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Background: Cervical cancer (CXCA) is the second most common cancer among women in Thailand and worldwide.
Immune evasion caused by down-regulation of host immune responsive genes, such as MHC class I and loss of antigen
processing machinery (APM), presents a capability leading to cancer development. Immunohistochemical staining (IHC) is
regarded as a common technique for protein marker detection in clinical laboratories. At present, IHC automation has been
launched to facilitate the speed and feasibility to replace conventional IHC. However, evaluation of its use is still limited.
Objective: This study aimed to evaluate IHC scoring by automated visual analysis compared to conventional IHC analysis.
Material and Method: The paraffin-embedded tissues of 96 invasive CXCA were processed using a tissue microarray (TMA)
platform followed by automated IHC staining of the anti-MHC class I (heavy chain, β2M) and an APM-Tapasin expression.
Conventional IHC and automated slide scanning with scoring visual analysis were compared.
Results: The results showed significant association between conventional and automated IHC evaluation (p-value >0.05,
Chi-square) for MHC class I and Tapasin stated in percentage of positive cancer cells, whereas intensity was found (p-value
<0.05, Chi-square) with moderate agreement (p-value <0.001, kappa) 0.434-0.615 and 0.353-0.554, respectively. After
calculated values, the results showed significant association between conventional and automated IHC evaluation (p-value
>0.05, Chi-square) for MHC class I and Tapasin with the highest agreement level (p-value <0.001, kappa) of summation
0.595-0.755 and multiply scoring 0.633-0.689, respectively.
Conclusion and Discussion: The automation software for IHC scoring and interpretation can be used for the determination
of MHC class I and Tapasin in CXCA. In addition, an antigen presentation pattern must be included to allow an accurate
result for MHC class I in clinical use. An appropriate sample size and design of staging coverage as well as clinical prognosis
outcomes of progression should be used in further investigation.
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Recent clinical scoring procedures rely on a
pathologist’s visual examination and are based on two
characteristics: percentage of positive tumor cells
staining and intensity. The evaluated scoring of positive
staining involves intrinsic subjectivity because criteria
are visually judged or have limitations depending on

the skill training. This technique is also restricted
because the scores for the two categories remain as
separate functions and cannot be combined for analysis
and comparison(1). Automated immunohistochemistry
(IHC) scanning and imaging visualization have more
potential to overcome these limitations. The automated
IHC analyses are precise in ranges of staining that
appear weak to the eye(2) and produce continuous
data(3). Furthermore, they can provide pathologists with
support for visual scoring, as computer-aided IHC
analysis substantially improves both intra- and inter-
observer agreement(4). The automation has the ability
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of commercially available software algorithms (Genie
Histology Pattern Recognition software suite including
Genie Training v1 and Genie Classifier v1, and Color
Deconvolution v9, Aperio Technologies, Vista, CA,
USA) to replicate results obtained solely through visual
inspection by pathologists or investigators, especially
in the evaluation of tumor cell staining(5).

Cervical cancer (CXCA) is the second
most common female malignant cancer in Thailand
and the world(6-8). Host immune response is a crucial
factor during the development of CXCA. Major
histocompatibility class I (MHC I) consisting of
heavy chain and β

2
-microglobulin (β2m) and antigen

processing machinery (APM) such as Tapasin
expression are genes necessary for cellular-mediated
immunity functions(9,10). In this study, tissue microarray
(TMA) as platform slides for the clinical sample of
patients were performed and followed by automated
IHC staining with antibody directed against MHC class
I and Tapasin. The automation of IHC scanning and
imaging visual analysis were evaluated and compared
to conventional visualization by training investigators
and/or pathologists.

Material and Method
Clinical samples

The patients were selected and provided with
informed consent forms EC 009/2012 for tissue sampling
and analysis at the Ubon Ratchathani Cancer Hospital.
All patients represented as invasive cervical carcinoma
from FIGO staging I-IV resulting tumor cell types of
squamous cell carcinoma (SCCA) and adenocarcinoma
(ADC). The paraffin-embedded tissues from all patients
were set for tissue microarray (TMA) depending on
the location of the tumors and were stained with
standard hematoxylin and eosin (H&E) to identify the
regions of the tumor cells followed by automated
immunohistochemistry (IHC) staining, slide scanning,
and scoring visualization.

TMA, antibodies and automated IHC staining
The TMA slides provided duplicate 0.4 mm

core samples from 96 cases of invasive cervical
carcinoma. The monoclonal antibody (mAb), which
recognizes a framework determinant expressed on β2m
(clone ab15976; Abcam), the mAb HC recognizing HLA
class I heavy chains (clone ab15976; Bio-active), and
the mAb Tapasin (Bio-active clone sc-80647), were
used. All procedures were performed automatically in
VENTANA Bench Mark ULTRA (Roche, Germany). The
automated IHC staining with the optimal dilution of

primary antibodies including anti-heavy chain, β2m,
and Tapasin were 1:1,000, 1:1,000 and 1:100,
respectively. Tonsils were used for positive control
tissue assessment.

Conventional IHC evaluation
The evaluation criteria were determined for

the percentage of positive cells staining and positive
cells intensity by three independent investigators.
According to the enumerated criteria of positive cells
staining, lesions were scored as positive when the
percentage of stained positive cells in the entire lesion
was >75% (grading as 3+; strongly positive), between
25-75% (grading as 2+; heterogeneous), and <25%
(grading as 1+; trace), no staining (grading as 0;
negative), respectively. The enumerated criteria of
positive cells intensity was also scored as grading 3+

(strong intensity), 2+ (moderate intensity), 1+ (low
intensity), and 0 (no intensity positive cells). Finally,
the scoring was evaluated using a combination of
staining and intensity resulting in summation and
multiple scoring as modified from a previous study(11).
Interpretation of the scoring was categorized as loss of
expression (including total loss and/or partial loss) and
normal expression. The scorings depending on both
summation and multiply were classified into three
groups of scores, 0-2, 3-4, and 5-6 or 5-9, in relation to
total loss of expression, partial loss of expression and
normal expression, respectively.

Automated slide scanning and scoring visual analysis
Stained whole slide tissue sections were

digitally imaged using the Aperio ScanScope XT
(Aperio Technologies, Vista, CA) using a 20 x 0.75NA
PlanApo objective for complete 200x magnification
using a Basler tri-linear array camera technology
(0.50 μm/pixel). Scan time at 20x magnification ranged
from 2 to 6 min, depending on the size of the tissue
sections. Slide details regarding patient information and
pathologist scoring were blinded. Digital images were
recorded within the Aperio Spectrum Database to be
analyzed. Positive and negative controls, as described
above, were scanned and analyzed each batch of
slides. The automated visualization was performed
by quantitative scoring algorithms customized for
automated IHC staining, using commercially-available
templates from Aperio Technologies. The Aperio
product, a combination of the Genie® Histology Pattern
Recognition tool, was used to select tumor regions of
interest, and either the Membrane Quantification v_9
cellular analysis tool or the Nuclear Quantification
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v_9.1 cellular analysis tool was used(5). These
adjustments for the nuclear stain included
segmentation, nuclear curvature threshold, intensity
thresholds, size, roundness, compactness, and
elongation. These modifications for membrane staining
included segmentation intensity thresholds, cell size,
nuclear size, cell radius, roundness, compactness, and
elongation.

Statistical analysis
The results from three conventional visual

investigators as goal standard procedure were
compared to the automated image analysis procedure.
Statistical analyses were performed using SPSS version
19.0 (SPSS Inc., Chicago, IL). A p-value <0.05 was
considered statistically significant. The scores were
compared using KAPPA analysis and Chi-square test
for the association.

Results
Evaluations of conventional IHC visual analysis on
MHC class I and tapasin

The evaluations of final grading of positive
tumor cell staining and percentage of their intensity
were determined. The IHC staining was examined for

Fig. 1 Evaluation of IHC conventional method stained with anti-MHC class I heavy chain representation from TMA
platform was examined (A). Increased resolution showed positive cancer cell staining (CXCA), lymphocytes as an
internal positive control (IPC) and red blood cells as internal negative control (INC) (B). Levels of IHC showed
grading 3+ (C), 2+ (D), 1+ (E) and 0 (F) as normal, partial loss, and total loss of expression respectively. The
localized staining was also found as membranous and cytoplasmic patterns.

expression of MHC class I including heavy chain and
β2m, and an APM-Tapasin followed by the optimal
dilution of each antibody using TMA platform. An
example of MHC class I expression via the IHC staining
is shown in Fig. 1A-F. The quality of the tumor cell
staining was determined according to percentages of
positive staining and their intensity. Lymphocyte and
red blood cells were used for internal positive control
(IPC) and internal negative control (INC) respectively
as shown in Fig. 1B. Different levels of invasive CXCA
using conventional IHC visual analysis consisting of
grading 3+, 2+ and 1+ or 0 representing for normal,
partial loss and total loss of expression, respectively,
are shown in Fig. 1C-F. Localization of MHC class I
expression patterns was presented for membranous and
cytoplasmic patterns as shown in Fig. 1C and Fig. 1D,
respectively.

Evaluations of automated IHC visual analysis of
MHC class I and tapasin

The evaluations of IHC automated visual
procedure were analyzed. The results after staining with
the specific antibodies for MHC class I including heavy
chain and β2m, and an APM-Tapasin protein expression
were determined. The visualization showed deter-
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Fig. 2 Evaluations of IHC automated visual analysis stained with anti-MHC class I heavy chain representation were
examined. Examples of different levels were determined with combinations between percentages of positive cancer
cell staining and their intensity. The upper picture shows grading 3+ whereas the lower picture shows 2+.

mination and interpretation of a combination between
percentages of positive staining and their intensity.
An example analysis of MHC class I by heavy chains
shows different levels of automated scanning and
imaging analysis (Fig. 2). The different levels of invasive
CXCA using automated IHC visual analysis consisting
of grading 3+, 2+ and 1+ or 0 as representing normal,
partial loss, and total loss of expression, respectively,
were presented. The final grading in percentages of
the positive staining and their intensity evaluations
showed the highest grading and the middle grading
as 3+ and 2+, representing normal and partial loss of
expression, respectively.

Comparison between conventional and automated
IHC evaluation

Grading score analysis significant asso-
ciation in percentage staining and intensity

The association analyses between conven-
tional visualization and automated IHC visual procedure

according to percentages of positive tumor cell
staining (P) and their intensity (I) were determined
as shown in Table 1. The grade difference from the
three investigators showed the highest consensus
percentage of each protein expression in the same
grade and followed by one grade difference. The total
agreement showed the highest percentage of positive
staining for anti-β2m, anti-heavy chain, and anti-
Tapasin as 100, 98.246 and 97.368, respectively, with
their intensity equal to 100. The results showed
significant association between conventional and
automated IHC evaluation (p-value >0.05, Chi-square)
for MHC class I and Tapasin in percentage of positive
cancer cells, whereas intensity was found (p-value
<0.05, Chi-square) with moderate agreement (p-value
<0.001, kappa) 0.434-0.615 and 0.353-0.554, respectively.

Interpretation scoring significant associa-
tion in summation and multiplication

The association analyses between the
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conventional visualization and automated IHC
visual procedures according to percentages of
summation (S) and multiplication (M) were determined
as shown in Table 2. The degrees of difference from
the three investigators showed the highest consensus
percentage of each protein expression in the same grade
and followed by a different grade. The total agreement
of both summation and multiplication scoring showed
the percentages for anti-Tapasin higher than anti-heavy
chain and anti-β2m respectively. After calculated
values, the results showed significant association
between conventional and automated IHC evaluation
(p-value >0.05, Chi-square) for MHC class I and
Tapasin with the highest agreement level (p-value
<0.001, kappa) of summation 0.595-0.755 and multiply
scoring 0.633-0.689, respectively.

Discussion
The results from the automated IHC staining

were more important to use and be crucial platform to
reduce false positive and negative results. The study
evaluated the manual or conventional IHC visual
interpretation of MHC class I expression composed of
heavy chain and β2m, and showed that localization
of MHC class I expression patterns resulting for protein
expression presented as membranous and cytoplasmic
patterns. The findings were similar to a previous study
that proposed an MHC class I loss of expression in
various cancers(12,13), especially in CXCA(14). The results
noted that a loss of MHC class I expression may be
related to advanced invasive CXCA or poor prognosis
outcome of progression in an advanced stage, rather
than an early stage of invasive CXCA. Nevertheless,
this study did not show prognostic factors associated
with their expression nor the clinical outcome of
progression. This study’s examination found that the
β2m showed higher expression than heavy chain. The
results supported that β2m is not only a compartment
of MHC class I molecule but also exists in other
molecules such as MICA associated with NK cells or
CD1 resulting for antigen presentation of lipid(15,16). This
study also evaluated an automated technique for visual
scoring analysis the IHC staining on TMA slides. The
evaluation was similar to previously defined measures
of scoring IHC slides such as the Allred score and the
HSCORE(1,5,16). This study’s findings noted that the
analyses of automated IHC visual method on MHC
class I and Tapasin expression is feasible to score
considers. The researchers proposed that this method
can be used for further routine applications and showed
automated scoring gives internally consistent results

within a given tissue sample.
The present study compared the automated

IHC visual analysis with conventional IHC scoring-
standard procedure, and found that multiplication
scoring gave more association with the automated IHC
visual analysis than summation scoring (data not
shown). This is similar to the study of Rizzardi et al of
a comparison between manual and automated
grading(5). The present study found that the automation
was a more sensitive method, involved less time, high-
throughput and gave reliable results, and its findings
were similar to various previous reports that proposed
that automation should be suitable for further IHC
evaluation(17-19). However, the present study’s results
did not show any association between MHC class I
and Tapasin expression with the clinical outcomes of
invasive CXCA progression. The establishment of
significant differences in prognostic ability between
the scoring according to MHC class I loss of expression
requires further investigation.

Conclusion
The automated IHC comprising of advanced

protocols, reliable results, high-throughput, should be
used for the further standard, routine analyses. The
automation software for IHC visual scoring and
interpretation can be used for the determination of
MHC class I and Tapasin in CXCA. However, an
appropriate sample size and design of staging coverage
as well as clinical prognosis outcomes of progression
should be used in further investigation.
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What is already known on this topic?
IHC and manual visual scoring are regarded

as common routine technique for protein marker
detection in clinical laboratories. Application of
automation visual scoring and interpretation for
molecular detection is still limited.

What this study adds?
We proposed to use automated visual scoring

for routine work in further molecular, clinical pathologic
assessment.
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