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SUMMARY

Background: Immunohistochemical analysis (IHC) of tissue microarray (TMA) slides enables large sets of tissue
samples to be analyzed simultaneously on a single slide. However, manual evaluation of small cores on a TMA
slide is time consuming and error prone.

Methods: We describe a computer aided scoring and analysis (CASA) method to allow facile and reliable scoring
of THC staining using TMA containing 300 non-small cell lung cancer (NSCLC) cases. In the two previous pub-
lished papers utilizing our TMA slides of lung cancer we examined 18 proteins involved in the chromatin machin-
ery. We developed our study using more proteins of the chromatin complex and several transcription factors that
facilitate the chromatin machinery. Then, a total of 78 antibodies were evaluated by CASA to derive a normalized
intensity value that correlated with the overall staining status of the targeting protein. The intensity values for
TMA cores were then examined for association to clinical variables and predictive significance individually and
with other factors.

Results: Using our TMA, the intensity of several protein pairs were significantly correlated with an increased risk
of death in NSCLC. These included c-Myc with p16, mSin3A with p16 and c-Myc with mSinA. Predictive values
of these pairs remained significant when evaluated based on standard IHC scores.

Conclusions: Our results demonstrate the usefulness of CASA as a valuable tool for systematic assessment of
TMA slides to identify potential predictive biomarkers using a large set of primary human tissues.
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INTRODUCTION

Lung cancer is one of the major cancers throughout the
world with high frequency, mortality and little effective
therapy [1]. Lung cancer develops through a multistage
procedure involving a variety of genetic and epigenetic
alterations in different genes [2]. NSCLC accounts for
approximately 85% of all lung cancer subtypes and can
be further categorized into adenocarcinoma (39%),
squamous cell carcinoma (21%), large cell carcinoma
adenocarcinoma (3%), and uncommon types and com-
bined types encompassing the remaining 22% [3]. Nov-
el approaches for screening and treatment have begun to
make a momentous influence on the burden of this dis-
ease and advances in lung cancer screening using low-
dose computed tomography (CT) scans and tissue mi-
croarray (TMA) have confirmed to be profitable [4]. Al-
though intensive research has been conducted, under-
standing and management of NSCLC is only slightly
improved. Meanwhile, comprehensive histopathological
features and identified clinical prognostic factors limit-
ed the prediction of lung cancer outcome.

The TMA is a form of large scale parallel histopatholo-
gy where several hundred tissue specimens are placed
onto a single slide for simultaneous analysis. This tech-
nology commonly uses formalin fixed parafin embed-
ded (FFPE) tissue or acetone-fixed frozen tissue [5].
The development of TMA allows for simultaneous ex-
amination of a large number of samples on the array and
is amenable for protein, RNA, as well as DNA analysis
[6-9]. Gene expression profiles by cDNA microarray
studies have brought new insights into molecular mech-
anisms of diseases [10,11]. However, large scale RNA
analysis on tissues often requires fresh frozen speci-
mens, limiting its application for routine clinical use. In
order for a molecular marker to be readily usable in the
clinical settings, assessment of the candidate gene in
FFPE tissues is desired since they are readily available
and are the primary media of tissue preservation in di-
agnostic pathology. Indeed, TMA is increasingly used
in molecular epidemiology, drug development, and in
determining the diagnostic, prognostic and predictive
value of new tissue biomarkers [12,13]. It has also been
used as a proteomic tool for both basic and clinical in-
vestigation [14].

Recently, automated instrumentations and analytical
tools have been developed to aid the archiving and in-
terpretation of data through digital image analysis.
Technology exists to obtain and store digital images of
stained tissue samples. However, the evaluation of the
antigen expression patterns is mostly conducted manu-
ally [15-18]. Automated analysis is a potentially benefi-
cial tool for complex analysis such as identification of

correlations between multiple protein expressions with-
in a signaling pathway and profiling of the human pro-
teome. It also allows dealing with organizing genetic in-
formation such as structurally correlated single nucleo-
tide polymorphisms (SNPs) [19,20]. Many of these sys-
tems have demonstrated efficiency in TMA image anal-
ysis [21]. However, algorithm modifications, sample
core variations, and normalizations among different ex-
periments remain critical factors that limited its utility
for systematic analysis of TMA images. There are nu-
merous semi automated methods (ACIS, AQUA) to
evaluate expression of proteins on TMA slides but they
utilize double TMA slides one for targeted protein and
another for cytocreatins as housekeeping proteins as a
control for normalizing of computer scores [22-24].
Here we describe a CASA method which allows [HC
staining to be systematically scored. The CASA method
utilizes available digital imaging systems to obtain IHC
staining information and then systematically normalizes
the images to allow accurate representation of the pro-
tein status in the entire cell. This high-throughput meth-
od allows for rapid and robust analysis of protein ex-
pression and association in clinical samples. To test this
approach, we applied CASA analysis using a lung can-
cer TMA containing 150 adenocarcinoma (AD) and 150
squamous cell carcinoma (SCC) cases [25,26].

Using manual scoring in our previous published papers,
we examined 18 proteins involved in the chromatin ma-
chinery [25,26]. In this paper, a total number of 78 anti-
bodies, mostly known to be associated with cancer de-
velopment as well as a set of chromatin remodeling pro-
teins, were subjected to CASA analysis [27]. Associa-
tion of CASA scores together with related clinical data
were analyzed among all antibodies with optimal stain-
ing.

MATERIALS AND METHODS

Clinical samples and NSCLC TMA

Three hundred lung cancer cases (150 pulmonary AD
and 150 SCC cases) were selected from the Armed
Forces Institute of Pathology archive, based on the diag-
nosis and the quality and quantity of the available tissue
on the paraffin block under the approved IRB from as-
sociated institutions. Cylindrical tissue cores with the
diameter 0.6 mm were selected from the original donor
blocks and were extruded directly into the recipient
block with coordinated wells. The details for construc-
tion of the TMA was previously described [25,26]. De-
mographic and clinical data were collected at the time
of block acquisition or through the National Death Reg-
istry record (Table 1). A total of 267 patients had com-
plete clinical information. Survival time and outcome
data were available for 254 patients. The tumors were
staged according to the International Union against
Cancer’s tumor node-metastasis (TNM) classification
and were subtyped and graded according to the WHO
guidelines as previously described [25,26].
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Antibody selection, immunohistochemical staining,
and manual scoring

The primary selection of the antibodies was based on
the knowledge of the protein participation in cancer de-
velopment or chromatin remodeling machinery, [25]
and the transcription factors which facilitated by chro-
matin modifying and remodeling machinery [27]. Then
we considered the commercial availability of the anti-
bodies and reliability of the immunohistochemical
staining. A total of 78 antibodies involving 112 TMA
slides which were used for IHC staining on the TMA
slides were included in the association analysis based
on the quality of the TMA and the IHC staining (Figure
1) (Supplementary Table 1). Many of the antibodies
were known or suggested to be a diagnostic or prognos-
tic marker of cancer, especially in lung cancer [28-33].
Recently, we maintained the unique method for IHC
that enables us to improve the reliability of digital anal-
ysis. We used the same secondary antibodies as well as
visualization reagents (EnVision®+ DAB kit, DakoCy-
tomation, Carpinteria, CA). The detailed protocol for
IHC and manual scoring has been previously described
[25,26].

A pathologist (JF) manually scored all [HC staining in
the TMA prior to CASA analysis. The criteria for the
staining were manually scored as follows: distribution
score was scored as 0 (0%), 1 (1 - 50%), and 2 (51 -
100%) to indicate the percentage of positive cells in all
tumor cells present in one tissue. The intensity of the
signal (intensity score) was scored as 0 (no signal), 1
(weak), 2 (moderate), and 3 (marked). The total of dis-
tribution score and intensity score was then summed in-
to a total score (TS) of TSO (sum 0), TS1 (sum 2), TS2
(sum 3), and TS3 (sum 4 - 5). Throughout this study,
TS0 or TS1 was regarded as negative, whereas TS2 or
TS3 was regarded as positive.

For manual scoring, tissue cores with questionable sig-
nals due to insufficient tumor cells, which were difficult
to distinguish from other inflammatory or interstitial
cells or tissues with homogenously weak signals, were
excluded from further evaluation. Cores with only ne-
crotic tumor cells or tissues with highly homogenous
background were also excluded. Twenty-seven cases
with an intensity score of 3 by all manually tested anti-
bodies were excluded from all analysis. Furthermore,
due to the small size of tissue samples in TMA, approx-
imately 10% of the positive samples could be scored as
negative due to sampling [25,26]. Interpretation of im-
munohistochemistry staining data was based on recog-
nition of signal deposits, brown in most cases, among
specific cells and tissue structures. The general parame-
ters of these analyses include intensity, localization, and
proportion of cells of interest that showed specific stain-
ing. This interpretation is typically qualitative in nature
using negative/positive or 0, 1, 2, 3 scoring systems.
The manual scores for some of the proteins were pub-
lished previously [25,26].

Clin. Lab. 5+6/2015

Optimization and normalization of pixel intensity
values

[HC stained TMA slides were scanned by the Aperio
ScanScope® GL System and reviewed by Aperio Im-
ageScope software (version 7.3.36). The slide images
were transferred to Aperio-TMA lab image analysis
software (version 7.0.1.235), dearrayed back to individ-
ual cores and analyzed using the Aperio’s Pixel Count
Algorithm in the TMALab image software. The algo-
rithm obtains a pixel intensity value of DAB dye
(brown color) regardless of subcellular localization
(Figure 2). To improve the protein staining signals, pix-
els within the minimum pixel intensity (scale 1 - 50)
were excluded from the algorithm because they repre-
sented the nonspecific anthracotic dust deposit or DAB
accumulated particles. Then the maximum pixel range
(scale 190 - 220) were excluded from the algorithm be-
cause they represented HRP/DAB deposition particles
on TMA slides or stromal cells staining which were
near to background. Thus, the final specific brown
stains representing the targeting protein in the sample
were calculated as a sum of all pixels with the intensity
between 50 - 190.

The normalization steps included: I) exclusion of miss-
ing cores or cores that were too small to be analyzed
(pixel count < 200,000 or approximately < 20% max
pixel, involving ~10% cores/slide), II) size normaliza-
tion to adjust for size variations among the core sam-
ples. We normalized based on the average pixel count
of the full core (1,000,000 pixels) using the formula:
size normalized score = intensity of brown color x
(1,000,000 pixels/number of pixels in the core), and III)
intensity normalization to adjust for staining intensity
differences among the experiments and slides. The aver-
age of 78 IHC stains had a maximum value of
120,000,000. Thus all cores are adjusted based on ratio
to 120,000,000 using the formula: intensity normalized
score = size normalized score x (120,000,000/maximum
value in the slide).

Statistical analysis

To evaluate the overall performance of CASA scores,
receiver operating characteristic curve analysis (R.0.C
Analysis software, Department of Radiology, Johns
Hopkins University) was performed. The 0, 1, 2, and 3
routine pathology scores were converted to negative (0
or 1) or positive (2 and 3) for survival analysis. The
manual scores (negative/positive) of 19 proteins that
had been previously analyzed [25,26] were compared
with CASA scores using the ROC method. In addition,
eight duplicated TMA slides were stained using the
same antibody and method to determine the overall cor-
relation coefficient among different array slides. The as-
sociation of each protein with common clinical vari-
ables was explored using two-tailed #-test and assuming
equal variance after log transfer of CASA scores. P
< 0.01 was considered significant. Association of clini-
copathological factors such as age, gender, stage, and
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histology type were considered statistically significant
if p <0.01 for the two-tailed #-test.

Cox Proportional-hazards survival regression was per-
formed individually for each marker using log-trans-
formed CASA scores by Epi Info (version 3.3.2).
Wald’s p-values were considered significant in protein
markers and in clinical variables: age, gender, stage,
and histology were significant if p < 0.01. Stepwise Cox
Proportional-hazards survival regression was performed
by SAS (version 8.02) in a forward model. Pathway
classifications of 78 antibodies were obtained based on
Ingenuity Pathway Analysis (IPA). Proteins of the same
cluster and clinical factors (age, gender, tumor stage,
histology) were entered together for multivariate analy-
sis and then followed by forward stepwise analysis until
the highest significant likelihood ratio was reached.
Pair-wise Cox Proportional-hazards survival regression
was performed among the set of proteins identified by
forward stepwise analysis. A likelihood ratio test was
used to calculate p-values; those less than 0.01 were
considered significant. Log-transformed CASA scores
for each group of IPA antibodies were subjected to mul-
tivariate COX regression analysis and only proteins
with a Wald’s p-value < 0.01 were further compared
with other proteins within the same cluster. Kaplan-
Meier curves were used to estimate survival probability
of paired proteins obtained from COX analysis using
manual scores. The Wilcoxon test was considered sig-
nificant if p < 0.05. Manual scores of 0 and 1 were re-
garded as low expression and manual scores of 2 and 3
as high expression.

Cluster analysis

A list of 78 gene symbols were subjected to Ingenuity
pathway analysis (IPA) to assess the biological and
functional relationships of the proteins in this study (In-
genuity IPA, Application Version: 6.3, Content Ver-
sion: 1402).

For correlation analyses, hierarchical clustering (version
1.60) was used. Log transformed CASA scores of 78
antibodies were clustered using complete linkage clus-
tering after 90% filtering and median center normaliza-
tion. Finally, 55 TMA slides manually scored by J.F.
were subjected to hierarchical cluster analysis.

RESULTS

Acquisition of CASA scores from immmunostained
lung tissue microarray

We used the Aperio imaging algorithm to digitally ac-
quire immunostaining images for each of the tissue
cores present in a tissue microarray containing 300
NSCLC tumors. The algorithm of image software was
modified before reading the image values. This type of
software adjusts to count the image pixels from one to a
scale based on the intensity of the color of the DAB-
complex. We found that the only pixels within the mid-
dle part of the scale will represent the specific staining

of protein. Thus, pixels within the maximum pixel in-
tensity (scale 1 to 50) were excluded from the algorithm
because they represented the nonspecific anthracotic
dust deposit or DAB accumulated particles. Then the
minimum pixel range (scale 190 to 220) was excluded
from the algorithm because it represented HRP/DAB
deposition particles on TMA slides or stromal cell stain-
ing which were near to background (Figure 2). The
modified pixel intensity value for each core was then
normalized to adjust for a core size at 1,000,000 pixels/
core. Because of the variation in intensity among the
slides varied greatly (72,000,000 - 172,000,000 pixels/
slide), we normalized the maximum pixel count to the
average of 120,000,000 pixels/slide for all slides to
minimize variations in staining intensity among experi-
ments. Furthermore, tissue core images with a pixel
count < 200,000 were removed from digital scoring be-
cause they lacked sufficient tissue for scoring. This
filtering retained 90% of the cores for further analysis
compared to ~85% retention for manually scored slides
(Figure 3a and 3b).

Reproducibility and reliability of CASA

The robustness of the CASA approach was evaluated
using ROC curve analysis by comparing the CASA
score from 19 proteins to the manual scores of the same
IHC stained slide as generated by a trained pathologist.
A maximum CASA score of 120,000,000 for a tissue
core is equivalent to a manual pathology score of “3”.
However, we could not determine a cutoff in the contin-
uous CASA scores from one to 120,000,000 to dich-
otomize CASA scores into two groups (negative and
positive) or into four groups to show how they were
equivalent to 0, 1, 2, and 3 manual scores (Figure 3a
and 3b). The results of ROC curve analysis showed that
the classification of samples using the CASA method
had a similar degree of accuracy as compared to those
scored manually (manual method is being used as the
gold standard) (Figure 3c). The areas under the receiver
operator curves of pl6 and c-Myc proteins for manual
scoring were 0.922 and 0.899, respectively. Similar
analysis for 19 additional proteins showed 80% to 90%
concordance (Figure 3c).

The clinical association of 55 manually scored TMA
slides as well as hierarchical clustering was compared to
the same slides of CASA scores. The results showed
nearly identical results to those obtained using manual
scorings versus CASA, demonstrating that computer-
aided scoring analysis was comparable to manually
scoring.

Because each TMA slide represents a distinct tissue
area in the analysis, we also examined the reproducibili-
ty of CASA analysis by comparing the intensity scores
on 10 slides with four different antibodies. We tested
the variability of core to core using 3 or 2 TMA slides.
This was performed by unique runs of the same tissues
of lung cancer patients on different slides. Three TMA
slides each were tested for XPC and PGP9.5 and two
slides each were tested for TGFBR1 and FOXMI.
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FOXMI1 a and b, XPC a, b, and c slides were tested
from the same TMA paraffin block but TGFBRI1 a and
b, PGP9.5 a, b, and c slides were from different TMA
paraffin blocks. Under the same staining conditions the
correlation coefficient of each duplicated experiments
ranged from 64% for FOXMI to 99% for XPC suggest-
ing that the digital value generated by CASA is repro-
ducible (data not shown).

Association of CASA scores with clinical variables
The primary objective of our work was to systematical-
ly examine whether biological molecules can be identi-
fied as a diagnostic or prognostic marker for cancer.
Among 78 tested antibodies we found that LY-GDI was
the only protein with a preference for patients greater
than 60 years old (p = 0.0048). This is consistent with a
previous report [34]. The expression of a few proteins
(p16 and Her2) showed marginally significant associa-
tion with age and gender (p < 0.05) (Supplementary
Table 2). High expression of pl4 and RB among our an-
tibodies appeared to be significantly associated with the
early stage (stage I and II, p < 0.01) (Supplementary
Table 2). This is in line with several reports that docu-
ment pl4 and RB as tumor suppressor genes in lung
cancer [35-37].

The CASA scores for 29 proteins showed significant as-
sociation with histology subtype (p < 0.01). Of those,
20 proteins, the proteins such as TGFBR2, GSK3B and
HER-2, were expressed significantly higher in adeno-
carcinomas while 9 proteins were expressed significant-
ly higher in squamous cell carcinoma (Supplementary
Table 2). The p63 gene, which is located in a region fre-
quently amplified in squamous cell lung cancer, was
one of the most significant factors in these tumors based
on CASA scores. In addition, markers commonly
known to be associated with particular NSCLC sub-
types, thyroid transcription factor-1 (clone SPT24) and
high molecular weight keratin (clone 34BE12), also had
the most significant association to adenocarcinoma and
squamous cell carcinoma, respectively (Supplementary
Table 2). Similarly, HDAC2 and P-cadherin have not
been known to be associated to squamous cells of lung
cancer.

Hierarchical and ingenuity clustering in manual and
computer aided scoring

We also subjected the CASA scores for all antibodies to
hierarchical cluster analysis and ingenuity cluster analy-
sis. A hierarchical cluster of 55 manually scored pro-
teins was identical to the CASA scored protein. Com-
parison was performed between 78 proteins of hierar-
chical versus ingenuity cluster and the results showed
the identity of both methods. For example, the Smad
family of proteins and Desmoglein family of proteins
were clustered together. However, we chose Ingenuity
cluster data for statistical analysis because it more
closely reflects a biological association rather than cor-
related expression. After log transformation, CASA val-
ues for all 78 antibodies were entered into IGA and sub-
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jected to classification based on the known molecular
pathway associated with the tested proteins (Supple-
mentary Figure 1).

Utilization of CASA to identify proteins that are as-
sociated with clinical outcome

We also tested whether CASA values could be used to
identify candidate markers through association with pa-
tient survival. Among 300 samples subjected to TMA,
254 patients had complete clinical follow up (Table 1).
Survival analysis was performed by Cox proportional-
hazards model using log-transformed CASA scores. A
total of 78 antibodies were entered with clinical charac-
teristics such as gender, age, tumor stage, and histology
(Table 2). Tumor stage was associated with a hazard
risk of 1.33 (p < 0.0008) reflecting the association of
advanced stage and reduced survival in NSCLC patients
and is consistent with our Kaplan-Meier data reported
previously [25,26]. In addition, male patients had mar-
ginally significant reduced survival compared to fe-
males (p = 0.018, HR 1.54). When considered individu-
ally, most antibodies did not have statistically signifi-
cant prognostic values (Table 2).

We next performed stepwise analysis and multiple re-
gression analyses based on the biological pathways
identified by IPA analysis. Proteins in each of the five
IPA groups were evaluated jointly or in pairs in the
presence of commonly considered clinical factors using
the Cox regression model. Of the IPA Cluster II consist-
ing of 23 proteins, seven (pl6, GGH, c-Myc, mSin3A,
BAF155, BAF170, Talin) were jointly predictive for
survival when considered together with tumor stage and
gender.

To further identify the most informative factors, we
evaluated their significance in pairs for overall patient
survival (Table 3). The combination of c-Myc with p16,
mSin3A with pl6, c-Myc with mSin3A, and Her2 with
Maspin showed significant association to survival (p
< 0.01). Hazard ratios of these combinations showed
that high c-Myc with low p16, high mSin3A with low
p16, high c-Myc with high mSin3A, and high Her2 with
low Maspin each had significant association to reduced
survival (Table 3). The predictive significance remained
strong when only Stage I patients were considered.

Correlation of pair-wise Cox analysis using CASA
with patient survival using manual IHC scores to
test the reliability of clinical outcomes obtained from
CASA

Although highly informative, we recognize that CASA
scores cannot be easily applied to clinical settings at this
point, because of the need for another device to dichoto-
mize continuous CASA scores. We therefore performed
the Kaplan-Meier survival analysis of the predictive
proteins identified through Cox analysis using IHC
scores of the same TMA slides assessed by a patholo-
gist. Consistent with Cox analysis, combinations of low
pl6 with high c-Myc and low pl16 with high mSin3A
were associated with worse overall survival in all pa-
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Table 1. Clinical Characteristics of NSCLC patients.

Variable Category No. of patients * (%) Median survival (years)
Female 72 (27%) 4.7
Gender
Male 196 (73%) 3.9
Age <60 78 (29%) 4.3
(mean = 64 +9) > 60 189 (71%) 4.0
I 142 (64%) 4.5
1 38 (17%) 4.3
Stage
11 33 (15%) 3.2
v 10 (4%) 2.6
Adenocarcinoma 150 (50%) 3.8
Histology
Squamous cell carcinoma 150 (50%) 4.5
Alive 63 (25%) 7.0
Tumor related 49 (19%) 2.4
Dead Other cause 20 (8%) 3.6
Unknown 123 (48%) 3.4
Follow up Median 254 4.1

* Indicate the number of available patients in each category.

Table 2. Cox proportional-hazards model of individual variables.

Individual variables Hazard ratio 95% C.I. Coefficient S.E. Z-Statistic Wald's p-value
Gender 1.5338 1.0765 - 2.1853 0.4277 0.1806 2.3679 0.0179
Age 1.0111 0.9948 - 1.0277 0.0111 0.0083 1.3328 0.1826
Histology 0.9152 0.6862- 1.2206 -0.0886 0.1469 -0.6032 0.5464
Stage 1.3325 1.1264 - 1.5763 0.287 0.0857 3.3478 0.0008
pl6 0.6741 0.4956 - 0.9168 -0.3944 0.1569 -2.5132 0.012
Her2 1.6902 1.1148 - 2.5626 0.5248 0.2123 2.4716 0.0134
mSin3A 2.1995 1.0138 - 4.7719 0.7882 0.3952 1.9947 0.0461
Cyclin B1 2.9093 0.9943 - 8.5125 1.0679 0.5478 1.9495 0.0512
BCL2 0.6086 0.3672 - 1.0086 -0.4966 0.2577 -1.9268 0.054
c-Myc 1.5973 0.9919 - 2.572 0.4683 0.2431 1.9266 0.054

Cox proportional-hazards using four clinical factors and 6 proteins with lowest Wald’s p-values. The proteins were listed by increasing p-val-
ues from p16 to c-Myec.

Table 3. Summary of pair-wise COX multivariate regression.

Protein All patients Stage I patients
name Hazard ratio 95% C.I. Likelihood p-value Hazard ratio 95% C.I. Likelihood p-value
¢-Myc 1.43 0.88 - 2.33 001 1.95 0.99 - 3.80 <001
pl6 0.66 0.48 - 0.90 0.49 0.31 - 0.79
mSin3A 2.15 1.03 - 4.47 <001 2.11 0.66 - 6.70 <001
pl6 0.63 0.46 - 0.69 0.53 0.3 - 0.84
¢-Mye 1.69 1.04 - 2.76 <001 2.29 1.12 - 4.70 0.0206
mSin3A 2.24 1.08 - 4.65 2.16 0.69 - 6.80
Her2 2.10 1.35-3.26 001 2.50 1.26 - 4.96 001
Maspin 0.47 0.17 - 1.34 0.15 0.03 - 0.75
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Lung Tissue Microarray

{

Immunohistochemical Staining
Using 78 Antibodies

V

Scanning and Dearraying

{

CASA Scoring by Aperio TMALab

{

Association with Clinical Variables
Using COX Regression

Figure 1. The schematic outline of computer aided scoring and analysis (CASA) using lung cancer TMA.

Figure 2. Example of two representative cores with black artifacts measured by positive pixel count algorithm.

a) The THC staining of original images, brown color - IHC staining of target protein, blue color - hematoxilin staining, b) Original algorithm,
orange color - area counted for pixel intensity values 1 - 220, ¢) The modified algorithm using pixel intensity values 50 - 190. Note the nonspe-
cific black areas were excluded from pixel counting.
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Figure 3. Comparison of manual and CASA scores.

Manual and CASA scores were compared in p16 (left panel) and c-Myc (right panel). Patients are sorted based on increasing of manual (a) or
CASA scores (b) on X-axis. The CASA scores of 120,000,000 is equivalent to pathology score of “4” in manual scores. Arrows indicate negative
and positive cutoff using manual scores. ¢) R.O.C curve of each pair of manual scores and CASA score in same score. The fitted R.O.C areas

are as shown. R.O.C. curve analysis demonstrated the concordance of the two methods at 92% for p16 and 85% for cMyec.
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Figure 4. Survival analysis by Kaplan-Meier curves using manual scores for all patients (left) and stage I patients (right).

Wilcoxon test was considered significant if p < 0.05. Manual scores 0 and 1 were considered as low and scores 2 and 3 were considered as high
expression. a) Survival difference for patients whose tumors had high c-Myc and low p16, b) high mSin3A and low p16, and c¢) low p16 with

high c¢-Myc or high mSin3A.

Clin. Lab. 5+6/2015



Expression Analysis of p16, c-Myc and mSin3A in NSCLC by CASA

tients (p = 0.018 and 0.001, respectively) and in Stage I
patients (p = 0.0018 and 0.0006, respectively) (Figure
4). Furthermore, when the status of three proteins, p16,
c-Myc, and mSin3A, was evaluated, low pl16 with high
c-Myc or high mSin3A was associated with reduced
overall survival in all patients and in Stage I patients (p
=0.0001) (Figure 4).

DISCUSSION

Using NSCLC TMA we described here a novel screen-
ing system for evaluation of potential diagnostic and
prognostic markers in cancer. We demonstrated that this
semi-automated method can provide robust and reliable
scoring for a large number of tissue cores present in a
TMA. Beside eliminating the tedious task of manual
scoring, CASA analysis provides the continuous high
resolution scores that manual analysis does not. Thus
the assessment on a continuous scale is superior to arbi-
trary scoring categories by a pathologist.

CASA, with a good resolution of scores, can calculate a
biologically meaningful association of analysis that the
manual scores cannot. Furthermore, it can help to iden-
tify markers that are associated to a particular patient
population, histology type or particular cancer stage.
Our stepwise analysis using the five clusters of 78 pro-
teins showed that expression of some antigens were
more closely associated to poor prognosis depending on
gender, cancer stage, and cancer type. Our univariate
analysis showed that expression of pl6 and Her2 are
marginally significant predictors for survival (Table 2).
Further analysis using multiple proteins in the same mo-
lecular pathway suggests that pl6 in combination with
c-Myc or mSin3A is a strong predictor for survival
(Figure 4).

Utilization of paired proteins in predicting prognosis
has been recently documented [38,39]. Others have
shown that the p16 protein decreases activity of c-Myc
[40,41] and that binding of the p53 response element by
c-Myc and mSin3A occurs in the MCF7 breast cancer
cell line [42]. Our finding supports the suggestion that
mSin3A may act closely with pl6 and c-Myc in
NSCLC. Our results suggest that the combinations of
paired proteins could have significant association with
patient outcome. This is supported by the complex na-
ture of cancer development as a result of the activation
of oncogenic signals and down regulation of tumor sup-
pressor gene functions [43,44].

Strength and limitations

The major strength of the CASA method is its ability to
perform a systematic and high throughput TMA analy-
sis utilizing scanned images and facilitate complex sta-
tistical analysis. The normalization method for automat-
ed scoring here is less complicated and more reliable
because of the exclusion of the minimum pixel range
(scale 190 to 220) from the algorithm which represented
stromal cell staining. Thus to remove stromal cells from
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reading, it is not necessary to stain double slides, one
for the targeted protein and another for cytokeratin to
normalize the scores [22-24]. In this study, we were
able to confirm the reliability of CASA through Kaplan-
Meier survival analysis using manual IHC scores of the
same slide (Figure 4). However, independent validation
will be needed to fully assess the findings from CASA
since the current algorithm only measures the overall
protein staining status disregarding subcellular localiza-
tion and potential protein modification. In addition, in-
tensity scores are also subject to errors when protein
staining is less than highly specific to the tumor cells.
Another limitation of CASA is that the digitalized
scores cannot yet be easily applied to establish a clini-
cally usable standard unit, and it is not yet possible to
dichotomize CASA scores for the widely used Kaplan-
Meier survival analysis. New statistical methods will
have to be established to take full advantage of the con-
tinuous and highly informative digital scores for clinical
usage. Finally, all IHC based evaluations are subject to
the quality and specificity of the antibody, the nature of
the antigen under investigation, and the morphology of
the primary cancer being analyzed.
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Supplementary Table 1. List of 78 antibodies used in CASA analysis.

Name of antibody Name of antibody Name of antibody
1 AE1/AE3 27 Desmoglein-2 53 P16
2 Annexin 28 Desmoglein-3 54 p21
3 BAF155 29 Dsql 55 p27
4 BAF170 30 Dsq2 56 p300
5 Bcatenin 31 E-Cadherin 57 P63
6 BRCA1 32 FAS 58 P-cadherin
7 Brgl 33 FOXM1 59 PCNA
8 Brm 34 GGH 60 PGP
9 Brql 35 GSK3-B 61 PGP9.5
10 C20 36 HAT1 62 PTPN13
11 CC10 37 Hck 63 Rb
12 CD99 38 HDAC1 64 RbAP48
13 CDC20 39 HDAC2 65 Smad 2
14 CDK2 40 Her2 66 Smad 3
15 CEA 41 Hsnf2H 67 Smad 4
16 C-erbB3 42 Ini-1 68 Smad 6
17 c-Jun 43 JAB1 69 Smad 7
18 c-Myc 44 K903 70 Snf2H
19 CPE 45 LaminB 71 SNIP
20 Cyclin B1 46 LKB-1 72 Talin
21 Cyclin E 47 LY-GDI 73 TGFB
22 CyclinD1 48 Mad2 74 TGFBR1
23 Cytochrome C 49 Maspin 75 TGFBR2
24 DES1 50 mSin3A 76 Tip60
25 DES3 51 nm23 77 TTF1
26 Desmoglein-1 52 pl4 78 XPC
Supplementary Table 2. Association of antibody staining status with clinical factors.
Female vs. Male pl6
Gender <0.05
Male vs. Female CDK2, DES1
Age > 60 years vs. < 60 years LY-GDI <0.01
< 60 years vs. > 60 years TGFB-R1, C-erbB3, BRM <0.05
Stage Stage I, II vs. Stage III, IV P14, RB <0.01
TTF1, TGFB-R2, GSK3-B, Her2,
CC10, CycB1,
Adenocarcinoma vs. Smad-2, p27, Smad4, Smad7,
Squamous cell carcinoma p21, PTPN13, CEA, CPE, BRGI1,
Histology Smadé, NM23, HCK, JABI, <0.01
FAS, p16
Squamous cell carcinoma vs. K903.’ P63, HDAC2, .
Adenocarcinoma P-cadherin, CD99, Annexin,
DES3, DES1, Cytochrome-C

Variable category highly expressed proteins p-value (#-test) *.
* - Two-tailed #-test and assuming equal variance after log transformation of CASA scores, p < 0.01 is considered significant.

12

Clin. Lab. 5+6/2015



Expression Analysis of p16, c-Myc and mSin3A in NSCLC by CASA

Supplementary Figure 1. The CASA scores subjected for all antibodies to hierarchical cluster analysis.
Hierarchical cluster of 55 manually scored proteins was nearly identical to the CASA scored protein. Left panel is hierarchical cluster of

manual scores and right panel is hierarchical cluster of CASA scores. Similarity of each paired sub-cluster is shown with the same color in
each panel.
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