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The Hallmarks of Cancer: The tumor microenvironment …

“… the biology of a tumor can only 
be understood by studying the 
individual specialized cell types 
within it as well as the ‘‘tumor 
microenvironment’’ that they construct 
during tumorigenesis.”

“… subclasses of B and T lymphocytes 
and innate immune cell types can 
mount demonstrable tumor-killing 
responses. The balance between the 
conflicting inflammatory responses 
in tumors is likely to prove 
instrumental in prognosis and, quite 
possibly, in therapies.”

The complex relationships of cells in and around a tumor are an important aspect of cancer
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Existing technologies are insufficient …

… to analyze the distributions of specific immune cells in tumors

H&E image

All lymphocytes Single-marker cells

Standard technologies 
deliver either:
 phenotype with no morphology 

 morphology with no phenotype

Flow cytometry of disaggregated 
fresh tissue

Digital PCR of homogenized tissues Standard pathology analysis

CD3 IHC
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Multiple ways to activate, or re-activate, the immune response

A complicated tumor microenvironment landscape
From: Ott, et al, 2013

With the complexity of the 

immune system and the 

phenotypic variation, coupled 

with the need to effectively 

stratify responsive tumors,  

multiplexed methods for 

accurate phenotyping are 

required. 
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Immune Cell Phenotyping in Solid Tissues

Multiplexing in standard FFPE biopsies

Fluorescence microscopy can enable cellular phenotypes to be 
visualized and quantified simultaneously in the same tissue section, 
enabling researchers to study the relationships and distribution of 
these cells within tumors and within the tumor microenvironment

Quantitative Pathology Solutions

For each piece of the puzzle

Staining
Strategies

Imaging 
Strategies

Image Analysis 
Strategies

Automation 
Strategies

Multicolor IHC and IF

Opal™ Multiplexing Kits

TSA Plus™ reagents

Quantitative 
Multispectral Imaging

Vectra® Automated 
Quantitative Pathology

Imaging System

Mantra™ Quantitative 
Pathology Workstation

Advanced Image 
Analysis Software

inForm® Tissue Finder™

Whole slide and TMA 
imaging

Vectra® Automated 
Quantitative Pathology

Imaging System
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Opal™Multiplexed Immunofluorescence Protocol 

Heat-induced epitope retrieval (HIER) treatment (in 
this case using a microwave oven) between detection 
of each target eliminates antibody cross-reactivity
 HEIR step removes 1° & 2° antibodies

 TSA signal stays because it is covalently bound

TSA: Tyramide Signal Amplification

Applicable to current  IHC and IF methods

Multispectral imaging
 Enables quantitation of overlapping fluorophores

 Removes limits to multiplexing

Gives capacity to Tissue Analysis and quantitative 
stategies

Scalable approach for higher level multiplexing

• Zsuzsanna E. Tóth & Éva Mezey (2007). 
Simultaneous Visualization of Multiple Antigens 
with Tyramide Signal Amplification using 
Antibodies from the same Species. Journal of 
Histochemistry and Cytochemistry; 55 (6): 545-554

• E Stack et al (2014)
Multipled Immunohistochemistry, imaging and 
quantitation: A review with as assessment of
Tyramide Signal Amplification multispectral 
imaging and multiplex analysis
Methods 70; 46-58

Vasopressin (rabbit)
Tyrosine Hydroxilase (rabbit)
CRH (rabbit)

How Does Opal Improve IHC - Multiplexed Staining
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find tumor measure proteinsfind tumorall markersHer2ki67PRERDAPIsimulated H&E
ER+
(23%)

PR-
(4%)

Ki67+
(16%)

Her2+
(100%)

Imaged with Vectra®, quantified with InForm®

Her2

ER ki67

PR

Multiple Standard IHC 
Often requires one section for each antibody

The Opal Method and Multipexed IHC
Allows multiplexed staining on a single section
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The OPAL™ Process – fluorescent multiplexing

Antigen A

Antigen B

Antigen C

Antibody A (Rabbit)

Antibody B (Rabbit)

Antibody C (Rabbit)

HRP-conjugated

Anti-Rabbit IgG

or Superpicture

Fluorochrome –

tyramide

Tissue section

MW

TSA enables us to use multiple antibodies raised in the same species in the

same tissue section (or even the same cell compartment)

What is Opal – its an IHC workflow 
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Step 1:

Slide Preparation

Step 2:

Epitope Retrieval

Step 3:

Blocking

Step 4:

Primary Antibody Incubation

Step 5:

Introduction of HRP

Step 6:

TSA Plus

Step 7:

Antibody stripping via microwave treatment

Step 8:

Counterstain and Mount

Repeat until all targets of interest 

are detected, using a different 

TSA Fluorophore for each one.
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Challenges of multiplexed labelling

Autofluorescence from FFPE  masks marker signals

Weak signals low abundance, long exposures

Photobleaching

Antibody species interference conventional indirect labeling requires 
different species

Imbalanced signals reduces effectiveness of unmixing, especially 
when imbalances get to > 10x 

These issues make multiplexed analysis of FFPE hard
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Analyzing samples stained with multiple colors

 Multiplexed stained samples are difficult to interpret

– Colors blend together and are difficult to resolve

– Expression patterns are hidden by colocalization

– Visual assessment is qualitative at best

– Autofluorescence is also present in FFPE samples

 Solution: 

– Widefield Multispectral microscopy separates multiple markers in brightfield and fluorescence

– trainable pattern recognition automates segmentation of images into tissue compartments 
and collects per cell data for phenotyping, but retains spatial distribution information

Monochrome Color (RGB) Multispectral
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TH, TC and B cell panel in breast cancer
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As seen down the microscope – result obscured by crosstalk and autofluorescence
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TH, TC and B cell panel in breast cancer

CD4 (red); CD8 (magenta); CD20 (green), CK (yellow), DAPI (blue)
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Why multispectral imaging?

…but their 
spectra are 
distinct

These two 
yellows are 
identical…

Spectra

650 nm

625 nm

600 nm

575 nm

Acquiring a series of narrow-band monochrome images leads 
to a spectrum of the sample at each pixel
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1. Take images at different wavelengths with a CCD

5 Quantum dot vials
525, 565, 585, 605 and 655 nm

550 nm

2. Assemble the data into a “cube” in memory

3. This creates a spectrum at every pixel of the CCD

x

y

z
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Multispectral data acquisition using an LCTF

Wavelength ranges:
420 to 720 nm visible spectrum and 780nm (CY7)

Features:
– Electronically tunable bandpass filter

– Fluorescence or absorption spectra

– Excellent image quality – no pixel shift, no moving parts

– Equivalent to 182 filters in a single filter wheel!

– Rapid tunability

– Simultaneously measures full spectrum at each pixel

– Software-selectable bandpass: 10 nm or 20 nm

Liquid crystal tunable filter

Nuance composite image

What is spectral unmixing?

RGB image calculated from spectral image data

Nuance unmixed images

simulated fluorescence image

18
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Expands the power of fluorescent markers

19

Fluorescence 
provides:

 Improved linearity and 
dynamic range

 Higher levels of 
multiplexing

 Greater sensitivity

 Potentially easier 
protocols (direct labeling)

 Improved quantitation

Challenges of 
fluorescence:

 Autofluorescence in fixed 
tissue

 Doesn’t look like 
brightfield IHC

 Overlapping fluorophores But we can address all of these 
problems!

Mantra Quantitative pathology workstation

FFPE kidney section stained with FITC for C4d

Mantra and Vectra spectral systems greatly improve contrast

20
C4d (FITC) in FFPE kidney, Chris van der Loos

Unmixed FITC image

Up to 100x better signal to noise

FITC composite image

Monochrome (530 nm) imageColor (RGB) image
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Distinguish 4 signals using chromogens in brightfield 

Hematoxylin

Ki67—red
cell cycle marker

pHH3—brown
Phospho-histone 3
cell cycle marker

CC3—gray
Cleaved-caspase 3
Anti-angiogenesis met. 
suppressor

PerkinElmer Nuance® multispectral imaging system & ACD RNAscope® multiplex kits
Colon cancer FFPE: conventional color and composite color

PolR2A PPIB UBC
22
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RGB image

DAPIEGFRAutofluorescence phospho-EGFR

EGFR (FITC) and phospho-EGFR (Cy3) in skin tissue

Increased sensitivity enables the imaging of weakly expressing antigens
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Nuance composite image

Nuance image: EGFR green, p-EGFR red

Research Use Only
Not for use in diagnostic procedures.

Quantitative Pathology Solutions

For each piece of the puzzle

Staining
Strategies

Imaging 
Strategies

Image Analysis 
Strategies

Automation 
Strategies

Multicolor IHC and IF

Opal™ Multiplexing Kits

TSA Plus™ reagents

Quantitative 
Multispectral Imaging

Vectra® Automated 
Quantitative Pathology

Imaging System

Mantra™ Quantitative 
Pathology Workstation

Advanced Image 
Analysis Software

inForm® Tissue Finder™

Whole slide and TMA 
imaging

Vectra® Automated 
Quantitative Pathology

Imaging System
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Cell #759
Membrane CD4: 2398 counts
Membrane CD8: 246 counts
Membrane CD20: 4952 counts
Cytoplasm PD-L1: 983 counts
Nuclear FOXP3: 7834 counts
Cytoplasm CK: 197 countsFor each marker:

Nuclear min, max, average, total, std
Cytoplasmic min, max, average, total, std
Membrane min, max, average, total, std
Total cell min, max, average, total, std

20 values per-cell, per-marker!
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6-plex IF gives flow-like data 

CD4 CD8 CD20

PD-L1 FOXP3 AE1/AE3

DAPI

Blue: normal prostate
Green: normal epithelial cells (ducts)
Red: cancerous epithelial cells

Tissue analysis through pattern recognition - InForm

Low-power tissue segmentation of  
prostate cancer
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20x

4x

Goal: measure percent area of granuloma.

inForm classification 31%

32%

Measuring Granulomas in Liver

Cell segmentation generates multiple co-expression cell phenotypes

PR+ / ER-

15%
PR+ / ER+

4%

PR- / ER-

81%
PR- / ER+

0%

ER/PR – double-stained section (ER-SG, PR-VIP)

Detects 4 cell phenotypes, not just two.
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Breast Cancer Example
CD4 / CD8 / CD20 / cytokeratin / DAPI

Dr. Michael Feldman, UPenn
Chichung Wang, Kristin Lane, and Cliff Hoyt, PKI
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TH, TC and B cell panel in breast cancer

30

As seen down the microscope
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TH, TC and B cell panel in breast cancer

Unmixed image: CD4 (red); CD8 (magenta); CD20 (green), CK (yellow)

32

TH, TC and B cell panel in breast cancer

Unmixed image: CD4 (red); CD8 (brown); CD20 (green), CK (yellow)
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TH, TC and B cell panel in breast cancer

Simulated DAB image: CD8 only
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TH, TC and B cell panel in breast cancer

Simulated DAB image: CD20 only
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35

TH, TC and B cell panel in breast cancer

Simulated DAB image: CD4 only
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Breast tissue – CD4, CD8, CD20, cytokeratin, DAPI

pseudo composite



19

37

Breast tissue – CD4, CD8, CD20, cytokeratin, DAPI

pattern-recognition-based tumor mask

Breast tissue – CD4, CD8, CD20, cytokeratin, DAPI

38

Breast tissue – CD4, CD8, CD20, cytokeratin, DAPI

with CD4+ and CD8+ cells detected tumor
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Breast tissue – CD4, CD8, CD20, cytokeratin, DAPI

with CD4+ and CD8+ cells detected stroma
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Breast tissue – CD4, CD8, CD20, cytokeratin, DAPI

CD4+, CD8+, CD20+ cells in tumor () and stroma ()
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Showing both stromal and tumor immune cell distributions

TH, TC and B cell panel in breast cancer

41

Stromal immune cells Tumor immune cells

CD4+ T cells: Green
CD8+ T cells: Red

Two views of the same sample

Opal and Cancer Immunology

Hoyt, et al, 2014
42

The relative distances of Lymphocytes from the tumor-stroma interface was analyzed

Quantitative image analysis - Results

Green
ER+ cases

Blue
Her2+ cases

Red
triple negative cases
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Hoyt, et al, 2014

The relative distances of Lymphocytes from the tumor-stroma interface were analyzed

 Histograms of distances of CD8+ lymphocytes to tumor boundary
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Opal and Cancer Immunology

Quantitative image analysis - Results

Breast Cancer Example 
CD4, CD8, CD20, PD-L1, Foxp3, cytokeratin, DAPI

Dr. Beth Mittendorf, MD Anderson
Chichung Wang, Kristin Lane, Kent Johnson, and Cliff Hoyt, PKI

44
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Image analysis in inForm

CD20 = red
CD4 = green
CD8 = purple
PD-L1 = orange
Cytokeratin = aqua
DAPI = blue

Unmixed pseudo composite

46
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inForm training – Tumor and stroma

47

Segmented tumor and stroma

48



25

Zooming in to see individual cells

49

Measuring PD-L1 expression (H-score)

50
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phenotype– pseudo composite

cyan = CK
purple = killer T cell
green = helper T cell
red = B cell
orange = PD-L1
yellow = Foxp3

with tumor / stroma map and cell phenotypes

Phenotypes
tumor 
killer T
helper T
T-reg
B cell
other

Phenotype Counts

Tumor 4,630

Killer T 1,070

Helper T 962

Regulator T 236

B cell 80

Other 1,230

Total 8,206
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Spatial point pattern analysis in R (example calc.)

41% of tumor cells have a killer 
T cell within 25 microns distance

From strong interaction to weak

61%

41%

33%

3%
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Epithelial-Mesenchymal-Transition in FFPE Tissue

Pseudo Composite Image

Spectral Imaging

Autofluorescence

DAPI

E-cadherin

Vimentin

Tumor Mask

Removed 
from 
imagery

Cell Segmentation

Image Analysis
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INVASIVE?

EPITHELIAL

Quantifying 
the Hallmarks 
of Cancer 
with Vectra

Color Image

Color Image

Example: pancreatic cancer labeled with  Cell Signaling Technology EMT kit (#9782)

Data Bottlenecks unblocked  - Spotfire Applications in Research

These intentions may change without notice as we respond to customer requirements.

Lead Discovery HTS
HCS/Multivariate 

Analysis
Digital  

Pathology
Flow Cytometry OMICS Analysis

Lead Discovery 
and Datalytix™

SciStream™
HC Profiler

Quantitative 
Pathology Flow Cytometry

OMICSOffice Expression Explorer
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inForm tissue data anlysis linked with images in Spotfire

Customized data view in Spotfire

Cell_seg_data and Vectra composite images united!

Real time Data interacting with images in Spotfire

Interacting with image and data visualization in Spotfire
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Thank you for your attention!

Multiplexing is a powerful tool to enable 

the simultaneous per-cell quantitation 

and distribution analysis of phenotypes 

within the tumor microenvironment of  a 

single FFPE tissue section.

PerkinElmer offers:

 A selective and specific 
staining protocol for 
multiplexed IHC

 Multispectral imaging 
systems for measuring 
individual labels 

 Software to analyze cellular 
expression in discrete tissue 
compartments

 Technical expertise in 
reagents, imaging and 
analysis

 Contract discovery services 
for assay development and 
slide analysis

www.perkinelmer.com/cancer-immunology

Any questions?

Thank you for your attention!
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