorde M, Carosella ED, Rouas-
Freiss N. Erythroblasts secrete the nonclassical HLA-G molecule from 
primitive to definitive hematopoiesis. Blood. 2004; 104: 3153-3160.

46.	Carosella ED, Favier B, Rouas-Freiss N, Moreau P, Lemaoult J. Beyond 
the increasing complexity of the immunomodulatory HLA-G molecule. 
Blood. 2008; 111: 4862-4870.

47.	Zidi I, Ben Amor N. HLA-G regulators in cancer medicine: an outline of 
key requirements. Tumour Biol. 2011; 32: 1071-1086.

48.	Lin A, Zhang X, Zhou WJ, Ruan YY, Xu DP, Wang Q, et al. Human 
leukocyte antigen-G expression is associated with a poor prognosis in 
patients with esophageal squamous cell carcinoma. Int J Cancer. 2011; 
129: 1382-1390.

49.	Silva TG, Crispim JC, Miranda FA, Hassumi MK, de Mello JM, Simões 
RT, et al. Expression of the nonclassical HLA-G and HLA-E molecules 
in laryngeal lesions as biomarkers of tumor invasiveness. Histol 
Histopathol. 2011; 26: 1487-1497.

50.	Yie SM, Hu Z. Human leukocyte antigen-G (HLA-G) as a marker 
for diagnosis, prognosis and tumor immune escape in human 
malignancies. Histol Histopathol. 2011; 26: 409-420.

51.	Rouas-Freiss N, Moreau P, Ferrone S, Carosella ED. HLA-G proteins 
in cancer: do they provide tumor cells with an escape mechanism? 
Cancer Res. 2005; 65: 10139-10144.

52.	Zilberman S, Schenowitz C, Agaugué S, Benoît F, Riteau B, Rouzier R, 
et al. HLA-G1 and HLA-G5 active dimers are present in malignant cells 
and effusions: the influence of the tumor microenvironment. Eur J 
Immunol. 2012; 42: 1599-1608.

53.	de Figueiredo Feitosa NL, Crispim JC, Zanetti BR, Magalhães PK, 
Soares CP, Soares EG, et al. HLA-G is differentially expressed in thyroid 
tissues. Thyroid. 2014; 24: 585-592.

54.	Pangault C, Le Friec G, Caulet-Maugendre S, Léna H, Amiot L, Guilloux V, 
et al. Lung macrophages and dendritic cells express HLA-G molecules 
in pulmonary diseases. Hum Immunol. 2002; 63: 83-90.

55.	Lefebvre S, Antoine M, Uzan S, McMaster M, Dausset J, Carosella ED, 
et al. Specific activation of the non-classical class I histocompatibility 
HLA-G antigen and expression of the ILT2 inhibitory receptor in 
human breast cancer. J Pathol. 2002; 196: 266-274.

56.	Ibrahim EC, Aractingi S, Allory Y, Borrini F, Dupuy A, Duvillard P, 
et al. Analysis of HLA antigen expression in benign and malignant 
melanocytic lesions reveals that upregulation of HLA-G expression 
correlates with malignant transformation, high inflammatory 
infiltration and HLA-A1 genotype, Int J Cancer. 2004; 108: 243-250.

57.	Morandi F, Levreri I, Bocca P, Galleni B, Raffaghello L, Ferrone S, 

Prigione I. Human neuroblastoma cells trigger an immunosuppressive 
program in monocytes by stimulating soluble HLA-G release. Cancer 
Res. 2007; 67: 6433-6441.

58.	Kren L, Muckova K, Lzicarova E, Sova M, Vybihal V, Svoboda T, et al. 
Production of immune-modulatory nonclassical molecules HLA-G 
and HLA-E by tumor infiltrating ameboid microglia/macrophages in 
glioblastomas: a role in innate immunity? J Neuroimmunol. 2010; 220: 
131-135.

59.	Caumartin J, Lemaoult J, Carosella ED. Intercellular exchanges of 
membrane patches (trogocytosis) highlight the next level of immune 
plasticity. Transpl Immunol. 2006; 17: 20-22.

60.	Caumartin J, Favier B, Daouya M, Guillard C, Moreau P, Carosella ED, 
et al. Trogocytosis-based generation of suppressive NK cells. EMBO J. 
2007; 26: 1423-1433.

61.	LeMaoult J, Caumartin J, Carosella ED. Exchanges of membrane patches 
(trogocytosis) split theoretical and actual functions of immune cells. 
Hum Immunol. 2007; 68: 240-243.

62.	Carosella ED, Moreau P, Le Maoult J, Le Discorde M, Dausset J, Rouas-
Freiss N. HLA-G molecules: from maternal-fetal tolerance to tissue 
acceptance, Adv Immunol. 2003; 81: 199-252. 

63.	Rouas-Freiss N, Moreau P, Menier C, LeMaoult J, Carosella ED. 
Expression of tolerogenic HLA-G molecules in cancer prevents 
antitumor responses, Semin Cancer Biol. 2007; 17: 413-421. 

64.	Kochan G, Escors D, Breckpot K, Guerrero-Setas D. Role of non-
classical MHC class I molecules in cancer immunosuppression, 
Oncoimmunology. 2013; 2: e26491.

65.	Marchesi M, Andersson E, Villabona L, Seliger B, Lundqvist A, Kiessling 
R, et al. HLA-dependent tumour development: a role for tumour 
associate macrophages? J Transl Med. 2013; 11: 247.

66.	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: 335-341.

67.	Hviid TV, Rizzo R, Melchiorri L, Stignani M, Baricordi OR. Polymorphism 
in the 5’ upstream regulatory and 3’ untranslated regions of the HLA-G 
gene in relation to soluble HLA-G and IL-10 expression, Hum Immunol. 
2006; 67: 53-62.

68.	Harrison GA, Humphrey KE, Jakobsen IB, Cooper DW. A 14 bp deletion 
polymorphism in the HLA-G gene. Hum Mol Genet. 1993; 2: 2200.

69.	Rousseau P, Le Discorde M, Mouillot G, Marcou C, Carosella ED, Moreau 
P. The 14 bp deletion-insertion polymorphism in the 3’ UT region of 
the HLA-G gene influences HLA-G mRNA stability. Hum Immunol. 
2003; 64: 1005-1010.

70.	Clements CS, Kjer-Nielsen L, McCluskey J, Rossjohn J. Structural 
studies on HLA-G: implications for ligand and receptor binding. Hum 
Immunol. 2007; 68: 220-226.

71.	Colonna M, Navarro F, Bellon T, Llano M, Garcia P, Samaridis J, et al. 
A common inhibitory receptor for major histocompatibility complex 
class I molecules on human lymphoid and myelomonocytic cells, J Exp 
Med. 1997; 186: 1809-1818.

72.	Colonna M, Samaridis J, Cella M, Angman L, Allen RL, O’Callaghan CA, 
et al. Human myelomonocytic cells express an inhibitory receptor for 
classical and nonclassical MHC class I molecules. J Immunol. 1998; 
160: 3096-3100.

73.	Rajagopalan S, Long EO. A human histocompatibility leukocyte 
antigen (HLA)-G-specific receptor expressed on all natural killer cells. 
J Exp Med. 1999; 189: 1093-1100.

74.	Le Gal FA, Riteau B, Sedlik C, Khalil-Daher I, Menier C, Dausset J, 

http://www.ncbi.nlm.nih.gov/pubmed/21436444
http://www.ncbi.nlm.nih.gov/pubmed/21436444
http://www.ncbi.nlm.nih.gov/pubmed/21436444
http://www.ncbi.nlm.nih.gov/pubmed/12590976
http://www.ncbi.nlm.nih.gov/pubmed/12590976
http://www.ncbi.nlm.nih.gov/pubmed/12590976
http://www.ncbi.nlm.nih.gov/pubmed/12590976
http://www.ncbi.nlm.nih.gov/pubmed/9221758
http://www.ncbi.nlm.nih.gov/pubmed/9221758
http://www.ncbi.nlm.nih.gov/pubmed/9221758
http://www.ncbi.nlm.nih.gov/pubmed/14602233
http://www.ncbi.nlm.nih.gov/pubmed/14602233
http://www.ncbi.nlm.nih.gov/pubmed/14602233
http://www.ncbi.nlm.nih.gov/pubmed/16644675
http://www.ncbi.nlm.nih.gov/pubmed/16644675
http://www.ncbi.nlm.nih.gov/pubmed/16644675
http://www.ncbi.nlm.nih.gov/pubmed/15284117
http://www.ncbi.nlm.nih.gov/pubmed/15284117
http://www.ncbi.nlm.nih.gov/pubmed/15284117
http://www.ncbi.nlm.nih.gov/pubmed/18334671
http://www.ncbi.nlm.nih.gov/pubmed/18334671
http://www.ncbi.nlm.nih.gov/pubmed/18334671
http://www.ncbi.nlm.nih.gov/pubmed/21792710
http://www.ncbi.nlm.nih.gov/pubmed/21792710
http://www.ncbi.nlm.nih.gov/pubmed/21128238
http://www.ncbi.nlm.nih.gov/pubmed/21128238
http://www.ncbi.nlm.nih.gov/pubmed/21128238
http://www.ncbi.nlm.nih.gov/pubmed/21128238
http://www.ncbi.nlm.nih.gov/pubmed/21972088
http://www.ncbi.nlm.nih.gov/pubmed/21972088
http://www.ncbi.nlm.nih.gov/pubmed/21972088
http://www.ncbi.nlm.nih.gov/pubmed/21972088
http://www.ncbi.nlm.nih.gov/pubmed/21210353
http://www.ncbi.nlm.nih.gov/pubmed/21210353
http://www.ncbi.nlm.nih.gov/pubmed/21210353
http://www.ncbi.nlm.nih.gov/pubmed/16287995
http://www.ncbi.nlm.nih.gov/pubmed/16287995
http://www.ncbi.nlm.nih.gov/pubmed/16287995
http://www.ncbi.nlm.nih.gov/pubmed/22678912
http://www.ncbi.nlm.nih.gov/pubmed/22678912
http://www.ncbi.nlm.nih.gov/pubmed/22678912
http://www.ncbi.nlm.nih.gov/pubmed/22678912
http://www.ncbi.nlm.nih.gov/pubmed/24089994
http://www.ncbi.nlm.nih.gov/pubmed/24089994
http://www.ncbi.nlm.nih.gov/pubmed/24089994
http://www.ncbi.nlm.nih.gov/pubmed/11821155
http://www.ncbi.nlm.nih.gov/pubmed/11821155
http://www.ncbi.nlm.nih.gov/pubmed/11821155
http://www.ncbi.nlm.nih.gov/pubmed/11857488
http://www.ncbi.nlm.nih.gov/pubmed/11857488
http://www.ncbi.nlm.nih.gov/pubmed/11857488
http://www.ncbi.nlm.nih.gov/pubmed/11857488
http://www.ncbi.nlm.nih.gov/pubmed/14639610
http://www.ncbi.nlm.nih.gov/pubmed/14639610
http://www.ncbi.nlm.nih.gov/pubmed/14639610
http://www.ncbi.nlm.nih.gov/pubmed/14639610
http://www.ncbi.nlm.nih.gov/pubmed/14639610
http://www.ncbi.nlm.nih.gov/pubmed/17616704
http://www.ncbi.nlm.nih.gov/pubmed/17616704
http://www.ncbi.nlm.nih.gov/pubmed/17616704
http://www.ncbi.nlm.nih.gov/pubmed/17616704
http://www.ncbi.nlm.nih.gov/pubmed/20167379
http://www.ncbi.nlm.nih.gov/pubmed/20167379
http://www.ncbi.nlm.nih.gov/pubmed/20167379
http://www.ncbi.nlm.nih.gov/pubmed/20167379
http://www.ncbi.nlm.nih.gov/pubmed/20167379
http://www.ncbi.nlm.nih.gov/pubmed/17157208
http://www.ncbi.nlm.nih.gov/pubmed/17157208
http://www.ncbi.nlm.nih.gov/pubmed/17157208
http://www.ncbi.nlm.nih.gov/pubmed/17318190
http://www.ncbi.nlm.nih.gov/pubmed/17318190
http://www.ncbi.nlm.nih.gov/pubmed/17318190
http://www.ncbi.nlm.nih.gov/pubmed/17400058
http://www.ncbi.nlm.nih.gov/pubmed/17400058
http://www.ncbi.nlm.nih.gov/pubmed/17400058
http://www.ncbi.nlm.nih.gov/pubmed/14711057
http://www.ncbi.nlm.nih.gov/pubmed/14711057
http://www.ncbi.nlm.nih.gov/pubmed/14711057
http://www.ncbi.nlm.nih.gov/pubmed/17881247
http://www.ncbi.nlm.nih.gov/pubmed/17881247
http://www.ncbi.nlm.nih.gov/pubmed/17881247
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3894240/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3894240/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3894240/
http://www.ncbi.nlm.nih.gov/pubmed/24093459
http://www.ncbi.nlm.nih.gov/pubmed/24093459
http://www.ncbi.nlm.nih.gov/pubmed/24093459
http://www.ncbi.nlm.nih.gov/pubmed/18700878
http://www.ncbi.nlm.nih.gov/pubmed/18700878
http://www.ncbi.nlm.nih.gov/pubmed/18700878
http://www.ncbi.nlm.nih.gov/pubmed/16698426
http://www.ncbi.nlm.nih.gov/pubmed/16698426
http://www.ncbi.nlm.nih.gov/pubmed/16698426
http://www.ncbi.nlm.nih.gov/pubmed/16698426
http://www.ncbi.nlm.nih.gov/pubmed/8111399
http://www.ncbi.nlm.nih.gov/pubmed/8111399
http://www.ncbi.nlm.nih.gov/pubmed/14602228
http://www.ncbi.nlm.nih.gov/pubmed/14602228
http://www.ncbi.nlm.nih.gov/pubmed/14602228
http://www.ncbi.nlm.nih.gov/pubmed/14602228
http://www.ncbi.nlm.nih.gov/pubmed/17400055
http://www.ncbi.nlm.nih.gov/pubmed/17400055
http://www.ncbi.nlm.nih.gov/pubmed/17400055
http://www.ncbi.nlm.nih.gov/pubmed/9382880
http://www.ncbi.nlm.nih.gov/pubmed/9382880
http://www.ncbi.nlm.nih.gov/pubmed/9382880
http://www.ncbi.nlm.nih.gov/pubmed/9382880
http://www.ncbi.nlm.nih.gov/pubmed/9531263
http://www.ncbi.nlm.nih.gov/pubmed/9531263
http://www.ncbi.nlm.nih.gov/pubmed/9531263
http://www.ncbi.nlm.nih.gov/pubmed/9531263
http://www.ncbi.nlm.nih.gov/pubmed/10190900
http://www.ncbi.nlm.nih.gov/pubmed/10190900
http://www.ncbi.nlm.nih.gov/pubmed/10190900
http://www.ncbi.nlm.nih.gov/pubmed/10421792


Central

Michelin et al. (2014)
Email: 

J Immunol Clin Res 2(2): 1023 (2014) 8/9

et al. HLA-G-mediated inhibition of antigen-specific cytotoxic T 
lymphocytes. Int Immunol. 1999; 11: 1351-1356.

75.	Kapasi K, Albert SE, Yie S, Zavazava N, Librach CL. HLA-G has a 
concentration-dependent effect on the generation of an allo-CTL 
response. Immunology. 2000; 101: 191-200.

76.	LeMaoult J, Krawice-Radanne I, Dausset J, Carosella ED. HLA-G1-
expressing antigen-presenting cells induce immunosuppressive CD4+ 
T cells. Proc Natl Acad Sci U S A. 2004; 101: 7064-7069.

77.	Chen LJ, Han ZQ, Zhou H, Zou L, Zou P. Inhibition of HLA-G expression 
via RNAi abolishes resistance of extravillous trophoblast cell line TEV-
1 to NK lysis. Placenta. 2010; 31: 519-527.

78.	Mitsdoerffer M, Schreiner B, Kieseier BC, Neuhaus O, Dichgans J, 
Hartung HP, et al. Monocyte-derived HLA-G acts as a strong inhibitor 
of autologous CD4 T cell activation and is upregulated by interferon-
beta in vitro and in vivo: rationale for the therapy of multiple sclerosis. 
J Neuroimmunol. 2005; 159: 155-164.

79.	Contini P, Ghio M, Poggi A, Filaci G, Indiveri F, Ferrone S, et al. Soluble 
HLA-A,-B,-C and -G molecules induce apoptosis in T and NK CD8+ 
cells and inhibit cytotoxic T cell activity through CD8 ligation. Eur J 
Immunol. 2003; 33: 125-134.

80.	Bukur J, Jasinski S, Seliger B. The role of classical and non-classical 
HLA class I antigens in human tumors. Semin Cancer Biol. 2012; 22: 
350-358.

81.	Rebmann V, Regel J, Stolke D, Grosse-Wilde H. Secretion of sHLA-G 
molecules in malignancies. Semin Cancer Biol. 2003; 13: 371-377.

82.	Mach P, Blecharz P, Basta P, Marianowski P, Skret-Magierlo J, Kojs Z, et 
al. Differences in the soluble HLA-G blood serum concentration levels 
in patients with ovarian cancer and ovarian and deep endometriosis. 
Am J Reprod Immunol. 2010; 63: 387-395.

83.	Cao M, Yie SM, Liu J, Ye SR, Xia D, Gao E. Plasma soluble HLA-G is a 
potential biomarker for diagnosis of colorectal, gastric, esophageal 
and lung cancer, Tissue Antigens. 2011; 78: 120-128. 

84.	Dardano A, Rizzo R, Polini A, Stignani M, Tognini S, Pasqualetti G, et 
al. Soluble human leukocyte antigen-g and its insertion/deletion 
polymorphism in papillary thyroid carcinoma: novel potential 
biomarkers of disease?, J Clin Endocrinol Metab. 2012; 97: 4080-4086.

85.	Paul P, Rouas-Freiss N, Khalil-Daher I, Moreau P, Riteau B, Le Gal FA, 
Avril MF. HLA-G expression in melanoma: a way for tumor cells to 
escape from immunosurveillance. Proc Natl Acad Sci U S A. 1998; 95: 
4510-4515.

86.	Yan WH. HLA-G expression in hematologic malignancies. Expert Rev 
Hematol. 2010; 3: 67-80.

87.	Michelin S, Gallegos CE, Dubner D, Favier B, Carosella ED. Ionizing 
radiation modulates the surface expression of human leukocyte 
antigen-G in a human melanoma cell line. Hum Immunol. 2009; 70: 
1010-1015.

88.	Urosevic M, Kempf W, Zagrodnik B, Panizzon R, Burg G, Dummer R. 
HLA-G expression in basal cell carcinomas of the skin recurring after 
radiotherapy, Clin Exp Dermatol. 2005; 30: 422-425. 

89.	Gallegos CE, Michelin S, Trasci SB, Lobos EA, Dubner D, Carosella ED. 
HLA-G1 increases the radiosensitivity of human tumoral cells, Cell 
Immunol. 2014; 287: 106-111.

90.	Coupel S, Moreau A, Hamidou M, Horejsi V, Soulillou JP, Charreau B. 
Expression and release of soluble HLA-E is an immunoregulatory 
feature of endothelial cell activation. Blood. 2007; 109: 2806-2814.

91.	Heinrichs H, Orr HT. HLA non-A,B,C class I genes: their structure and 
expression. Immunol Res. 1990; 9: 265-274.

92.	Marin R, Ruiz-Cabello F, Pedrinaci S, Mendez R, Jimenez P, 
Geraghty DE, et al. Analysis of HLA-E expression in human tumors, 
Immunogenetics.2003;54: 767-775.

93.	Wischhusen J, Friese MA, Mittelbronn M, Meyermann R, Weller M. 
HLA-E protects glioma cells from NKG2D-mediated immune responses 
in vitro: implications for immune escape in vivo, J Neuropathol Exp 
Neurol. 2005; 64: 523-528.

94.	Derré L, Corvaisier M, Charreau B, Moreau A, Godefroy E, Moreau-
Aubry A, Jotereau F. Expression and release of HLA-E by melanoma 
cells and melanocytes: potential impact on the response of cytotoxic 
effector cells. J Immunol. 2006; 177: 3100-3107.

95.	Levy EM, Bianchini M, Von Euw EM, Barrio MM, Bravo AI, Furman D, 
et al. Human leukocyte antigen-E protein is overexpressed in primary 
human colorectal cancer. Int J Oncol. 2008; 32: 633-641.

96.	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. J Immunol. 2010; 185: 7452-7459.

97.	Gooden M, Lampen M, Jordanova ES, Leffers N, Trimbos JB, van der 
Burg SH, et al. HLA-E expression by gynecological cancers restrains 
tumor-infiltrating CD8â�º T lymphocytes. Proc Natl Acad Sci U S A. 
2011; 108: 10656-10661.

98.	Allard M, Oger R, Vignard V, Percier JM, Fregni G, Périer A, et al. Serum 
soluble HLA-E in melanoma: a new potential immune-related marker 
in cancer. PLoS One. 2011; 6: e21118.

99.	Braud VM, Allan DS, O’Callaghan CA, Söderström K, D’Andrea A, Ogg 
GS, et al. HLA-E binds to natural killer cell receptors CD94/NKG2A, B 
and C. Nature. 1998; 391: 795-799.

100.	Arlettaz L, Villard J, de Rham C, Degermann S, Chapuis B, Huard B, 
et al. Activating CD94:NKG2C and inhibitory CD94:NKG2A receptors 
are expressed by distinct subsets of committed CD8+ TCR alphabeta 
lymphocytes. Eur J Immunol. 2004; 34: 3456-3464.

101.	Brostjan C, Bellón T, Sobanov Y, López-Botet M, Hofer E. Differential 
expression of inhibitory and activating CD94/NKG2 receptors on NK 
cell clones. J Immunol Methods. 2002; 264: 109-119.

102.	Pietra G, Romagnani C, Manzini C, Moretta L, Mingari MC. The 
emerging role of HLA-E-restricted CD8+ T lymphocytes in the 
adaptive immune response to pathogens and tumors. J Biomed 
Biotechnol. 2010; 2010: 907092.

103.	Gong F, Song S, Lv G, Pan Y, Zhang D, Jiang H. Human leukocyte 
antigen E in human cytomegalovirus infection: friend or foe?, Acta 
Biochim Biophys Sin (Shanghai). 2012; 44: 551-554. 

104.	Morandi F, Ferretti E, Castriconi R, Dondero A, Petretto A, Bottino 
C, et al. Soluble HLA-G dampens CD94/NKG2A expression and 
function and differentially modulates chemotaxis and cytokine and 
chemokine secretion in CD56bright and CD56dim NK cells, Blood. 
2011; 118: 5840-5850.

105.	Riederer I, Sievert W, Eissner G, Molls M, Multhoff G. Irradiation-
induced up-regulation of HLA-E on macrovascular endothelial cells 
confers protection against killing by activated natural killer cells. 
PLoS One. 2010; 5: e15339.

106.	Geraghty DE, Wei XH, Orr HT, Koller BH. Human leukocyte antigen 
F (HLA-F). An expressed HLA gene composed of a class I coding 
sequence linked to a novel transcribed repetitive element. J Exp 
Med. 1990; 171: 1-18.

107.	Lepin EJ, Bastin JM, Allan DS, Roncador G, Braud VM, Mason DY, 
et al. Functional characterization of HLA-F and binding of HLA-F 
tetramers to ILT2 and ILT4 receptors. Eur J Immunol. 2000; 30: 
3552-3561.

http://www.ncbi.nlm.nih.gov/pubmed/10421792
http://www.ncbi.nlm.nih.gov/pubmed/10421792
http://www.ncbi.nlm.nih.gov/pubmed/11012772
http://www.ncbi.nlm.nih.gov/pubmed/11012772
http://www.ncbi.nlm.nih.gov/pubmed/11012772
http://www.ncbi.nlm.nih.gov/pubmed/15103024
http://www.ncbi.nlm.nih.gov/pubmed/15103024
http://www.ncbi.nlm.nih.gov/pubmed/15103024
http://www.ncbi.nlm.nih.gov/pubmed/20430441
http://www.ncbi.nlm.nih.gov/pubmed/20430441
http://www.ncbi.nlm.nih.gov/pubmed/20430441
http://www.ncbi.nlm.nih.gov/pubmed/15652415
http://www.ncbi.nlm.nih.gov/pubmed/15652415
http://www.ncbi.nlm.nih.gov/pubmed/15652415
http://www.ncbi.nlm.nih.gov/pubmed/15652415
http://www.ncbi.nlm.nih.gov/pubmed/15652415
http://www.ncbi.nlm.nih.gov/pubmed/12594841
http://www.ncbi.nlm.nih.gov/pubmed/12594841
http://www.ncbi.nlm.nih.gov/pubmed/12594841
http://www.ncbi.nlm.nih.gov/pubmed/12594841
http://www.ncbi.nlm.nih.gov/pubmed/22465194
http://www.ncbi.nlm.nih.gov/pubmed/22465194
http://www.ncbi.nlm.nih.gov/pubmed/22465194
http://www.ncbi.nlm.nih.gov/pubmed/14708717
http://www.ncbi.nlm.nih.gov/pubmed/14708717
http://www.ncbi.nlm.nih.gov/pubmed/20146732
http://www.ncbi.nlm.nih.gov/pubmed/20146732
http://www.ncbi.nlm.nih.gov/pubmed/20146732
http://www.ncbi.nlm.nih.gov/pubmed/20146732
http://www.ncbi.nlm.nih.gov/pubmed/21726203
http://www.ncbi.nlm.nih.gov/pubmed/21726203
http://www.ncbi.nlm.nih.gov/pubmed/21726203
http://www.ncbi.nlm.nih.gov/pubmed/22930786
http://www.ncbi.nlm.nih.gov/pubmed/22930786
http://www.ncbi.nlm.nih.gov/pubmed/22930786
http://www.ncbi.nlm.nih.gov/pubmed/22930786
http://www.ncbi.nlm.nih.gov/pubmed/9539768
http://www.ncbi.nlm.nih.gov/pubmed/9539768
http://www.ncbi.nlm.nih.gov/pubmed/9539768
http://www.ncbi.nlm.nih.gov/pubmed/9539768
http://www.ncbi.nlm.nih.gov/pubmed/21082935
http://www.ncbi.nlm.nih.gov/pubmed/21082935
http://www.ncbi.nlm.nih.gov/pubmed/19665041
http://www.ncbi.nlm.nih.gov/pubmed/19665041
http://www.ncbi.nlm.nih.gov/pubmed/19665041
http://www.ncbi.nlm.nih.gov/pubmed/19665041
http://www.ncbi.nlm.nih.gov/pubmed/15953086
http://www.ncbi.nlm.nih.gov/pubmed/15953086
http://www.ncbi.nlm.nih.gov/pubmed/15953086
http://www.ncbi.nlm.nih.gov/pubmed/24487034
http://www.ncbi.nlm.nih.gov/pubmed/24487034
http://www.ncbi.nlm.nih.gov/pubmed/24487034
http://www.ncbi.nlm.nih.gov/pubmed/17179229
http://www.ncbi.nlm.nih.gov/pubmed/17179229
http://www.ncbi.nlm.nih.gov/pubmed/17179229
http://www.ncbi.nlm.nih.gov/pubmed/2089074
http://www.ncbi.nlm.nih.gov/pubmed/2089074
http://www.ncbi.nlm.nih.gov/pubmed/12618909
http://www.ncbi.nlm.nih.gov/pubmed/12618909
http://www.ncbi.nlm.nih.gov/pubmed/12618909
http://www.ncbi.nlm.nih.gov/pubmed/15977644
http://www.ncbi.nlm.nih.gov/pubmed/15977644
http://www.ncbi.nlm.nih.gov/pubmed/15977644
http://www.ncbi.nlm.nih.gov/pubmed/15977644
http://www.ncbi.nlm.nih.gov/pubmed/16920947
http://www.ncbi.nlm.nih.gov/pubmed/16920947
http://www.ncbi.nlm.nih.gov/pubmed/16920947
http://www.ncbi.nlm.nih.gov/pubmed/16920947
http://www.ncbi.nlm.nih.gov/pubmed/18292941
http://www.ncbi.nlm.nih.gov/pubmed/18292941
http://www.ncbi.nlm.nih.gov/pubmed/18292941
http://www.ncbi.nlm.nih.gov/pubmed/21057081
http://www.ncbi.nlm.nih.gov/pubmed/21057081
http://www.ncbi.nlm.nih.gov/pubmed/21057081
http://www.ncbi.nlm.nih.gov/pubmed/21057081
http://www.ncbi.nlm.nih.gov/pubmed/21670276
http://www.ncbi.nlm.nih.gov/pubmed/21670276
http://www.ncbi.nlm.nih.gov/pubmed/21670276
http://www.ncbi.nlm.nih.gov/pubmed/21670276
http://www.ncbi.nlm.nih.gov/pubmed/21712991
http://www.ncbi.nlm.nih.gov/pubmed/21712991
http://www.ncbi.nlm.nih.gov/pubmed/21712991
http://www.ncbi.nlm.nih.gov/pubmed/9486650
http://www.ncbi.nlm.nih.gov/pubmed/9486650
http://www.ncbi.nlm.nih.gov/pubmed/9486650
http://www.ncbi.nlm.nih.gov/pubmed/15517612
http://www.ncbi.nlm.nih.gov/pubmed/15517612
http://www.ncbi.nlm.nih.gov/pubmed/15517612
http://www.ncbi.nlm.nih.gov/pubmed/15517612
http://www.ncbi.nlm.nih.gov/pubmed/12191515
http://www.ncbi.nlm.nih.gov/pubmed/12191515
http://www.ncbi.nlm.nih.gov/pubmed/12191515
http://www.ncbi.nlm.nih.gov/pubmed/20634877
http://www.ncbi.nlm.nih.gov/pubmed/20634877
http://www.ncbi.nlm.nih.gov/pubmed/20634877
http://www.ncbi.nlm.nih.gov/pubmed/20634877
http://www.ncbi.nlm.nih.gov/pubmed/22576308
http://www.ncbi.nlm.nih.gov/pubmed/22576308
http://www.ncbi.nlm.nih.gov/pubmed/22576308
http://www.ncbi.nlm.nih.gov/pubmed/21989990
http://www.ncbi.nlm.nih.gov/pubmed/21989990
http://www.ncbi.nlm.nih.gov/pubmed/21989990
http://www.ncbi.nlm.nih.gov/pubmed/21989990
http://www.ncbi.nlm.nih.gov/pubmed/21989990
http://www.ncbi.nlm.nih.gov/pubmed/21179573
http://www.ncbi.nlm.nih.gov/pubmed/21179573
http://www.ncbi.nlm.nih.gov/pubmed/21179573
http://www.ncbi.nlm.nih.gov/pubmed/21179573
http://www.ncbi.nlm.nih.gov/pubmed/1688605
http://www.ncbi.nlm.nih.gov/pubmed/1688605
http://www.ncbi.nlm.nih.gov/pubmed/1688605
http://www.ncbi.nlm.nih.gov/pubmed/1688605
http://www.ncbi.nlm.nih.gov/pubmed/11169396
http://www.ncbi.nlm.nih.gov/pubmed/11169396
http://www.ncbi.nlm.nih.gov/pubmed/11169396
http://www.ncbi.nlm.nih.gov/pubmed/11169396


Central

Michelin et al. (2014)
Email: 

J Immunol Clin Res 2(2): 1023 (2014) 9/9

Gallegos C, Michelin S, Dubner D, Carosella ED (2014) Human Leukocyte Antigen (HLA) Molecules and Ionizing Radiation. J Immunol Clin Res 2(2): 1023.

Cite this article

108.	Ishitani A, Sageshima N, Hatake K. The involvement of HLA-E and -F 
in pregnancy. J Reprod Immunol. 2006; 69: 101-113.

109.	Lin A, Zhang X, Ruan YY, Wang Q, Zhou WJ, Yan WH. HLA-F expression 
is a prognostic factor in patients with non-small-cell lung cancer. 
Lung Cancer. 2011; 74: 504-509.

110.	Zhang X, Lin A, Zhang JG, Bao WG, Xu DP, Ruan YY, et al. Alteration of 

HLA-F and HLA I antigen expression in the tumor is associated with 
survival in patients with esophageal squamous cell carcinoma. Int J 
Cancer. 2013; 132: 82-89.

111.	Noguchi K, Isogai M, Kuwada E, Noguchi A, Goto S, Egawa K. Detection 
of anti-HLA-F antibodies in sera from cancer patients. Anticancer 
Res. 2004; 24: 3387-3392. 

http://www.ncbi.nlm.nih.gov/pubmed/16487601
http://www.ncbi.nlm.nih.gov/pubmed/16487601
http://www.ncbi.nlm.nih.gov/pubmed/21561677
http://www.ncbi.nlm.nih.gov/pubmed/21561677
http://www.ncbi.nlm.nih.gov/pubmed/21561677
http://www.ncbi.nlm.nih.gov/pubmed/22544725
http://www.ncbi.nlm.nih.gov/pubmed/22544725
http://www.ncbi.nlm.nih.gov/pubmed/22544725
http://www.ncbi.nlm.nih.gov/pubmed/22544725
http://www.ncbi.nlm.nih.gov/pubmed/15515436
http://www.ncbi.nlm.nih.gov/pubmed/15515436
http://www.ncbi.nlm.nih.gov/pubmed/15515436

	Human Leukocyte Antigen (HLA) Molecules and Ionizing Radiation
	Abstract
	Introduction
	Classical HLA Molecules and IR 
	Non-classical HLA class I molecules. Effects of IR on surface expression 
	HLA-G 
	HLA-E 
	HLA-F 

	Concluding Remarks 
	References
	Figure 1
	Table 1

