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Why Chromogenic Multiplex
Immunohistochemistry?

Targeted immunotherapies, both novel
and effective, have become pivotal to

the clinical management of patients

with various types of cancer™®. Multiplex
immunohistochemistry (mIHC) has
emerged as a powerful technology in

the field of immuno-oncology and has
become a standard tool for biomarker
studies™. This method allows simultaneous
detection of multiple protein biomarkers
on the same tissue section, enabling the
identification of different immune cell
subsets, their activation or exhaustion
state, and spatial distribution in the

tumor microenvironment (TME)™. IHC

has long been the gold standard method
for understanding the in situ expression
patterns of therapeutically relevant proteins

CellCarta- INTRODUCTION

that are prognostic, predictive, or selective
for patient management in targeted
oncology. However, the detection of one
or two proteins no longer provides enough
information to draw effective conclusions
for patient stratification and therapy
guidance.

New demands placed on clinical tissue
specimens, an emphasis on teasing

more information from increasingly small
biopsy material, have further spurred the
development of multiplex IHC strategies.
Here we describe how we optimize and
validate one of our brightfield chromogenic
triplex IHC assays, and how this assay could
be used for future clinical applications

to better predict response to therapy.

Benefits of
Chromogenic mIHC

B Uses a standard light microscope

B Familiar methodologies and
staining characteristics

Established technique with
defined standards

Reduced image size and
associated storage costs
compared to multiplex IF
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Staining scheme for the CD8/GZMB/FOXPS3 triplex IHC assay. g & W T .9 W oee N "
All IHC staining performed on the Ventana DISCOVERY ULTRA s’ ' o o 5, “ B,0'6
autostainer (Roche). TV 0, Y/ » £ Y
CD8/Granzyme B (GZMB)/FOXP3
Chromogenic mIHC Assay
The CD8/GZMB/FOXP3 chromogenic mIHC Since both the FOXP3 and CD8 antibodies
assay is a fully automated assay that has been are raised in the same species (mouse),
developed for use in formalin-fixed paraffin- the triplex IHC assay protocol requires
embedded (FFPE) tissues. The assay involves a stripping step. This step removes the
sequential staining of three unmodified primary FOXP3 antibody and detection system
antibodies from the same or different species. antibodies before the CD8 stain is applied.

Each secondary antibody is raised against
the primary antibody host species and is
conjugated to a reporter enzyme (horseradish
peroxidase (HRP) or alkaline phosphatase
(AP)). Different chromogen substrates are
used for each enzymatic reaction which will
yield a colored product (teal, yellow or purple)
at the site of antibody/antigen binding™2.
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Stages of mIHC development

ASSEMBLE
THE MULTIPLEX PANEL

The order of antibody protein
target and chromogen deposition
is determined. The most effective

utilization of chromogenic
multiplexing is when the proteins
of interest are expressed on
exclusive cell types or unique
subcellular locations.

COMPARE

mIHC ASSAY TO ITS RESPECTIVE
VALIDATED SINGLEPLEX
IHC COUNTERPARTS

Serially stained slides are evaluated
qualitatively by a pathologist (Fig. 2),
and assessed semi-quantitatively
via image analysis software (Fig. 3).

aXaXalke

CellCarta- STAGES OF mIHC DEVELOPMENT

OPTIMIZE

THE SINGLE IHC FOR EACH
TARGET USING POSITIVE
CONTROL TISSUE

Identify the clone, antigen retrieval
conditions, and primary antibody
incubation time for each target'2.

Monoclonal antibodies are ideal due
to their high specificity, batch-to-
batch reproducibility, and minimal
background noise?.

TEST

THE OPTIMIZED CONDITIONS
FOR A SINGLE IHC ASSAY

These conditions are then
combined into a multiplex protocol.
Calibration experiments will be
applied to the assembled multiplex
panel. For each antibody, samples
will be stained with different
dilutions. Increasing dilutions should
result in gradual loss of the IHC
signal. The appropriate dilutions will
be selected to obtain optimal signal-
to-noise ratios.

PRECISION TEST

THE FINAL STAGE OF
MULTIPLEX DEVELOPMENT

Precision testing using serial slides
that are stained with the antibodies
or IgG isotype matched control
(negative control).



TV & (1 hNGw s

s b0t : . |
’ & & ‘ "\,‘ ": A -
2 ‘»’,, v gt - - -
Vd . 2
) v N
. v
L w
o N
»
i
™ %
o
N
Y Ao
-~ :CD8/ /FOXP3
AR & R
L) . u' l. [t
N FECSRTY
ORI, T8 R . 1 (AR FIGURE 2.
o 3 e i 1 . i The optimized mIHC assay is compared against its
" ¥ L INEET BN 4 i. 8 counterpart single-color or other validated brightfield
o ‘w s o3 3 3 assays using serial slides. Left column: CD8 staining
R vj (e ; : b i across 3 serial sections, right column: FOXP3 staining
‘ 3 ,-' 4 - R t across 2 serial sections.
d | 1% “' e
R -‘. . \
) \ ‘
S e 1 :
\ HR"] » N
.\ N W Vage N
. Vil ™
s \ . I
Ny . \f CDs8/ /FOXP3

STAGES OF mIHC DEVELOPMENT - CellCarta




B) Correlation of single GZMB and double

A) Correlation of all CD8 detected objects CD8-GZMB detected object
6000 1400.00
m
5
y=1.1148x + 10.108 . (U]
T R2 =0.9782 o ® P 1200.00 -
£ 5000 (3]
7} c
° . 2 1000.00 A
e e 8
@ 4000 s ~7 y=0.6002x + 11.08
a8 k4 = R? = 0.8592
g A Q% o000 -
0 ey 8 E .
g ° o2 °
o 3000 o3 [
é E g 600.00
i 2”
:COT 2000 @ g -
2 2 400.00 e b
N e I8
o 0] b
5 ) ¢
T 1000 3 200.00
[0 o g
e Z ..
g B Y
& ! 0.00 o
0 200 400 600 800 1000 1200 1400
0.00 1000.00 2000.00 3000.00 4000.00 5000.00 6000.00
. . . Density of single GZMB-objects and double CD8-GZMB-objects on CD8-GZMB-
Density of all CDS-detectec(i;lﬂgﬁ;g)n CD8-GZMB-FOXP3 slide FOXP3 stained slide (cells/mm?)
FIGURE 3.
. . . Comparison of total CD8, GZMB and FOXP3 density (positive cells/mm?)
C) Correlation of single FOXP3 detected objects in serial slides stained for:
A) PanCK/CD8 or CD8/GZMB/FOXP3 (R? = 0.9782)
6000 B) CD8/GZMB or CD8/GZMB/FOXP3 (R? = 0.8592)
C) FOXP3 or CD8/GZMB/FOXP3 (R? = 0.9782)
_ y=11148x+ 10108
T Rz = 0.9782 o .
E 5000
w
E [ ]
3 ..
4000 . . . .
3 ‘,w Interestingly, beyond quantitative image
% e analysis, this chromogenic multiplex
& 3000 assay lends itself well to interpretation
c .
2 o by a pathologist. Our pathology
g o
i 200 team has developed a robust and
5 reproducible scoring algorithm which
5 can be applied to the CD8/GZMB/
2 1000 FOXP3 assay.
(m]

This allows us to quickly assess the
immune phenotype of a tumor biopsy
(desert, excluded, inflamed) as well
(cells/mm?) as characterize the level of CD8
activation as ‘low’ or ‘high’, making it
an ideal partner to your immune therapy
biomarker development strategy.
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Density of all CD8-detected objects on CD8-GZMB-FOXP3 slide
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Clinical Applications

Immunotherapy has revolutionized cancer
treatment™. Despite recent advances,
there are subsets of patients who do not
respond to treatment*’. TME is emerging

as a critical factor in understanding the
relationship between a patient’s immune
system and their cancer’. Numerous studies
have provided strong evidence that immune
cells contribute to determining prognosis®™.

Chromogenic multiplexing assays with
specific biomarkers such as our CD8/
GZMB/FOXP3 triplex can provide
valuable prognostic information.

GZMB is an essential mediator in
lymphocyte activity and is used as a
surrogate marker of activated CD8+ cells.
Studies have shown that the presence of

T cells with dual CD8 and GZMB expression
correlated with a better clinical outcome,
supporting the fact that these immune cells
could represent a predictive biomarker of
response to immunotherapy®®® (Fig. 4).
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FIGURE 4.

Representative images of CD8/GZMB/FOXP3 triplex assay stain
with chromogens (teal, yellow, and purple) and a hematoxylin
counterstain. By combining CD8 and GZMB (double positive), the
density and portion of activated cytotoxic lymphocytes (CTL) can
be assessed. Activated CTLs (CD8+GZMB+ double positive cells)
are prognostic factors in various types of cancers 5891,

We recently published a paper in Nature
Medicine in collaboration with researchers
from the Barts Cancer Institute. The
publication describes a Phase 2 study
looking at neoadjuvent atezolizumab as a
monotherapy before cystectomy in patients
with bladder cancer®. The study analyzed
biomarker expression (IHC and mIHC) of
over 60 paired (pre-treatment vs. post-
treatment) patient samples and concluded
that pre-existing T-cell immunity correlated
with response®.

There was a significant correlation between
presence of CD8+GZMB+ double positive
cells and response in inflamed tumors;
unlike relapsing tumors, which showed

low levels of CD8+GZMB+ cells?.

Early signs of metastasis in colorectal

cancer (CRC) have been associated with low
expression of GZMB and elevated expression
was associated with improved survival®.
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Clinical Applications (con't)

In addition to lymphocyte activation, we
can use our chromogenic triplex assay to
look at suppression of immune activity.
FOXP3 is a canonical transcription factor
necessary for the development and function
of regulatory T cells (Tregs), and their
abundance in tumor infiltrates is associated
with unfavorable clinical prognosis in
certain cancers'®™, The quantification of
FOXP3 Tregs in breast tumors was shown
to be valuable for assessing disease™.
Significantly higher numbers of FOXP3
Tregs were observed in tissues of patients
with in situ and invasive breast carcinomas
as compared to healthy breast tissues™.
Patients with invasive tumors that had

high numbers of FOXP3 T cells had both
shorter relapse-free and overall survival
times™. FOXP3 increased expression in
pancreatic cancers was also associated
with a worse overall survival probability™,

Challenges and Future
Developments

Chromogenic mIHC is recommended

when antigens are confined to different
subcellular compartments (e.g. plasma
membrane, within the cytoplasm or
nucleus)?. One of the most significant
challenges to chromogenic multiplexing

is the spectral absorption characteristics

of the dyes: if more than two colors are
used, even if just two, co-localization at

the pixel-level can confound even the most
sophisticated downstream digital imaging
and image-analysis-based quantitative
tools. Mixing of light-absorbing chromogens
essentially results in such dark signals that
reliable spectral unmixing or quantitation is
impossible. This represents an advantage
of fluorescence-based methods, in which
overlapping signals get brighter, not darker.

There are currently several fluorescence-
based multiplex staining methodologies
(e.g. tyramide signal amplification (Akoya
Biosciences), modified hapten-based
technology (Cell IDx), and DNA barcode
labeling technology (Ultivue)) that have
recently emerged to overcome some of
the limitations of chromogenic mIHC and
are providing new means to increase our
knowledge to better understand the TME™.

CellCarta- CHALLENGES AND FUTURE DEVELOPMENTS



References Contributors

. Multiplex Immunohistochemistry for Molecular and Immune Profiling in Lung Cancer- Susan McCarthy, MS, CLS, MB(ASCP), Scientific Business Director
Just About Ready for Prime Time? Hofman et al. Cancers 2019: 11(3): 283.

. The Society for Inmunotherapy of Cancer Statement on Best Practices for ) ) o i
Multiplex Immunohistochemistry (IHC) and Immunofluorescence (IF) Staining and Dr.Mark Kockx, Chief Medical & Scientific Officer
Validation. Taube et al. J Immunother Cancer 2020: 8(1): e000155.

. Multiplex Immunohistochemistry Accurately Defines the Inmune Context of Sofie Dael HistoScienti
Metastatic Melanoma. Halse et a/. Scientific Reports 2018: 8, 11158. ofie Daelemans, HistoScientist

. Challenges and Perspectives of Immunotherapy Biomarkers and the HistoOncolmmune™ Roos Van Elzen, Assay Development Manager
Methodology. Ung ef al. Expert Review Prec Med Drug Dev 2016:1:1, 9-24. With support from the Histopathology, Imaging, and Quantification (HIQu)

- The Discovery of Blomarkers In Cancer Immunotherapy. George team and pathologists, IHC technicians and assay development team.
et al. Comp Structural Biotech J 2019:484-497.

. Oncology Meets Immunology: The Cancer-Immunity Cycle. Chen et al. Immunity 2013; 39:1-10.

Christopher Ung, Chief Business Officer

Yannick Waumans, Global Head Pathology, Imaging and Quantification

. Clinical Significance of Tumor-Infiltrating Lymphocytes for Gastric Cancer in the Era
of Immunology. Kang et al. World J Gastrointest Oncol 2017: 9(7):293-299.

. Clinical Efficacy and Biomarker Analysis of Neoadjuvant Atezolizumab in Operable Urothelial .
Carcinoma in the ABACUS Trial. Powles ef al. Nature Medicine 2019: 25, 1706-1714. At CellCarta, we have experience

. Low Expression of Granzyme B in Colorectal Cancer is Associated with Signs of Early developi ng a num ber of multi plex
Metastatic Invasion. Salma et al. Histopathology 2011:59(2):207-215.

10. Quantification of Regulatory T Cells Enables the Identification of High-Risk Breast Cancer IHC and IF assays for a varlety

Patients and Those at Risk of Late Relapse. Bates et al. J of Clinical Onc 2006: 24(34). of customers and programs. Our
11. FOXP3 Expression and Overall Survival in Breast Cancer. q epegs
Merloet al. J of Clin Onc 2009: 27;1:1746-1752. multiplex IHC and IF capabilities

12. Prevalence of FOXP3+ Regulatory T Cells Increases During the Progression of Pancreatic Ductal support our partners in drug

Adenocarcinoma and Its Premalignant Lesions. Hiraoka et al. Clin Cancer Res 2006: 15;12(18):5423-5434. d. d | d
13. FOXP3+ Lymphocyte Density in Pancreatic Cancer Correlates with Lymph Node Metastasis. Iscovery, deve Opment’ an

Jiang et al. PLOS ONE: 9(9): e106741. clinical samp|e analysis.
14. Immunohistochemistry for Predictive Biomarkers in Non-Small Lung Cancer.

Mari Kenudson. Translational Lung Ca Res 2017:6(50). o o .

fonal Lung 150) , Visit our website at cellcarta.com

15. Novel Platforms of Multiplexed Immunofluorescence for Study of Paraffin Tumor .

Tissues, Edwin Parra. J Cancer Treatment Diagn 2018; 2(1): 43-53. for our Complete biomarker menu.
16. Cytotoxic T Cells and Granzyme B Associated with Improved Colorectal Cancer Survival in a Prospective

Cohort of Older Women. Prizment et al. Cancer Epid Biomarkers and Prevention 2017:26(4): 622-631.
17. Overview of Multiplex Immunochemistry/Immunofluorescence Techniques in the Era of Cancer

Immunotherapy. Colin et al. Cancer Communication 2020:40(4), 135-153.

For more information on
how CellCarta can partner
with you, please contact us:

ce"ca rta www.cellcarta.com

info@caprion.com
~_ formerly Toll Free: + 1877 776 3443
Caprion-HistoGeneX
ABOUT CELLCARTA
Leading provider of specialized precision medicine laboratory
. . s . HEADQUARTERS
services to the biopharmaceutical industry. Leveraging its
integrated analytical platforms in immunology, histopathology, 141 President-Kennedy Avenue, Suite 5650
proteomics and genomics, as well as related specimen collection Montreal, Quebec, Canada H2X 1Y4
and logistics services, CellCarta supports the entire drug Phone: + 1 514 360 3600

development cycle, from discovery to late-stage clinical trials. The
company operates globally with 10 facilities located in Canada,
USA, Belgium, Australia, and China.
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