
Non-classical HLA-class I expression in serous
ovarian carcinoma: Correlation with the HLA-
genotype, tumor infiltrating immune cells and

prognosis
Emilia Andersson1, Isabel Poschke1,2, Lisa Villabona1, Joseph W Carlson1, Andreas Lundqvist1, Rolf Kiessling1,

Barbara Seliger3, and Giuseppe V Masucci1,*

1Department Oncology-Pathology; Karolinska Institutet; Karolinska University Hospital; Stockholm, Sweden; 2Division of Molecular Oncology of Gastrointestinal Tumors; German

Cancer Research Center; Heidelberg, Germany; 3Institute of Medical Immunology; Martin Luther University Halle-Wittenberg; Halle/Saale, Germany

Keywords:HLA-G, HLA-E, HLA-A*02, immunohistochemistry, ovarian cancer, prognosis, serous adenocarcinoma

Abbreviations: APC, Antigen presenting cells; BP, better prognosis; b2-m, b2-microglobulin; BSA, bovine serum albumin; CTL,
cytotoxic T lymphocyte; EOC, epithelial ovarian cancer; FFPE, formalin fixed paraffin-embedded; HLA genotype, (the constitutional
allele characteristics); HR, hazard ratio; HLA, human leukocyte antigen; IHC, immunohistochemistry; FIGO, International Federa-
tion of Gynecology and Obstetrics; MHC, major histocompatibility complex; HC, heavy chain; mAb, monoclonal antibody; NK,
natural killer cells; NKT, natural killer T cell; HLA-otherwise, non-HLA-A*02; PCR, polymerase chain reaction; TMA, Tissue

microarray; TBS, tris buffered saline; TA, tumor antigen; TIL, tumor infiltrating lymphocytes; WP, worst prognosis; Treg, regulatory
T-cell.

In our previous studies, we have shown that patients with serous ovarian carcinoma in advanced surgical stage
disease have a particularly poor prognosis if they carry the HLA-A*02 genotype. This represent a stronger prognostic
factor than loss or downregulation of the MHC class I heavy chain (HC) on tumor cells. In this study, we investigated the
expression of the non-classical, immune tolerogenic HLA -G and -E on the tumor cells along with the infiltration of
immune cells in the tumor microenvironment. FFPE primary tumors from 72 patients with advanced stages of serous
adenocarcinoma and metastatic cells present in ascites fluid from 8 additional patients were included in this study.
Both expression of HLA-G and aberrant expression of HLA-E were correlated to a significant worse prognosis in patients
with HLA-A*02, but not with different HLA genotypes. Focal cell expression of HLA-G correlated to a site-specific
downregulation of classical MHC class I HC products and aberrant HLA-E expression, showing a poor survival. HLA-G
was more frequently expressed in metastatic cells than in primary tumor lesions and the expression of HLA-G inversely
correlated with the frequency of tumor infiltrating immune cells. All these parameters can contribute together to
identify and discriminate subpopulations of patients with extremely poor prognosis and can give them the opportunity
to receive, and benefit of individually tailored treatments.

Introduction

Tumor cells and the host’s immune system are constantly
interacting in a battlefield that we are only beginning to under-
stand. The outcome of the battle is evident in patient’s survival
but can also partly explain the difference in response to treatment
and time to relapse and progression.1 The view is multifactorial,
taking the patients genetics, the properties of tumor cells and the
composition of the tumor microenvironment into account.

In short, there are three essential phases in host and tumor
cells interactions, elimination, equilibrium and escape.2 The
innate immune system, such as NK cells, can eliminate incipient

malignant cells, but are silenced when tumor cells expresses the
non-classical HLA class I antigens such as HLA-G and -E.3 Cyto-
toxic T lymphocytes (CTL) are dependent on classical MHC
class I presentation of tumor antigen (TA) for the induction of a
CTL based tumor specific adaptive immune response in the equi-
librium phase.4

Tumor infiltrating lymphocytes (TIL) also includes tolero-
genic cells such as helper T-lymphocytes (CD4C), and regulatory
T-lymphocytes (Tregs).5 Tumor cells that escape from immune
surveillance are evolved by immune selection and progress to
malignant clones.6 They may also gain other tumor-derived fac-
tors facilitating progression and metastasis.7,8
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Many groups have tried to initiate immune responses by
introducing TAs to specific CTLs as anti-tumor vaccines in
development of new therapeutic strategies.9 However, the results
of these clinical trials have not been as rewarding as expected.
This could be explained by the link between loss of classical HLA
class I and tumor progression that has been demonstrated in sev-
eral clinical studies.10-12

We have studied, previously, the relationship between classical
HLA class I expression, HLA genotype and prognosis in patients
with ovarian carcinoma.1,13-17 We found that the correlation was
only relevant in patients with advanced stage of serous carcinoma
and HLA-A*02 genotype.

Our findings are well corroborated by others in several malig-
nant diseases.14,18-20 In addition to the classical MHC class I,
there are three genes in close proximity within the class I region
on chromosome 6 encoding for the non-classical class I genes,
HLA-E, -F and -G. Each is hypothesized to have its unique func-
tion in cell-to-cell interaction and immune response.21

Upregulation of HLA-G is one of the more recently described
escape mechanisms a tumor can develop.22 HLA-G is a tolero-
genic molecule, which means that when expressed it protects the
cell from destruction by killers of the immune system.23 It is
characterized by a restricted expression in especially fetal cytotro-
phoblasts, giving the fetus immune privilege from the maternal
alloimmune response, but also some other exclusive immune
privileged sites such as thymus, cornea, pancreas, erythroid and
endothelial precursors.24-26

The expression of the HLA-G gene is regulated at the epige-
netic, transcriptional and post-transcriptional levels27 and HLA-
G can be expressed at the cell surface, secreted, or incorporated
into tumor-derived exosomes.28,29 Its presence has been demon-
strated in various solid tumors and haematological malignancies.
In most studies, the increased expression of HLA-G has been
linked to a worse clinical outcome30,31 with exception of
improved prognosis in hematological malignancies.22

HLA-G mediates inhibition of immune cell functions both
directly and indirectly. Directly by inhibiting the activity of
APC, NK and CTL through binding with inhibitory receptors
present on immune cells27 leading to T cell anergy but also by
inducing differentiation of CD4C andCD8C T cells into sup-
pressor T cells, altering the balance of the immune system from
cytotoxic to tolerogenic.

Indirectly, for example, inhibition can be mediated by trogo-
cytosis.32 This is a recently described mechanism where whole
fragments of cell membrane including associated molecules such
as HLA-G, are transferred from one cell and incorporated into
another cells membrane altering the function of the recipient
cell. If the recipient cell is an immune cell, it would give auto-sig-
nal to stop proliferation and cytotoxic effects. This is a very rapid
and effective tumor-driven immune evasion mechanism where
tumors dictate the conditions for the immune system in their
immediate surroundings.

Indeed, HLA-G expression in tumors is heterogeneous and
focal. It has been shown in vitro, that only 10% HLA-G-express-
ing tumor cells in a tumor are sufficient to protect also HLA-G
negative tumor cells from CTL mediated destruction.33

HLA-E interacts directly with receptors on NK cells and
inhibits NK cell-mediated lysis.34,35 The role of HLA-E is unique
since surface expression requires conserved nonamer peptides
from the signal sequences of other MHC class I molecules includ-
ing HLA-A, -B, -C and -G but not HLA-F. HLA-E is expressed
in most human healthy tissues,36 but show a weak surface expres-
sion. However, in human tumors it is often up-regulated, espe-
cially when classical MHC class I is down-regulated and free b2-
m is available, a common situation in malignancies.37

Since the HLA-E/b2-m association is weaker than classical
MHC class I/b2-m, HLA-E favors from the relative competition
when classical MHC class I is down regulated.37

The effect of HLA-E on NK cells seems to be dependent on
the origin of the peptide presented.38,39 Even very small changes
in the peptide conformation will affect the recognition by the
NK cell receptors and possibly change the effector cell function.40

Leader peptides derived from HLA-G but also HLA-A2 can sta-
bilize the surface expression of HLA-E and thus enhance the inhi-
bition of NK cytolysis.41

The purpose of this study is to determine whether changes in
the expression of the non-classical HLA class I HLA-G and -E on
tumor cells, and in the repertoire of tumor infiltrating immune
cells are associated with the negative prognostic relationship of
HLA-A*02 genotype of patients with serous adenocarcinoma of
the ovary in stage III–IV.

Results

Patient population
All patients in this study were diagnosed with high-grade

serous ovarian carcinoma in advanced surgical stages (Table 1).
Fifty-four patients were diagnosed in stage III and 18 in stage IV.
Forty-two patients carried the HLA-A*02 genotype and thus ful-
filled the criteria for worst prognosis grouping. In the HLA-A*02
genotype group 35% were diagnosed in stage IV compared to
only 10% in the HLA-otherwise group (p > 0.001). There was
also a difference in success ratio of radical surgery between the
groups with only seven percent radical surgery in HLA-A*02
patients compared to 20% (p > 0.001) in HLA-otherwise
patients. It is also noteworthy that only three patients (7%)
received radiotherapy and all of them were HLA-A*02 positive.

Non classical MHC class I expression in tumor tissue
Immunohistochemical expression of HLA-G HC was

detected in fourteen cases in the total cohort (Table 2). They
were equally distributed between worst and better prognosis
group with seven cases in each group. Thirty-one patients in the
worst prognosis group showed aberrant staining for HLA-E,
scored as 1 or 3, compared to only 19 in the other group.

Association of HLA-G expression with patients’ survival
HLA-G expression coincided with lower probability of sur-

vival (Fig. 1). Cumulative survival at 5 y was 14% compared to
22% for HLA-G negative cases.

However, when we correlated HLA-G positivity to the differ-
ent prognostic subgroups, the impact on survival could only be
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confirmed in HLA-A*02 genotype patients with zero cumulative
survival at 5 y (Fig. 1A–C).

Association of HLA-E expression with patients’ survival
The probability of survival was better when HLA-E staining

intensity was equal to normal tissue, score 2. All aberrant expres-
sions showed impaired survival and no difference could be seen
between score 0, 1 or 3.

Again, when we stratified for prognostic subgroups, the effect
on survival could only be seen in HLA-A*02 genotype patients
but not in the other genotypes (Fig. 1D–F)

Correlation of HLA-G and -E expression with that
of classical MHC class I in primary tumor lesions

HLA-G positivity was only found in small foci, staining a
fraction of the tumor cells. When scrutinizing these small areas
for HLA-E and classical MHC class I HC expression we noticed
that all but one case showed aberrant HLA-E expression, mainly

score 3 and concordant loss of classical MHC class I expression
in that specific area. (Fig. 2) However, prognosis was only deter-
mined by HLA-A*02 genotype. (Fig. 3)

Expression of HLA-G and -E in primary tumor lesions
and metastatic cells

We had access to ascites from eight patients with serous ade-
nocarcinoma in advanced stages and obtained solid tumor tissue
from ovarian site at initial debulking surgery. In most cases, we
also had solid tumor tissue from distant sites, like omentum, for
comparison. In seven out of the eight patients we could detect a
positive HLA-G staining pattern in metastatic cells, but not in
primary tumor lesions. All accessible metastatic lesions showed
aberrant HLA-E expression and all but one patient had aberrant
expression of HLA-E in tumor from the primary site. This same
patient did not have any detectable HLA-G positive cells in meta-
static cells. (Table 3)

Table 2. Cumulative survival according to patients’ HLA-A genotype and HLA-G and E tumor cells expresssion

Cohort HLA_A02 HLA_A otherwise

HLA-G and
E tumor expression N %

Cumulative
survival at 5 years N

% of the
cohort

Cumulative
survival (5 years) N

% of the
cohort

Cumulative
survival (5 years)

All 72 100 22 42 58 14 30 42 33
HLA-G Positive 14 20 4 7 50 0# 7 50 28

Negative 58 80 22 35 60 2 23 40 31
HLA-E Pathologic 50 70 14 31 62 3 19 38 32

Normal 22 30 40 11 50 36 11 50 36

#All patients are dead after 2 y.

Table 1. Patients’ characteristics

Cohort HLA-A2 HLA-otherwise

n % n % of the cohort % of the subgroup n % of the cohort % of the subgroup

Patients eligible for analysis 72 100 42 58 57 30 42 43
Age median 61 36–86** 61 35–84** 60 36–86**

Age less than 60 38 53 20 53 47 18 47 60
Surgical staging
III a, b, c 54 51 27 50 64 27 50 90
IV 18 15 15 83 35*** 3 17 10***

Differentiation grade
Low 2 3 1 50 2 1 50 3
2 17 24 10 59 23 7 41 24
3 52 73 31 60 72 22 42 72
High 69 97 41 59 95 29 42 96
Treatments
Primary surgery 56 78 33 59 78 23 41 76
Radical surgery 9 12 3 33 7*** 6 67 20
Secondary surgery 14 19 8 57 19 6 43 20
Platinum-based chemotherapy 69 96 41 59 97 28 41 93
Number of chemotherapy cycles
6 and less 27 37 13 48 31 14 52 46
More than 6 45 62 29 64 69 16 36 53
Radiotherapy 3 4 3 100 7*** 0 0 0

**Drange.
***p > 0.001.
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Tumor infiltrating immune cells
The whole cohort was analyzed for infiltrating CD8C and

FOXp3C immune cells and correlated to HLA-G and -E expres-
sion. The data was further divided for different HLA-A geno-
types. Fifty percent (36) of the total cohort had tumor
infiltrating CD8C T cells and 31% (22) had infiltrating FOXp3C

Tregs. Positive HLA-G expression correlated to absence of both
types of immune cells. Aberrant HLA-E expression correlated to
infiltrating FOXp3 Tregs but not to CD8C T lymphocytes.

HLA-A02* genotype solidified the
correlation for HLA-G and lack of
immune cells but did not have any
significant influence on HLA-E
and immune cell correlation.
(Table 4)

Association of tumor
infiltrating immune cells and
HLA-G expression with patients’
survival

The influence of tumor infil-
trating immune cells on survival
was entirely dependent on the
patients HLA-A*02 status (Fig. 4).

Patients with HLA-A*02 geno-
type, positiveHLA-G immunohisto-
chemical expression and no detected
immunecellshadtheworstoutcome.

Patients with other HLA-genotype, negative for HLA-G and
presence of immune cells, especially CD8C, had the best outcome.

Discussion

HLA-G and E are the key modulators of immune responses.
They interfere with the actions of CD8C T cells as well as natural
killer (NK) cell cytotoxicity promoting successful tumor

escape.22,42

Our previous studies have
established that HLA-A*02 geno-
type is a strong poor prognostic
factor in both high grade, serous
adenocarcinoma of the ovary and
malignant melanoma, however
only in advanced stage dis-
ease.13,43,44 We have also
observed that the presence or
absence of HLA-A*02 genotype
is the defining factor of the poor
prognostic impact of classical
MHC class I downregulation.
Our conclusion was that HLA-
A*02 may orchestrate important
aspects of immune escape and
immune selection. Our aim in
this study was to investigate the
correlation between HLA-A*02
and other relevant prognostic fea-
tures involved in immune recog-
nition and immune tolerance,
namely the role played by HLA-
G and -E. Our results have defin-
itively shown that the HLA-A*02
genotype dictates the worse prog-
nosis correlated to HLA-G and

Figure 1. (A–F) Probability of survival correlated to expression of HLA-G and HLA-E, presented by Kaplan–
Meier. Pathologic (X) or normal expression (�) in serous adenocarcinoma tumor cells. (A) HLA-G in the total
cohort N.S. (B) HLA-G in worst prognosis group (HLA-A*02) p = 0.0003. (C) HLA-G in otherwise group (HLA-
OW) N.S. (D) HLA-E in the total cohort p = 0.003. (E) HLA-E in worst prognosis group (HLA-A*02) p = 0.0003.
(F) HLA-E in better prognosis group (HLA-OW) N.S.

Figure 2. Tumor cells expressing HLA-G shows aberrant HLA-E expression and loss of classical MHC expression
(A) HLA-G. (B) HLA-E, score 3. (C) Classical MHC class I HC.
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-E expression. Conflicting findings
on the correlation between non-
classical MHC class I expression
and prognosis in other studies
might have several explanations,
the most important factor being
that the genotype hasn’t been
tested. However, there are also
other mechanisms to take into
consideration, such as posttransla-
tional modifications of HLA-G.
This might increase HLA-G cell-
surface expressions through affin-
ity regulations of peptide loading
in the antigen presenting machin-
ery45 giving an effect that is unex-
pected or not measurable.
Function of HLA-G is affected
also by the microenvironment in
which it is expressed and results
between different tumor types
and/or studies, should be evalu-
ated in its context.22,28,31

Different results could be
related also to the methods used to
examine the tumor material.

Different research groups
have performed analysis applying
diverse antibodies, some of these
known to cross-react with classi-
cal MHC class I molecules46 47,48 or not recognizing all
seven different isotypes of HLA-G receptors, the four mem-
brane-bound and three soluble that have different biological
functions.49 In our study we intentionally used the MEM-G/
1 which is a well studied monoclonal antibody that reacts
with all isoforms of the HC of the HLA-G molecule.
Another possible methodological reason could be related to
the use of TMA (tissue micro array)-material. Indeed, in
serous adenocarcinoma of the ovary and in other tumor tis-
sues, Often, HLA-G is expressed only focally and conse-
quently important information might therefore be lost in
TMA-based cohorts.

We investigated the expression of HLA-G in both solid
tumors and ascites from patients in stage III/IV. The intensity of
HLA-G staining, distributed in all positive tumors, was focal and
relatively weak.

Of great interest is the finding that tumor cells in ascites (con-
sidered as metastatic tissue) and/or solid metastatic tumor tissue
the number of cases with positive HLA-G staining expression
was considerably higher than in solid tumor from the primary
site. The presence of HLA-G in the primary tumor tissue studied
in our relatively limited cohort indicates that HLA-G is more fre-
quently upregulated in late stage disease. This is in concordance
with findings by other groups.50 The positive cells, found in

Figure 3. Cumulative survival by Kaplan–Meier analysis. All cases are HLA-G positive tumors with concordant
loss of classical MHC. The worst prognosis was only significantly determined by HLA-A*02 genotype. HLA-
A*02 (X), HLA-A otherwise (�). p D 0.003.

Table 3. Characteristic of malignant cells obtained from ascites

Histology HLA-A*02 HLA-G HLA-E

Patients Kolumn1 Genotype Primary tumor Metastatic tissue Primary tumor Metastatic tissue

1–68 Serous adenocarcinoma yes neg pos pathologic pathologic
2–71 Serous adenocarcinoma yes neg pos pathologic pathologic
4–76 Serous adenocarcinoma no neg pos pathologic pathologic
5–79 Serous adenocarcinoma no neg pos pathologic pathologic
7–82 Serous adenocarcinoma no neg pos pathologic pathologic
6–80 Serous adenocarcinoma no NA pos NA pathologic
9–84 Serous adenocarcinoma no NA pos NA pathologic
10–86 Serous adenocarcinoma no neg neg normal normal
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primary tumors, could represent a clone with relatively greater
metastatic potential than the surrounding neighbors could. It is
reasonable to believe that the HLA-G positive cells modify the
microenvironment in favor of progression and metastasis.

This is further supported by reports of HLA-G molecules
being transferred to neighbor tumor cells or infiltrating immune
cells through “trogocytosis” and the following transformation of
immune surveillance to immune tolerance.22

HLA-G has a dual role in the
tumor cells due to multiple active
structures of HLA-G that adhere to
different receptors. There are also
reports on HLA-G regulation on
vascular remodeling. This might in
theory indicate additional effects
on tumor growth and metastatic
potential.51

HLA-E is, in contrast to HLA-
G, expressed in normal tissue and
upregulation in tumors is fre-
quently described. However, we
also noticed that many samples
showed decreased staining. We
made use of an evaluation method
where the staining intensity of
HLA-E in tumor cells was com-
pared to staining intensity of nor-
mal cells. We found a correlation
to impaired survival for all aberrant
staining, both decreased and
increased. This confirms results
from other studies.30,31. That
increased staining implicates an
upregulation of HLA-E and thus
enhanced inhibition of NK cytoly-
sis is well described.49 However,
loss of HLA-E expression also
seems to inflict a worse OS. Some
authors speculate that a HLA-E as
well as HLA-G can play dual roles
in cancer, but these still needs to be
elucidated.52

We also found correlation
between expression of HLA-G,
increased staining intensity of
HLA-E and loss of classical MHC

Table 4. Immunocomptentent infiltrating cells

Tumor infiltrating CD8C # Tumor infiltrating Fox3pC#

Tumor phenotype Cohort Worst ND42 Otherwise ND30 Cohort Worst Otherwise

N % N % of the
all cohort

N % of the
all cohort

N % of the
all cohort

N % of the
all cohort

N % of the
all cohort

N % of the
all cohort

cohort 72 100 36 50 19 26 17 24 22 31 11 15 11 15
HLA-G Positive 14 20 5 36 1 7 4 29 4 29 0 0 4 29

Pegative 58 80 36 62 18 31 13 22 18 31 11 19 7 12
HLA-E Pathologic 50 70 25 50 14 28 11 22 17 34 9 18 8 16

Normal 22 30 11 50 5 23 6 27 5 23 2 9 3 14

#presence of more than score 1 is considered positive.

Figure 4. Cumulative survival by Kaplan–Meier analysis. HLA-A*02 patients with HLA-G positive tumor cells
and lack of CD8C lymphocytes (X), compared to HLA-A otherwise, HLA-G negative tumor cells and presence
of CD8C lymphocytes (�);. p D 006.
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class I expression in the HLA-A*02 population. This subgroup
had a very poor prognosis of approximately 18 months. Our
results support the finding that HLA-E benefits from classical
MHC class I downregulation in the competition for b2-m (38).
It also countenances the notion that the surface expression of
HLA-E is stabilized by HLA-G derived peptides. (42–43)53

The most important finding in our study is that the impaired
effect on survival for both HLA-G and –E expression was depen-
dent on HLA-A*02 genotype. The importance of the HLA-A*02
genotype was also supported by the influence of tumor infiltrat-
ing immune cells.

In conclusion, serous ovarian cancer is a deadly disease with
poor outcome in general. Most patients receive indiscriminate
treatment. In this study, we introduce the analysis of HLA-G
and –E, in relation to the classical MHC class I expression, T-cell
infiltration and HLA genotype as determinant prognostic varia-
bles. Consequently, we emphasize the need of a multifactorial
approach in the care of these patients. When genetics, histology,
surgical stage, tumor microenvironment and molecular altera-
tions are put together, it is possible to discriminate subpopula-
tions and identify patients with particular poor prognosis. This
gives the opportunity to adjust, actually, the treatment individu-
ally. Further studies with focus on the genetics and epigenetics
are necessary to understand the mechanisms and find leads
toward new therapeutic strategies.

Material and Methods

Patients
Out from our previous study of 162 patients admitted to

the Gynecological Oncology Unit at the Karolinska University
Hospital Department of Oncology between 1995 and 2004,
we extracted a specific subgroup of 72 patients with serous
adenocarcinoma and advanced surgical stage. Patient informa-
tion and histopathology samples were accessed with approval
of the Regional Ethic Committee in Stockholm #2007/1:5#
and #2003-507#. The diagnosis of epithelial ovarian cancer
(EOC) of serous type was confirmed by histopathology of for-
malin fixed paraffin-embedded (FFPE) tumor specimens.
Grade (high or low), date of diagnosis and International Fed-
eration of Gynecology and Obstetrics (FIGO) stage (I–IV)
were recorded and re-evaluated. HLA genotype and analysis of
classical HLA class I HC were already performed in the previ-
ous study.13

Patients groups
In previous findings we identified a subgroup of patients with

particularly poor prognosis, namely, serous adenocarcinoma, sur-
gical stage III–IV and HLA-A*02 genotype. We called this the
worst prognosis group. In this study, we extracted all patients
with EOC of serous histology in advanced surgical stage and
then grouped them by HLA-A genotype into HLA-A*02 geno-
type (worst prognosis) or HLA-A of other genotypes (better
prognosis).

DNA extraction and HLA genotyping
DNA analysis was used for HLA genotyping. The DNA was

extracted from peripheral blood mononuclear cells from blood
samples from consented patients or from FFPE material from
deceased patients. The methods were described previously.17

Collection of ascitic fluid for metastatic cells
To investigate a possible correlation between HLA-G and -E

expression and metastatic potential we analyzed ascitic fluid from
eight patients with advanced cancer disease. The ascites was col-
lected during initial debulking surgery. All patients were diag-
nosed with EOC of serous histology. Only two of the patients
carried the HLA-A*02 genotype. From the liquid, cells were har-
vested by centrifugation (800 g, 10 min, followed by two wash-
ing steps at 450 g for 8 min) and cryopreserved until further
analysis.

Immunophenotyping of thawed tumor cells was performed by
flow cytometry and confirmed by IHC on formalin fixed paraffin
embedded (FFPE) cell pellets of the same sample. We also col-
lected corresponding FFPE solid tumors for immunohistochemi-
cal comparison. In available cases, we collected tumor tissue from
both primary sites, defined as the site with the greatest tumor
mass and from distant lesions fulfilling the criteria of at least stage
III disease.

Monoclonal antibodies for immunohistochemistry and flow
cytometry

The monoclonal antibodies MEM-E/02 and MEM-G/1 are
specific and recognize the HC of HLA-E and HLA-G of human
origin.27,54 HC10 and HCA have been described in detail previ-
ously.55 43

The mAb anti-CD8C (Clone C8/144B (Dako) reacts with the
cytoplasmic domain of the CD8C domain of a-chain of the
CD8C molecule expressed by cytotoxic T cells as well as thymo-
cytes and NK-cells. Anti-FOX3P is a specific marker of natural T
regulatory cells (nTregs).

The following antibodies were used for flow cytometry: HLA-
A2 (BB7.2, Fitc, BD), EpCAM (EBA-1, PerCP-Cy5.5, BD),
HLA-E (3D12HLA-E, PE, eBioscience), HLA-G (87G, PerCP-
eFluor710, ebioscience), Her2 (Neu 24.7 PE, BD), MHCI (W6/
32, Fitc, BD), MHCII (G46–6, Fitc, BD).

Immunohistochemical staining and analysis
Tissue sections were stained according to protocol previously

described43

Human placenta was used as positive control. The stained
slides were evaluated for the presence or absence of HLA-G
expression scored as positive or negative. All of the positive cases
were only weakly positive and stained only a small fraction of
tumor cells (Fig. S1).

HLA-E was evaluated as absent, less intense than, equal to or
more intense than normal tissue using score 0-3. Score 2 was
regarded as normal expression whereas 0.1 and 3 were regarded
as aberrant. Since all lesions showed a very heterogeneously stain-
ing pattern each slide was given two scores, the first for the domi-
nating cell population and the second for the subordinate cell
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population (Fig. S2). The quantification of intratumoural CD8C

T cells were counted in high power fields56 and divided into four
scoring groups; 0 D 0 T cells, 1 D �5 T cells, 2 D 6–19 T cells
and 3 D �20 T cells. T regs were recorded as present or absent.

Flow cytometry
Extracellular staining was performed in 96-well v-bottom

plate for 20 min at 4 degrees. Washing and antibody dilution
was carried out using PBS C 1% human serum albumin (HSA,
Octopharma, Stockholm, Sweden). Cells were acquired using an
LSRII flow cytometer (BD Biosciences, San Jose, USA) and ana-
lyzed using FlowJo analysis software (Treestar, Ashland, USA).

Statistics
The x2 test was used to examine patient characteristics for dis-

crete categorical variables or factors. Time to death from any
cause was defined as the primary end point in the study. Survival
time for deceased patients was calculated using the date of first
diagnosis to the date of death. For surviving patients, the survival
time was calculated from the date of first diagnosis to the date of
the last clinical follow-up. HLA-A*02 genotype was scored as 1
and HLA-otherwise as 0. Cumulative survival plots and time-to-
event Kaplan-Meier curves were constructed with the log-rank
test applied to detect univariate differences between groups.
Diagnostic data were collected during the year 1995–2004 and
were censored at 2013. All analyses were performed with pro-
gram StatView for Windows, SAS Institute Inc.. Version 5.0.1.
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