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Abstract

Biomarkers may hold the key towards
development and improvement of personalized cancer treatment. For instance, tumour
expression of immune system-related proteins may reveal the tumour immune status
and, accordingly, determine choice for type
of immunotherapy. Therefore, objective
evaluation of tumour biomarker expression
is needed but often challenging. For
instance, human leukocyte antigen (HLA)
class I tumour epithelium expression is
cumbersome to quantify by eye due to its
presence on both tumour epithelial cells and
tumour stromal cells, as well as tumourinfiltrating immune cells. In this study, we
solved this problem by setting up an
immunohistochemical (IHC) double staining using a tissue microarray (TMA) of rectal tumours wherein HLA class I expression
was coloured with a blue chromogen,
whereas non-epithelial tissue was visualized with a brown chromogen. We subsequently developed a semi-automated image
analysis method that identified tumour
epithelium as well as the percentage of
HLA class I-positive tumour epithelium.
Using this technique, we compared
HCA2/HC10 and EMR8-5 antibodies for
the assessment of HLA class I tumour
expression and concluded that EMR8-5 is
the superior antibody for this purpose. This
IHC double staining can in principle be
used for scoring of any biomarker
expressed by tumour epithelium.

Introduction

Tissue biomarkers have a variety of
applications and their use in the field of
oncology is widespread. Immunohistochemistry (IHC) is used worldwide regarding morphological and pathological evaluation of tumour biomarkers, but several limitations and difficulties have been report[page 88]

ed.1,2 The evaluation of IHC staining of
tumour tissue sections usually relies on
visual microscopic inspection, manual
annotation procedures, and inter-observer
agreement. This method is prone to subjective criteria and will always be qualitative
rather than quantitative. In our opinion,
computer-assisted image analysis is crucial
for determination of oncological biomarkers to acquire quantitative, objective and
reproducible data, especially for large
cohorts as used in tissue microarrays
(TMAs).
In this study, human leukocyte antigen
(HLA) class I was chosen as tissue
biomarker of interest for semi-automated
analysis on a TMA of rectal cancer. Via presentation of tumour-associated antigens by
HLA class I molecules, tumour cells can be
recognized and killed by cytotoxic T cells.
HLA molecules, therefore, play an important role in anti-tumour immune responses.
Several cancer types, including rectal cancer, have been reported to downregulate
HLA class I expression,3-5 which might lead
to tumour escape from T cells. Studies
showed that the degree of HLA class I
expression on tumour cells contains important information regarding clinical outcome
of patients for various cancer types.3-11
Therefore, tumour HLA class I expression
evaluation may be important for clinical
cancer prognosis, but may also be included
in the choice of immunotherapy for specific
cancer patients. Unfortunately, HLA class I
expression is cumbersome to quantify by
eye on tumour epithelium, specifically due
to its high heterogeneity in expression pattern and its presence on both tumour epithelial cells and tumour stromal cells, as well
as tumour-infiltrating immune cells.
Additionally, the evaluation of HLA class I
expression is complicated due to the
widespread use of antibodies that only recognize a selection of HLA class I A, B, and
C alleles, such as HCA2 and HC10.12-14
These two antibodies are often combined to
study HLA class I expression in order to
cover the detection of as many different
HLA class I alleles as possible.4-6,15
Unfortunately, HCA2 cross-reacts with
non-classical HLA class I molecules HLAE, HLA-F, and HLA-G,12, 13 thereby possibly leading to overestimation of the total
HLA class I tumour expression. The introduction of a novel monoclonal antibody,
EMR8-5, recognizing, and only recognizing, HLA class I A, B, and C alleles,16 may
circumvent undetected reactivity and
unwanted cross reactivity. In conclusion,
HLA class I is a difficult and therefore particularly suited tissue biomarker for setting
up semi-automated analysis.
In order to solve the problem of discriminating between tumour epithelium and
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non-epithelial tissue, we developed a double staining wherein HLA class I was visualized with a blue chromogen, whereas all
non-epithelial tissue, i.e. stromal cells,
blood vessels, and immune cells, was
coloured with a brown chromogen. Using a
negative selection method, tumour epithelium could automatically be selected by
excluding all brown-stained non-epithelial
tissue. With this method we scored HLA
class I expression in tumour epithelium in a
TMA of primary tumours from rectal cancer
patients. Next, we investigated whether
EMR8-5 better detects HLA class I expression in tumour epithelium in rectal cancer
than the combined HCA2/HC10 antibodies.

Materials and Methods
Study population

The study population consisted of 495
patients diagnosed with rectal cancer
included in the Dutch total mesorectal exci-
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sion (TME) trial (January 12th, 1996, DUTKWF-CKVO-9504, EORTC-40971, EU96020) who underwent TME surgery without pre-operative radiotherapy.7 All patients
included in the TME trial gave written
informed consent for participation and retrospective use of samples gathered during
the trial. A TMA was produced as described
in the study by Reimers et al.,5 and used in
this study. Tissue sections (4 µm) of the
TMA blocks were cut following a standard
procedure and transferred onto glass slides
using tape.

Antibodies

The mouse monoclonal antibodies
HCA2 and HC10 were used, which were
kindly provided by Prof. Dr. J. Neefjes
(Leiden University Medical Centre, Leiden,
The Netherlands). HCA2 recognizes the
heavy chains of all HLA-A molecules
except HLA-A24, as well as some HLA-B,
HLA-C, HLA-E, HLA-F, and HLA-G
heavy chains.12,13 HC10 is known to react
with HLA-B and HLA-C heavy chains and
with some alleles of HLA-A heavy chains
(HLA-A*10, A*28, A*29, A*30, A*31,
A*32, and A*33).14 Furthermore, the mouse
monoclonal antibody EMR8-5 (ab70328,
AbCam, Cambridge, UK) was used, which
is reported to be an anti-pan classical HLA
class I antibody, recognizing HLA-A, -B,
and -C alleles.16 It has been shown to
strongly react with the extracellular
domains that were tested (i.e. HLAA*2402, A*0101, A*1101, A*0201,
A*0207, B*0702, B*0801, B*1501,
B*3501, B*4001, B*4002, B*4006,
B*4403, Cw*0102, Cw*0801, Cw*1202,
and Cw*1502).16 Additionally, a mix of rabbit polyclonal antibodies targeting collagen
I, collagen VI, and elastin (ab34710,
ab6588, and ab23747 respectively, all from
AbCam) was used in order to stain extracellular matrix (ECM), to stain stromal tissue
and blood vessels in tumour tissue. A rabbit
monoclonal anti-CD45 antibody (ab40763,
AbCam) was included to target tumourinfiltrating immune cells. For each antibody, the dilution to obtain optimal staining
was determined.

Immunohistochemistry

An IHC double staining was set up
wherein HLA expression was visualized
with blue chromogen, whereas tumour stromal tissue, blood vessels, and tumour-infiltrating immune cells were coloured with
brown chromogen. Briefly, 4 µm thick
TMA sections were deparaffinised and
rehydrated followed by heat-mediated antigen retrieval in EnvisionTM FLEX target
retrieval solution low pH (DAKO,
Glostrup, Denmark) using a PT Link module (DAKO). Endogenous peroxidase and

phosphatase activity were blocked for
10 min with BloxAll solution (Vector
Laboratories, Burlingame, CA, USA). Two
distinct antibody mixes were prepared in
1% bovine serum albumin in PBS containing mouse (either HCA2/HC10 or EMR8-5)
and rabbit antibodies (against collagen I,
collagen VI, elastin and CD45) in the predetermined optimal dilutions. Tissue sections
were then incubated overnight with either
the HCA2/HC10-ECM-CD45 antibody mix
or the EMR8-5-ECM-CD45 antibody mix.
The following day, sections were incubated
with AP-labelled secondary anti-mouse
antibodies (MACH-2 Mouse AP-polymer;
Biocare Medical, Pacheco, CA, USA) and
developed with a Vector Blue Substrate kit
(Vector Laboratories). Sections were subsequently incubated with anti-rabbit HRPlabelled secondary antibodies (Rabbit
Envision; DAKO) and developed with a
DAB substrate kit (DAKO). Note that the
TMA tissue sections were not counterstained with haematoxylin, like in a standard IHC staining procedure. Finally, the
sections were dehydrated and mounted with
Ecomount (Biocare Medical).

Semi-automated image analyses

Stained sections were scanned using an
IntelliSite Digital pathology slide scanner
(Philips, Eindhoven, The Netherlands).
Images of the scanned sections were opened
with Philips Digital Pathology Solution
software
(release
2.3.1.1,
Philips
Electronics). Single tumour TMA cores
were then identified within the scanned sections and exported as JPEG images (20x
magnification). Next, the JPEG images
were imported into AxioVision digital image
processing software (release 4.9.1, Zeiss)
and HLA class I expression in the TMA
tumour cores was assessed as percentage
HLA class I-positive tumour epithelium
from the tumour epithelium area using the
following method (For detailed description,
see supplementary data). In short, the tissue
area of interest in the TMA core was annotated manually in AxioVision software,
thereby excluding necrotic areas and artefacts as a result of the staining procedure to
prevent interference with the analysis. The
first step of the computer-assisted analysis
was tissue selection based on a threshold in
the RGB channels (determined for each
staining) for automatic exclusion of areas
within the annotated region that did not
contain tissue. TMA cores containing
<350,000 pixel2 in the tissue area (equivalent to <10% tissue area of the total core
area) were excluded from analysis. In the
second step, tumour epithelium was identified using hue luminance saturation (HLS)
settings to discriminate between brownstained stromal tissue, blood vessels,

immune cells and HLA class I-positive or
negative tumour epithelium. To correct for
deposition of blue chromogen outside the
tissue area, the settings for this step in the
analysis were manually adapted for each
TMA core. TMA cores with <5% tumour
epithelium area (of the total tissue area)
were excluded from analysis. Finally, HLA
class I-positive tumour epithelium was
identified within the total defined tumour
epithelium area. This was accomplished by
generation of a black and white image
which was sorted into 256 levels of
greyscale from black (0) to white (255). The
two independent observers then determined
the threshold for positive staining based on
blinded assessment of five randomly selected TMA cores using the following method.
The threshold for positive staining was
decreased by 1 level at a time by the person
responsible for the automated analysis until
the independent observers indicated that the
threshold resulted in optimal separation of
HLA class I-positive and negative tumour
epithelium. The mean of the 5 determined
thresholds was used as cut-off value.
Finally, to include the whole cell area of an
HLA class I-positively stained tumour cell,
the non-stained area within the cell (i.e.
cytoplasm and nucleus) was included into
the total tumour area considered as HLA
class I-positive. The percentage of HLA
class I-positive tumour epithelium among
the total tumour epithelium area was semiautomatically scored in steps of 0.1%. In
addition, HLA class I scores were categorized as follows: <60%, 60-80%, 80-95%,
or 95-100% HLA class I-positive tumour
epithelium.

Statistical analyses

The percentage of HLA class I-positive
tumour epithelium expression was compared between assessment by HCA2/HC10
and EMR8-5 antibodies using the Spearman
correlation test. Furthermore, a Chi square
test was used to correlate HLA class I categorical scoring between assessment by
HCA2/HC10 and EMR8-5 antibodies. Pvalues ≤0.05 were considered statistically
significant.

Results

HLA class I double staining

HLA class I expression was evaluated
in a TMA of 495 primary rectal tumours
either by a combination of HCA2/HC10
antibodies or by EMR8-5. It was chosen to
analyse one TMA core per patient in order
to include a high variety of tissue cores in
the analysis regarding morphology and
HLA class I expression as heterogeneity of
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HLA class I expression among tumours and
not within the tumours was subject of this
study. Due to staining artefacts and loss of
tissue cores during the staining procedure,
the HCA2/HC10 and EMR8-5 staining
could be evaluated in 284 (57.4%) and 298
tissue cores (60.2%) respectively. In total,
280 tissue cores were successfully evaluated for both IHC staining. Figure 1 shows an
example of HLA class I IHC staining in
TMA cores of rectal tumours as assessed
using HCA2/HC10 (Figure 1A) and EMR85 antibodies (Figure 1B). Please note that
no overlap of blue and brown chromogens
was present on tumour epithelium using this
double staining, allowing for clear evaluation of HLA class I expression by tumour
epithelium. Furthermore, this staining
method enabled clear visualization of
brown-stained tumour-infiltrating immune
cells (inserts in Figure 1).

Semi-automated scoring of HLA
class I expression with HCA2/HC10
antibodies

HLA class I expression was semi-automatically scored in the tissue cores IHC-

stained with HCA2/HC10 antibodies.
Figure 1A shows the sequential steps in the
semi-automated image analysis, starting
with selection of the total tissue area using
RGB colour settings. Due to deposition of
blue chromogen outside the tissue area,
probably as a result of binding of the antibodies to remnants of the tape that was used
to transfer the TMA sections onto glass
slides, the total tissue area was overestimated in approximately 20% of the evaluated
TMA cores. These non-tissue containing
areas were excluded from the semi-automated analysis in the next step in which all
non-epithelial tissue was excluded from the
tissue selection (i.e. negative selection).
Please note that brown-stained tumourinfiltrating immune cells, together with
brown-stained stromal tissue, were excluded from the tumour epithelium area selection (Figure 1A). Due to different composition of stromal tissue between tumours, the
brown staining intensity varied between the
tissue cores but this did not affect the image
analysis. Finally, the area of HLA class Ipositive tumour epithelium was selected.
Based on blinded manual assessment of five

randomly selected TMA cores, the threshold for HLA class I-positive staining using
semi-automated image analysis was determined as greyscale level 195. Thus, every
pixel present in the tumour epithelium
selection with a greyscale level between 0195 was defined as HLA class I-positive,
while all pixels with a greyscale level
between 196-255 were defined as HLA
class I negative. Figure 2 shows a representative area of the TMA stained for HLA
class I expression, using the method we
developed. In total, 9/19 (42.1%) of the
TMA cores containing rectal tumour tissue
in Figure 2 could not be analysed due to loss
of tissue cores during the staining procedure, a phenomenon that is often observed
when evaluating stained TMA tissue sections. The output from the semi-automated
analysis for the example cores shown in
Figure 2 is summarized in Table 1 and
expressed as the number of pixels in the tissue area, tumour epithelium area and HLA
class I-positive tumour epithelium area with
the corresponding percentages. This information can be used to compensate for variation in the amount of tissue in different

Table 1. Example of the semi-automated image analysis output of TMA cores with rectal tumour tissue stained for HLA class I expression with EMR8-5 antibodies. The table summarizes the output of the semi-automated image analysis of the TMA cores stained for
HLA class I expression shown in Figure 2. TMA cores A3, A4, A5, B4, B5, C3 and D5 were excluded from analyses since <350,000
pixel2 were present in the tissue area (equivalent to <10% tissue area of the total core area. C5 contained control placenta tissue and
was therefore not analysed. Finally, D1 could not be analysed since the tissue that may be tumour epithelium stained brown. As a result,
no discrimination could be made in D1 between tumour epithelium and non-epithelial tissue.
Analysed
TMA
Core
A1
A2
A3
A4
A5
B1
B2
B3
B4
B5
C1
C2
C3
C4
C5
D1
D2
D3
D4
D5

Tissue area

Y/N

Pixel2

% of total
core area

Y
Y
N
N
N
Y
Y
Y
N
N
Y
Y
N
N
Y
N
Y
Y
y
n

2493655
2965056
NA
NA
152566
2399358
2552283
2899882
NA
173445
2803175
2393691
NA
NA
3230220
2370722
1212719
2810333
1965909
238838

71.2%
84.7%
NA
NA
4.4%
68.6%
72.9%
82.9%
NA
5.0%
80.1%
68.4%
NA
NA
92.3%
67.7%
34.6%
80.3%
56.2%
6.8%

Tumour epithelium
area
Pixel2
% of tissue
area
1561920
1107682
NA
NA
NA
263289
301687
1578167
NA
NA
1328377
1567623
NA
NA
1233284
NA
936256
690631
590244
NA

62.6%
37.4%
NA
NA
NA
11,0%
11.8%
54.4%
NA
NA
47.4%
65.5%
NA
NA
38.1%
NA
77.2%
24.6%
30.0%
NA

TMA, tissue microarray; HLA, human leukocyte antigen; NA, not available.
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HLA class I-positive
tumour epithelium area
Pixel2
% of tumour
epithelium
area
1107401
1094390
NA
NA
NA
263026
299877
1549760
NA
NA
1253988
1500215
NA
NA
1209852
NA
870718
556649
526498
NA

70.9%
98.8%
NA
NA
NA
99.9%
99.4%
98.2%
NA
NA
94.4%
95.7%
NA
NA
98.1%
NA
93.0%
80.6%
89.2%
NA
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cores in case multiple tumour cores are
evaluated per patient. In this study, we evaluated a single tumour core per patient and
therefore, we did not compensate for variation in the amount of tissue in different
cores.
The mean percentage HLA class-I positive tumour epithelium area scored with the
HCA2/HC10 antibody mix was 96.7%± 5.3
(Table 2). In total, 220/284 (77.5%) of the

TMA cores were scored with 95-100%
HLA class I-positive tumour epithelium
(Table 2). Additionally, 56/284 (19.7%) and
8/284 (2.8%) tissue cores were scored with
80-95% and 60-80% HLA class I-positive
tumour epithelium respectively (Table 2).
No TMA cores were scored with <60%
HLA class I-positive tumour epithelium
(Table 2). These results indicate that the
double staining method and subsequent

semi-automated image analysis can be used
to score HLA class I expression in TMA
cores of rectal cancer, enabling use of
objective and consequent scoring criteria.

Semi-automated scoring of HLA
class I expression using EMR8-5
antibodies

Next, we assessed HLA class I expression in TMA cores of rectal cancer with

Figure 1. IHC double staining with subsequent semi-automated image analysis for HLA class I expression in four different TMA cores
of rectal tumours with HCA2/HC10 or EMR8-5 antibodies. An IHC double staining was set up to analyse HLA class I expression in
rectal cancer. Stromal tissue, blood vessels, and immune cells were stained brown whereas HLA class I expression (HCA2/HC10 antibody mix or EMR8-5) was stained blue. Representative images are presented of two TMA cores stained with the HCA2/HC10 antibody
mix (A) and two TMA cores stained with EMR8-5 antibodies (B). The arrows in the high magnification inserts indicate (brown-stained)
tumour-infiltrating immune cells. The images illustrate the different steps of the semi-automated image analysis of HLA class I expression in rectal cancer. Tissue selected in each step of the analysis is indicated in green. First, all tissue in the core was selected. Second,
tumour epithelium was identified within the tissue selection by subtraction of the brown stroma. Third, the percentage of HLA class
I-positive epithelium area was scored within the epithelium selection as displayed in the upper right corner of each TMA core. IHC,
immunohistochemistry; HLA, human leukocyte antigen; TMA, tissue microarray.
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EMR8-5 antibodies using the same image
analysis workflow as described above. The
threshold for HLA class I-positive staining
was used as determined for the
HCA2/HC10 stained TMA cores. Figure 1B
shows two representative TMA cores
stained with EMR8-5 with the sequential
steps in the semi-automated image analysis.
More variation was observed in the percentages of HLA class I-positive tumour epithelium in TMA cores with EMR8-5 compared
to HCA2/HC10 (Table 2). The mean percentage HLA class-I positive tumour
epithelium area scored with the EMR8-5
antibodies was 92.9%±9.5 (Table 2). In
contrast with the HCA2/HC10 antibody
mix, almost no deposition of blue chromogen outside the tissue area was observed

Table 2. Overview of semi-automated scoring of HLA class I expression in a TMA of rectal cancer using HCA2/HC10 or EMR8-5 antibodies. Tumour epithelium expression of
HLA class I was scored in TMA tumour cores of 284 rectal cancer patients with
HCA2/HC10 antibodies, and in 298 patients with EMR8-5 antibodies. The mean percentage of HLA class I-positive tumour epithelium area is shown in the table. In addition, HLA class I scores were categorized as follows: <60%, 60-80%, 80-95%, or 95100% HLA class I-positive tumour epithelium.

HLA class I expression
Mean±SD
Range
HLA class I expression
<60%
60-80%
80-95%
95-100%

HCA2/HC10
N=284 (%)

EMR8-5
N=298 (%)

96.7±5.3
69.1-100.0

92.9±9.5
18.9-100.0

0 (0.0)
8 (2.8)
56 (19.7)
220 (77.5)

3 (1.0)
16 (5.4)
113 (37.9)
166 (55.7)

HLA, human leukocyte antigen; SD, standard deviation.

Figure 2. Example of TMA cores with rectal tumour tissue stained for HLA class I expression with EMR8-5 antibodies. An IHC double
staining was set up to analyse HLA class I expression in rectal cancer. Stromal tissue, blood vessels, and immune cells were stained
brown whereas HLA class I expression (EMR8-5) was stained blue. A representative area of a TMA stained for HLA class I expression,
containing 20 TMA cores, is shown. TMA, tissue microarray; IHC, immunohistochemistry; HLA, human leukocyte antigen.
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in the EMR8-5 staining, suggesting that
EMR8-5 did not bind to remnants of the
used tape. As a result, the total tissue area
was not overestimated using EMR8-5. In
conclusion, these results indicate that our
IHC double staining technique and subsequent semi-automated image analysis can
be used to score HLA class I expression on
tumour epithelium using antibodies that
recognize different HLA class I epitopes.

Comparison of HCA2/HC10 and
EMR8-5 antibodies for the assessment of HLA class I expression

Finally, we compared the percentage of
HLA class I-positive tumour epithelium in
TMA cores of rectal cancer as assessed by
HCA2/HC10 and EMR8-5 antibodies,
respectively. In total, 280 tissue cores were
successfully analysed for both IHC staining.
Scorings of HLA class I expression on
tumour epithelium with HCA2/HC10 and
EMR8-5 antibodies significantly correlated
(ρ=0.136, P=0.022). Hence, tumour cores

scored with a high area percentage of HLA
class-I positive tumour epithelium assessed
by HCA2/HC10 antibodies were also
scored with a high area percentage of HLA
class-I positive tumour epithelium using
EMR8.5 antibodies and the other way
around. However, scoring of HLA class I
expression in categories did not correlate
when assessed with HCA2/HC10 and
EMR8-5 antibodies (P=0.101). We hypothesized that tumour epithelium would be
scored equal or higher for HLA class I
expression with HCA2/HC10 compared to
EMR8-5 antibodies due to known cross
reactivity of HCA2 with non-classical HLA
molecules.12,13 In the majority of the TMA
cores (82.5%), the percentage of HLA class
I-positive tumour epithelium was scored
equal (±10%) with HCA2/HC10 and
EMR8-5 antibodies. In a fraction of the tissue cores (4.3%), the percentage of HLA
class I-positive epithelium was scored
>10% higher with EMR8-5 compared to
HCA2/HC10. When examined in further

detail, the scored differences in these tissue
cores were due to inaccurate selection of the
tumour epithelium as a result of tissue damage and a relatively high amount of blue
chromogen deposition outside the tissue
area in the HCA2/HC10 staining. In contrast, 4 times as many tissue cores (13.2%)
were observed with >10% higher HLA class
I-positive percentage tumour epithelium
area when assessed by HCA2/HC10 antibodies compared to EMR8-5. A representative tumour that was scored >10% higher
with HCA2/HC10 compared to EMR8-5 is
shown in Figure 3. TMA cores with this
staining pattern might express non-classical
HLA class I molecules such as HLA-E,
HLA-F and/or HLA-G that are recognized
by HCA2/HC10 antibodies, but not by
EMR8-5. In conclusion, the staining patterns of HCA2/HC10 and EMR8-5 antibodies are different, characterized by recognition of additional epitopes by HCA2/HC10,
most likely non-classical HLA class I
molecules.

Figure 3. Comparison of HCA2/HC10 and EMR8-5 antibodies for the evaluation of HLA class I expression in a TMA core of rectal
cancer. An IHC double staining was set up to analyse HLA class I expression with HCA2/HC10 and EMR8-5 antibodies in a TMA of
rectal cancer. Stromal tissue, blood vessels, and immune cells were stained brown whereas HLA class I expression was stained blue. The
percentage of HLA class I-positive tumour epithelium area (indicated in the figure) was evaluated using semi-automated image analysis.
Tissue selected by the software in each step of the analysis is indicated in green. First, all tissue in the TMA cores was selected. Second,
tumour epithelium was identified within the tissue selection. Third, the percentage of HLA class I-positive epithelium area was scored
within the epithelium selection. The example shows a TMA core that was observed to be positively stained with the HCA2/HC10 antibody mix, while being mostly negative regarding EMR8-5. These tissue cores might express non-classical HLA class I molecules such
as HLA-E, HLA-F and/or HLA-G that are recognized by the HCA2/HC10 antibody mix but not by EMR8-5. HLA, human leukocyte
antigen; TMA, tissue microarray; IHC, immunohistochemistry.
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Discussion

In order to study the expression of clinical predictive and prognostic biomarkers in
tumour tissue using IHC, it is essential that
scoring is standardized. Here, we presented
an IHC double staining and subsequent
semi-automated image analysis method that
can be used to score the tumour epithelium
expression of HLA class I in rectal cancer.
Importantly, our developed technique has a
major advantage by allowing discrimination
between epithelium and non-epithelial tissue, which enabled simple semi-automated
tissue selection based on colour. This
method therefore enabled quantification of
a biomarker (i.e. HLA class I) on tumour
epithelium, even when also expressed by
stromal tissue and/or immune cells. Using
our relatively simple IHC double staining
technique, a straight forward slide scanner
is sufficient in order to obtain images that
can be analysed at digital platforms that
support JPEG files and that may be chosen
based on availability and/or user experience. With the described image analysis
method using AxioVision software, it was
possible to calculate the percentage of HLA
class I-positive tumour epithelium with a
set threshold, thereby acquiring objective
data. Since this scoring method is relatively
fast and simple, it is highly suitable for
analysis of biomarker expression on tumour
tissue in both research and clinical settings.
To the best of our knowledge, we are the
first to describe a double staining method
for semi-automated image analysis of
biomarkers expressed by cancer tissue
using a TMA.
Many different techniques have been
reported to evaluate biomarkers on tumour
tissue.17-22 Some studies, using MATLAB
software, could give insights in the relocation of tumour biomarkers between a cell’s
membrane, cytoplasm and nucleus using
RGB unmixing of images of conventional
IHC-stained sections (DAB and haematoxylin signals).20,21 Additionally, MATLAB
software (MIAQuant code) was recently
reported as novel computational method for
the quantification of IHC stained tissue sections.23,24 This software is already used in
clinical cancer research for determination of
the expression of microRNAs in
melanomas, which might have value in prediction of poor immunotherapy outcome.25
As no discrimination could be made
between tumour epithelium and non-epithelial tissue, this method is not suitable for
quantification of tumour biomarkers that
are also expressed by non-epithelial cells.
Other studies reported that the software
platform ImageJ can be used to evaluate the
expression of biomarkers based on its
immunohistochemical staining intensity on
[page 94]

a TMA in a high throughput manner.17-19
Using this method, the tumour-epithelium
specific expression of biomarkers could be
analysed since the biomarker expression
signal on epithelium was higher compared
to non-epithelial tissue. Hence, the threshold for positive staining was set in a way
that the relatively low signal in stromal tissue was scored as negative. Unfortunately,
this method cannot be used for tumour
epithelium-specific evaluation of biomarkers like HLA class I, that are also expressed
at high levels on non-tumour cells. Recent
studies using digital image analysis software QuPath or ImageJ showed that it is in
principle possible to score biomarkers such
as p53, Ki67, PR, HER2, and CD3 on
tumour epithelium cells with standard IHC
and haematoxylin counterstaining without a
need for tumour or stromal identification
markers.26-28 However, it should be considered that the deep learning algorithms used
in these analyses have disadvantages as a
large number of training samples are
required that need to be manually annotated
by experts, thereby making it a time-consuming method to set up.29,30 Additionally,
deep learning algorithms often require the
use of expensive microscopes and complicated software. For the future, it is likely
that deep-learning algorithms in combination with the presented IHC double staining
are even better for accurate scoring of
biomarker expression on tumour epithelium. Importantly, deep learning algorithms
might be less complicated to set up based on
our IHC double staining since we used
staining of non-epithelial cells instead of
morphological features to distinguish
tumour cells from other cells.
Although our semi-automated image
analysis method has many advantages compared to other automated image analysis
techniques, it also presents with some limitations. For instance, it provides information regarding the percentage of HLA class
I-positive tumour epithelial area instead of
percentage of tumour cells. Inclusion of a
nuclear stain to the presented IHC staining
would be required to estimate the latter. For
this purpose, it is necessary to discriminate
between more than two colours on one tissue slide for which the current software like
we used is not suitable. Deep learning software, for instance in combination with
spectral imaging, may solve this problem.
Additionally, although infiltrating immune
cells could be visualised and excluded from
the tumour epithelium selection, it was not
possible to quantify them in TMA tumour
cores. This was due to the use of one chromogen for both immune cells and other
non-epithelial cells, thereby complicating
discrimination of these cell types. For
detailed analyses of infiltrating immune

cells, multiplex immunofluorescence is
advised.31,32 Furthermore, our IHC double
staining does not discriminate between normal epithelium and tumour epithelium. This
is not an issue when analysing TMA tumour
cores since the location of these tumour tissue cores has been annotated and checked
by a pathologist. When analysing whole tissue sections, however, it will be necessary
to visually verify which areas contain
tumour epithelium and should therefore be
analysed. Finally, as described in the
Materials and Methods section, the presented IHC double staining uses species-specific antibodies, meaning that in combination
with the rabbit-derived ECM/CD45 antibody mix, biomarkers can be evaluated
using any non-rabbit-derived antibodies. In
case only rabbit antibodies are available for
the evaluation of a specific biomarker, a
new ECM/CD45 mix has to be prepared
with antibodies derived from another
species.
HCA2 and HC10 antibodies are often
used to study HLA class I expression in cancer.4-6,15 Importantly, the combination of
HCA2 and HC10 antibodies overestimates
the total HLA class I expression due to the
cross reaction of HCA2 with non-classical
HLA molecules12,13 that are known to be
present in rectal tumours.5,15 In this study,
we showed that some TMA cores of rectal
cancer positively stained with HCA2/HC10
antibodies while being negative regarding
EMR8-5, thereby suggesting that EMR8-5
indeed does not cross react with additional
non-classical HLA molecules.16 Therefore,
in our opinion, EMR8-5 is a better monoclonal antibody to assess the expression of
HLA class I specifically compared to a mix
of HCA2/HC10 antibodies.
In conclusion, the presented IHC double staining and subsequent semi-automated
image analysis can be used for the scoring
of HLA class I expression on tumour
epithelium, thereby acquiring quantitative
and objective data. This staining method
and automated analysis can be expanded to
any other tissue biomarker and also to different (epithelial) cancer types, and is therefore widely applicable for tumour biomarker analysis.
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