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Abstract

Background—In recent years, evidence is accumulating that cancer cells develop strategies to
escape immune recognition. HLA class | HC down-regulation is one of the most investigated. In
addition, different HLA haplotypes are known to correlate to both risk of acquiring diseases and
also prognosis in survival of disease or cancer. We have previously shown that patients with serous
adenocarcinoma of the ovary in advanced surgical stage disease have a particularly poor prognosis
if they carry the HLA-AQ02* genotype. We aimed to study the relationship between HLA-A02*
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genotype in these patients and the subsequent HLA class | HC protein product defects in the
tumour tissue.

Materials and methods—One hundred and sixty-two paraffin-embedded tumour lesions
obtained from Swedish women with epithelial ovarian cancer were stained with HLA class | heavy
chain (HC) and B»,-microglobulin (5,-m)-specific monoclonal antibodies (mAb). Healthy ovary
and tonsil tissue served as a control. The HLA genotype of these patients was determined by PCR/
sequence-specific primer method. The probability of survival was calculated using the Kaplan—
Meier method, and the hazard ratio (HR) was estimated using proportional hazard regression.

Results—Immunohistochemical staining of ovarian cancer lesions with mAb showed a
significantly higher frequency of HLA class I HC and B,-m down-regulation in patients with
worse prognosis (WP) than in those with better prognosis. In univariate analysis, both HLA class
I HC down-regulation in ovarian cancer lesions and WP were associated with poor survival. In
multivariate Cox-analysis, the WP group (all with an HLA-A02* genotype) had a significant
higher HR to HLA class | HC down-regulation.

Conclusions—HLA-A02* is a valuable prognostic bio-marker in epithelial ovarian cancer. HLA
class I HC loss and/or down-regulation was significantly more frequent in tumour tissues from
HLA-AQ02* positive patients with serous adenocarcinoma surgical stage I11-1V. In multivariate
analysis, we show that the prognostic impact is reasonably correlated to the HLA genetic rather
than to the expression of its protein products.
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Introduction

EOC consists of different histological tumour entities where the most important are
serous, endometrioid, mucinous and clear cell carcinoma [1]. Serous histology accounts
for approximately 45-55% of EOC cases and is the most frequent type in Sweden. More
than 75% of the cases are detected at late disease stage (stages I11-1V) when they are

inoperable. Despite excellent initial responses, most patients [2] relapse early after treatment

[3, 4]. After the development of chemotherapy-resistant disease, the majority of patients

with serous EOC will succumb to their disease [5, 6]. The development of new therapies for

serous EOC is central to improving the prognosis of this cancer. Immune-based therapies
have shown promise in the treatment of EOC, but more work is needed to understand the
role of immune surveillance in ovarian cancer progression [7].

Recently, HLA-A02* genotype has been described as an independent poor prognostic
factor in Swedish women with advanced EOC of serous histology [8-11]. Different HLA
haplotypes have been linked to patient prognosis in several types of cancers such as lung

carcinoma [12, 13], malignant melanoma [14] and head and neck squamous carcinoma [15].

In addition, the HLA phenotype has been correlated with different outcomes in immune-
based therapies in melanoma [16-20], renal cell carcinoma (RCC) [21-23], cervical
carcinoma [24, 25] and chronic myeloid leukaemia (CML) [26].
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The prognostic relationship between high malignancy and HLA-AQ02* challenges us to
analyse underlying mechanisms. In this respect, we focused on that loss or down-regulation
of HLA class | HC has been reported in tumour lesions of distinct histology [27, 28],
including EOC [29]. Defects in HLA class | expression may play a role of tumour
progression through avoidance of detection and elimination by cytotoxic T-lymphocytes
(CTL) [30] resulting in a worse clinical outcome.

The purpose of this study is to determine whether the negative prognostic relationship of
HLA-AQ02* genotype of patients with serous adenocarcinoma of the ovary in stage I11-1V is
associated with a higher frequency of HLA class | and B,-m defects in the tumour.

Materials and methods

Patients

Patient information and histopathology samples were accessed with approval of the local
ethics committee. One hundred and eighty-two patients admitted to the gynaecological
Oncology unit at the Karolinska University Hospital Department of Oncology between 1995
and 2004 were initially considered for inclusion in this study. Twenty of these patients have
been previously described [8]. The diagnosis of EOC as well as tumour stage and grade
were confirmed by histopathology of formalin-fixed paraffin-embedded (FFPE) tumour
specimens. The HLA genotype of the patients was the primary inclusion criteria. After
inclusion, pertinent clinical information was entered into a database. For 162 patients, FFPE
tumour tissues were available for immunohistochemical analysis. The date of diagnosis,
FIGO stage (I-1V), histological type of the patient’s epithelial ovarian carcinoma (serous,
mucinous, endometrioid, clear cell, undifferentiated, mixed epithelial, unclassified) and
grade of differentiation (well, G1; moderately, G2; poorly, G3 differentiated) were recorded.
Non-epithelial ovarian cancers, borderline ovarian tumours, cancers of genital tract (except
ovaries) and of extra genital localization were excluded from the analysis [31, 32]. FFPE
healthy tissue from ovary (two cases) and tonsil (two cases) were used as controls. One
block of FFPE tissue from each case and control was serially cut into 4-um-thick slices and
mounted onto super frost slides.

Patients groups

Patients have been grouped by surgical stage, histopathology and HLA-A genotype
according to our previous findings [8, 10]. Worst prognosis (WP) is defined by stage I11-
IV, serous adenocarcinoma HLA-AQ2*. Better prognosis (BP) includes stage I-I1, all the
histological type and all HLA-A genotypes including HLA-A02*.

Sample preparation for DNA extraction

Peripheral blood mononuclear cells were obtained by separating blood samples on
lymphoprep according to the manufacturer’s instructions (Axis-Shield PoC AS, Oslo,
Norway). Genomic DNA was extracted from isolated lymphocytes using “Roche High-Pure
DNA extraction kit procedures 030625 (Roche, Molecular Biochemicals, and Manheim,
Germany) according to the manufacturer’s protocol. Two hundred microlitres/sample was
treated with 1 ml extraction buffer, mixed, incubated for 30 min at 80°C and then
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centrifuged for 10 min at 12,000xg. Supernatant was collected into a new reaction tube

with 400 ul binding buffer and 80 pl proteinase K. This mixture was further incubated for

10 min at 72°C adding 200 pl isopropanol and then loaded onto a filter tube placed on a
collection tube and centrifuged for 1 min at 5,000xg. These samples were washed twice with
450 pl wash buffer at 5,000x g centrifugation for 2 min. After the final wash step, samples
were dried by a 10-min centrifugation at max speed. DNA in the filter was then eluted with
50 pl elution buffer into a new reaction tube by a 1-min centrifugation at 5,000xg. Finally,
the DNA amount and purity were determined by NanoDrop technology (GE lifesciences,
Uppsala, Sweden).

HLA genotyping
DNA analysis was used for HLA genotyping of both FFPE material from deceased patients
and of peripheral blood samples from consented patients, and HLA genotyping in FFPE
extracted DNA was performed using primers only for HLA-A02* (provided by Olle Olerup,
SSP AB, Saltsjobaden, Sweden) as previously described [8]. For the DNA extracted from
peripheral blood, complete allele HLA genotype was performed using the Olerup SSP HLA
Typing Kit (Olerup SSP AB, Stockholm, Sweden) [10]. PCR products were separated by
electrophoresis at 150 V for 30 min on a 3% agarose gel, stained with ethidium bromide and
visualized under UV light. An additional PCR was performed with primers for the control
housekeeping gene S14.

Monoclonal antibodies for immunohistochemistry

The mAb HCA-2 (HCA), which recognizes bom-free HLA-A (excluding -A24), -B7301 and
-G heavy chains (1, 2), the mAb HC-10, which recognizes bom-free HLA-A3, -A10, -A28,
-A29, -A30, -A31, -A32, -A33 and-B (excluding -B5702, -B5804 and -B73) heavy chains
(1-3) and the bom-specific mAb L368 (4) were developed and characterized as described
[33-36].

Immunohistochemical staining and analysis

Tissue sections were de-paraffined, re-hydrated and rinsed with water. The samples were
heated in a microwave for 20 min for antigen retrieval. The slides were left for 30 min

in 0.5% H,0, in water, finally rinsed in water and twice for 5 min in tris-buffered saline
(TBS). Blocking was performed with 1% bovine serum albumin (BSA) in TBS in a moist
chamber for 30 min before the sections were stained with the primary antibody at +8°C
over night. Avidin-biotin—peroxidase complex (ABC) kit (Vectastain, Vector Laboratories)
was used for antigen detection. The sections were rinsed three times for 10 min each in
TBS followed by incubation with the secondary antibody for 40 min. After three washing
steps for three min in TBS, an ABC reagent was added for 40 min before the slides were
again rinsed three times for 10 min in TBS. The immunolabelling was developed with the
chromogen 3’-diaminobenzydine (15 mg/50 ml TBS for 6 min), and haematoxylin was
applied as a counter stain. Staining of tissue sections with isotypes IgG1, 1gG2a mouse
mADb or secondary antibody, respectively, served as negative controls. FFPE healthy ovarian
tissues, obtained from two oophorhysterectomies due to uterine myomas as well as tonsillar
tissues, were used as positive controls (Table 1). When present, healthy epithelium adjacent
to tumour tissue and/or infiltrating lymphocytes in the stroma were used as internal control.
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The percentage of stained malignant cells in each lesion was evaluated twice by two
investigators (EA and GM). In case of discordant results (more than two score levels), a
third evaluator (AH) was consulted and consensus was made. Scoring to ensure detection

of any significant differences was performed as follows: 0 (0%), 1 (1-25%), 2 (26-50%),

3 (51-75%) or 4 (76-100%) [37, 38]. This extended evaluation system gave the possibility
to merge the results in fewer, but relevant, groups for statistical analysis. In parallel, the
staining intensity was also evaluated and separately scored as weak, moderate or intense, but
statistical analysis revealed no patterns or significant differences (data not shown).

Statistics

The ;(2 test was used to examine patient characteristics for discrete 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-AQ02* 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 1 June 2010. Univariate Cox regression analyses were performed for
each prognostic factor we studied. These factors were clinical stage, histological type and
HLA-AQ02* genotype grouped in WP and BP. Results from the Cox regression models are
presented as Hazard Ratios (HR) together with 95% confidence intervals (CI). P values
from the regression model refer to the Wald test. Multivariate Cox regression analyses
were performed including binary coding of all factors (WP vs. BP, HC-10, HCA, L368,
low vs. high staining percentages). P values <0.05 were considered statistically significant.
Interactions were evaluated by including product terms in the model. All analyses were
performed with program StatView for Windows, SAS Institute Inc. Version 5.0.1.

Results

Patient population

The patients’ characteristics and the HLA genotype are summarized in Table 2. Age, stage,
grade of differentiation and histology distribution of the population did not differ from

the figures released by the FIGO annual report for European countries [39]. There is no
significant difference in the distribution of patients younger than 60 in the two prognostic
groups (Pvalue 0.12). Forty-seven serous adenocarcinoma patients surgical stages (111-1V)
HLA-A02* genotype were grouped for statistical analysis as worse prognosis (WP). The
remaining 115 patients were categorized as BP group. Only four (9%) of the WP patients
received radical surgery compared to 51 (44%) of the BP. The majority of the patients
received platinum-based chemotherapy (97% vs. 92%) but 67% of the patients with WP
required more than six therapy cycles compared to only 29% of the BP group.

HLA class | HC and B,-m expression in healthy ovaries

The staining of the tissues from two healthy ovaries and two healthy tonsils with HLA
class I HC and 2-m mADb served as positive controls. Immunoreactive expression was
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detected in all cells of the parenchyma (follicle and tuba epithelium), endothelium and in the
inflammatory cells of the stroma. In contrast, the staining of stromal fibroblasts was negative
for the mAb HC10 and was only weakly positive for HCA mAb (Fig. 1).

HLA class | HC and B m expression in tumour tissue

Association

Forty-seven lesions from the WP group and 115 lesions from the BP group were stained
with the HC-10, HCA and L368 mAbs (Table 3) and evaluated by five grade scoring system.
Most lesions in the BP group were score 3 or 4. On the contrary, most lesions in the WP
group were grade 0, 1 or 2.

Scores were summarized in =250% (high) and <50% (low) (Table 4). In the WP group,

the numbers of lesions exhibiting a low staining by mAb HC10, HCA and L368 were
significantly higher than in the BP group (HC10: 48% vs. 19%; HCA: 53% vs. 36%; L368:
81% vs. 57.5%). Interestingly, 40 tumours did not stain for mAb L368, but scored high for
HC10 and HCA.. They were equally distributed between the BP and WP groups. In the BP
group, 45 patients were HLA-A02*. Forty-three of them were distinguished by a greater
percentage of high staining compared to BP with other HLA genotypes.

of HLA class | heavy chain expression with patients’ survival

The overall survival was estimated by Kaplan—Meir analysis of the cohort studied (Fig. 2a).
Patients with tumours with high staining scores for HLA class | HC had a significantly
longer survival than patients with low or absent HLA class | HC staining (HC10, £=0.007;
HCA, P=0.02; Fig. 2b, c). On the other hand, no difference in survival between cases with
Bo-m high- or low-stained tumours could be detected (L368 £ = 0.21; Fig. 2d). When the 40
patients with low L368 but high HC10/HCA staining were excluded from the analysis, the
difference in survival almost reached the significance threshold (= 0.07) (data not shown).

The probability of survival was higher in the BP than in the WP group (P> 0.001, Fig. 2e).
This confirms previous results obtained with a different patients cohort [8]. BP HLA-A02*
patients are characterized by significant longer survival compared with the other groups (P=
0.02, Fig. 2e) and also a tendency of higher staining scores for HLA class | HC.

The introduction of low and high HLA class | HC or B,-m staining variables could not
further improve the probability of survival of WP and BP groups (Fig. 2f-h).

These observations were completed by time to death validation using the proportional
hazard regression method (Table 5). Prognostic groups (WP and BP) with high and low
HLA class | HC and B,-m expression were tested in univariate and multivariate analyses.
The HR in univariate analysis for WP versus BP was 3.3 (Cl 2.2-4.9 P=<0.001) and for
low versus high staining for HC10 was 1.7 (Cl 1.1-2.5, £=0.01) and for HCA 1.5 (CI
1.5-2.2, P=0.02. As expected from the results presented in the Kaplan—Meir analysis, the
HR for mAb L368 low versus high staining was 1.27 (Cl 0.86-1.9, P=0.22).

The multivariate analysis ranked WP versus BP highly, superior to the low versus high
HLA class | HC and B,-m staining. Thus, the combination of variables that characterizes
WP patients (HR 3.2, Cl 2.1-4.9, P=<0.001) is an independent predictor of risk of death
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regardless of HLA class | HC or -m staining (HC10 1.14, P=0.64; HCA 1.37, P=0.64;
L368 0.79, P=0.34).

Stratification for HLA-A02* in univariate and multivariate strongly corroborates the data
presented for the all cohort.

Discussion

Cancer patients with serous adenocarcinoma of the ovary in advanced stage have a
significant worse prognosis if they carry HLA-A02* genotype; however, this is not a risk
factor [8, 10]. The distribution of HLA haplotypes is different over the world and mirrors
populations migration as well as selection due to environmental pressure; HLA-A02*
genotype is most common in Scandinavia, Asia and among American Indians [40-42].

We investigated the correlation of HLA-AO02* genotype with HLA class | HC and B,-m
expression in EOC patients. Since many other studies demonstrated HLA class | HC down-
regulation as an independent prognostic marker [7, 43, 44], we investigated whether this
could be a possible explanation for the poor prognostic impact of HLA-A02* as previously
described by us [8, 10].

Firstly, we could confirm our previous observation that the WP group identified by serous
histology, advanced surgical stage and HLA-A02* genotype had an impaired prognosis [8].

Our results show that HLA-A02* genotype plays the leading role in the natural course of
EOC of serous histology. HLA-A02* links a prognostic factor to the aggressiveness of the
disease. We have no evidence of HLA-A02* as a predictive risk factor before the tumour
arises. One might speculate that HLA-A02* or genes closely connected to the HLA-A02*
locus on chromosome 6 are related to other known or unknown molecules involved in
proliferation, metastases and migration or NK cell resistance of tumour cells. It has recently
been shown that clonal chromosomal imbalances detected by FISH with probes targeting
6p25, centromer 6 and 623 identify melanomas with metastatic potential [45].

HLA-G and HLA-E are also relevant, they are HLA class | paralogues and are both involved
in suppression of NK cell-mediated lysis [46]. In particular, HLA-G has been described

as a diagnostic and poor prognostic factor in various cancers including advanced stages of
ovarian cancer [47]. Both HLA-G and HLA-E genes are in close proximity of the HLA-A
gene. We are therefore currently investigating the relationship between HLA-A02* genotype
and the expression of HLA-E and HLA-G antigens. This could add crucial information to
explain the relationship between poor survival and HLA-A02* genotype.

Our second conclusion is that altered expression of HLA class | HC in tumour tissues
predicts a lower overall survival in univariate analysis, which is in agreement with a previous
study describing MHC | APM component expression and intratumoral infiltrating T-cells as
independent prognostic markers in ovarian carcinoma [29]. However, £-m down-regulation
showed no impact on survival in our study. B,-m is typically co-expressed with HLA class |
HC and both are needed for the trimeric HLA/B,-m/peptide complex that is presented on the
cell surface. The trimeric complex is only recognized by the mAb W6/32, which does not
work in formalin fixed, paraffin-embedded tissues. With that, in our study, there only exists
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indirect evidence of whole HLA molecule expression. On the other hand, investigation of
the individual products offers very detailed information. We found that mAb L368 directed
against S,-m showed more “low stained” cases compared to both mAbs HC10 and HCA.
However, a significant correlation to survival in univariate or multivariate analysis was not
detected. Mutations or deletions in the B,-m gene have been described in colon carcinoma,
melanoma and other tumours [48, 49], and our interpretation of the 40 cases with low B-m
expression, but high expression of HLA class | HC, is that it most possibly reflect 8,-m
regulation at the gene level independently from HLA class | HC expression. Cases, with low
staining for all three mAbs, had HR comparable to the HR observed for HLA class | HC loss
alone and were more likely to represent co-down-regulation.

Our final and most important conclusion in our work highlights the association between loss
of HLA class | HC expression and HLA-A02* genotype in the WP group. In multivariate
analysis, the combination of variables that characterizes WP patients is an independent
predictor of risk of death regardless of HLA class | HC or SB,-m expression.

This is the first study, to our knowledge, examining the prognostic influence of both HLA
genotype and HLA class | HC protein expression in EOC patients.

Limitations in this study include both the nature of paraffin-embedded tissues and the mAbs.

Immunohistochemical analyses of paraffin-embedded tissues are limited by the availability
of locus-specific mAbs and interpretation must be made with these restrictions in mind. The
two mADbs used recognize HLA class | HC of different loci: the HC10 mAb detects mainly
HLA-B and HLA-C, the HCA mAb mainly HLA-A and HLA-G antigens [36, 50].

In our study, mAb HC10 stained the tumour tissues with higher frequency than mAb HCA.
This could be either due to a higher sensitivity of mAb HC10 or to a higher frequency of
HLA-B and HLA-C antigen expression [51, 52]. If the latter would be the case, further
studies on the underlying molecular mechanisms of HLA class | antigen alterations are
motivated with focus on the HLA-A locus, in particular HLA-A02*.

Immunohistochemical results give a good indication whether any alterations exists

at all. They represent the basis for studies on larger patient populations and for

further investigations regarding the underlying molecular mechanisms, such as loss of
heterozygosity, deletions or mutations at different HLA loci. It is noteworthy that all the
specimens analysed in this study were obtained from primary and not metastatic tumour
lesions. Hence, this material represents different degrees of aggressiveness at the beginning
of the clinical care, enabling comparative analysis of clinical outcome.

In conclusion, EOC is a deadly disease with poor outcome in general. Very few prognostic
tools are available. Consequently, most patients receive indiscriminate treatment. WP
patients progress early and rapidly during treatment and are likely to suffer more than they
benefit from therapies today. Thus, according to our findings, it is essential to define the
HLA-A genotype as soon as the patient is classified as serous adenocarcinoma of the ovary
in surgical stage I11-1V since additional treatment strategies need to be applied.

Cancer Immunol Immunother. Author manuscript; available in PMC 2021 December 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Andersson et al.

Page 9

Investigations of loss or down-regulation of HLA class | HC have only a relative
consequence in patient care or prognostic assessment. We conclude that analysis of HLA

I HC expression should be pertinent when immune-based treatments are considered, and our
observations point out the need for development of immunotherapies not solely relying on
HLA class | restricted CD8 T-cells.

Further studies with focus on the genetics are necessary to understand the underlying
mechanisms and hopefully find leads towards new therapeutic strategies.
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Healthy tonsill Healthy ovary

Fig. 1.

Rgpresentative examples of immunohistochemical staining patterns of different MHC
components in healthy tissues using the mAbs HC-10 and HCA detecting the HLA class

I HC and mAb L368 detecting S»-m (reading the Wyure horizontally). Vertically and

from feftto right, healthy tonsil and ovary, tumour tissue with the majority of stained

cells (positive), heterogeneous and negative (clearly positive infiltrating cells in the stroma)
staining. Original magnification x400
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Kaplan—Meier and log-rank Pvalues. a All the cohort. b Immunohistochemistry staining
with HC10 mAb. High (p/us symbol) and low (Wiled triangle). c Stained HCA mAB. d
Stained with L368 mAb. e Kaplan—Meier and log-rank Pvalues of patients stratified for
stage I11-1V and serous histology and HLA-AQ02*. WP (times symbol) versus BP (Wiled

circle) and BP HLA-AQ02* (gpen triangle). f As in E but in the log-rank calculation are

considered also the subsets defined by HC10, HCA (g) and L368 (h). BP: high (W/led
square); low (Wiled triangle). WP: high (Willed circle); low (times symbol)
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Table 3

Percentage of tumours stained with antibodies detecting MHC molecules

Antibodies detecting MHC moleculeson tumour tissue Scoring Cohort (%) WP (%) BP (%)
N 162 47 115
HC-10 0 12.3 21 8.6
1 6.1 10 4.3
2 8.6 17 5.2
3 36.4 26 40.5
4 36.4 26 40.5
HCA 0 17.9 27.6 14
1 9.8 12.7 8.6
2 12.9 12.7 13
3 43.2 34 47
4 16.2 13 17.4
L368 0 24 34 20.2
1 185 28 14.7
2 21.6 19 22.6
3 19.1 13 21.7
4 16.6 6 20.8
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