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The central problem: 
Standardization of Protein 

Assessment of Formalin-Fixed 
Paraffin-Embedded tissue

• Definition of Extrinsic vs Intrinsic Control
• Solution of the Extrinsic control problem
• Progress toward an Intrinsic control or 

Tissue Quality Index (previously 
designated TIC for tissue immuno-
competence index)



Extrinsic vs Intrinsic Controls

• Extrinsic controls; control for and 
standardize all the processes from the 
stainer through the analysis

• Intrinsic controls; control for and 
standardize all the processes from the 
patient to the stainer (pre-analytic varibles)



Generating our solution to quantitative 
measurement of protein on slides

AQUA:  Think like a molecule
Selection of regions only as a 
function of colocalization of 
molecular interactions

Available Software:  Think like a 
human 
Assign significance to morphologically 
defined entities and use feature 
extraction to emulate human 
assignments 

Example:  a nuclear protein 
emulates the human definition of 
nucleus and finds round or 
roundish entities, then counts 
signal within the roundish entities

Example:  a nuclear protein is 
measured by colocalization with 
DAPI in a cytokeratin positive 
region 

http://www.tissuestudio.com/

http://www.tissuestudio.com/


AQUAAQUA®®: objective analyte measurement on a : objective analyte measurement on a 
tissue slide based on cotissue slide based on co--localizationlocalization

Step 1:  Mask (define region of interest, exclude stroma, blank space, 
etc) = colocalization with Cytokeratin for carcinoma

Step 2:  Define the numerator (target) and denominator (compartment)

Concentration =
Numerator

Denominator Σ compartment
pixel area

Σ target intensity
in compartment pixels

= AQUA
score

Step 3:  Calculate the AQUA score

Step 4:  Convert to absolute concentration or 
normalize to set of uniform standards



TMA

WTS

TMA-Tissue Microarray
WTS-Whole Tissue Section

Cytokeratin Tumor Mask

Combine DAPI image and  
cytokeratin image then cluster to 
assign each pixel to a subcellular 

compartment 

Estrogen Receptor

Σ compartment
pixel area

Σ target intensity
in compartment pixels

= AQUA
score

Generating 
the AQUA®

score



Development and Commercialization Of a Development and Commercialization Of a 
Quantitative Protein Measurement Technology Quantitative Protein Measurement Technology 

(AQUA) from the lab to the patient(AQUA) from the lab to the patient



40 patient controls
(range of ER)

formalin-fixing &
paraffin-embedding

lysates

Western Blot 
alongside 

recombinant ER

calculate ER as 
AQUA scores

1)  Convert AQUA 
scores to pg/ug

2)  Determine limit of 
detection for ER 

positivityControl TMA

cell line panel
(known range of ER)

calculate ER in 
pg/μg

Alley Welsh



Precision Results (ER-alpha)

Pearson R Slope

Day 1 v. Day 2 .97 .97

Day 1 v. Day 3 .97 1.01

Day 2 v. Day 3 .98 1.04

%CV = 4.2

Mark Gustavson and 
Jason Christiansen



Alley Welsh

Standardized Index Array 
ER antibody used is 1D5



Lowest positive vs. highest negative

ER

ER Alley Welsh



Expanded “levels” to visualize threshold
contracted dynamic range of grayscale (max RGB input level 255 16)

ER ER

ER ER



Discordant classification of ER status in YTMA 130 cohort 

Welsh et al, JCO 2011



AQUA CLIA LabA B

C D

Two example 
discordant cases

What is the cause 
of the 

discordance?
• Is Q-IF more sensitive 

than IHC?

• Variation in DAB from 
lab-to-lab?

• Variation in 
Hematoxylin counterstain 

from lab to lab?

Alley Welsh



The problem is the Hematoxylin



Hematoxylin Confounds 
Automation

The C-Path system permits the quantification of thousands of morphologic 
features in breast cancer microscopic images facilitating the construction of 
a robust prognostic model and the discovery of new prognostically 
significant morphologic phenotypes in breast cancer.

Our results suggest that, prior to applying C-Path to images from a new 
institution that uses a different slide processing regimen, it may be useful to 
train the epithelial/stromal classifier on a subset of images from the new 
institution. Should be “will be necessary”



Extrinsic vs Intrinsic Controls

• Extrinsic controls control for and 
standardize all the processes from the 
stainer through the analysis

• Intrinsic controls control for and 
standardize all the processes from the 
patient to the stainer (Pre-analytic 
variables)



Goals of our OBBR 
Contract/Project

• Development of a Tissue Quality Index (TQI): 
– by developing a quantitative intrinsic 

control that can measure the degree of 
degradation of any FFPE sample.

– Validation of the TQI
• Assessment of the effects of Time to Fixation 

on Common Markers using QIF
• Proof that result is the same using 

quantitative DAB-based IHC 



Pre-Analytic Variables; Can 
we treat them as a black box?

If we cannot control pre-
analytical variables can we  

quantify the damage or tissue 
degradation caused by them?

Can we disqualify specimens 
for companion dx testing?



Approach
Generate 

Intrinsic Control 
cohorts

Select and validate 
potential 

antibodies/reagents

Test each reagent 
individually on 

Intrinsic Control 
Cohorts

Generate simplest 
Multi-variable model 

that can assess 
tissue quality (TQI)

Validate TQI

Perform Western Blotting on cell line 
positive and negative controls

Is there a band at the 
expected molecular weight?

Titer antibody on TMA containing 
control tissues and cell lines

Is staining localized and specific 
consistent with protein’s 
biological description?

Does expression level 
by IHC correlate with 

WB?

Is the antibody reproducible 
between runs? 

No  Abandon 
Antibody

Yes

Yes

Yes

Yes

No 

No 

Yes

No 

Antibody 
Validated

Histone 4 - Nuclear R =-0.398
p = <0.0001

N = 77

0
2000
4000
6000
8000

10000
12000
14000
16000
18000
20000

0 100 200 300 400 500
Time to Fixation (Mins)

H
is

to
ne

 4
 A

ve
ra

ge
 N

uc
le

ar
 A

qu
a

Sc
or

es



Antibody Validation (Overview)

Perform Western Blotting on cell line 
positive and negative controls

Is there a band at the expected 
molecular weight?

Titer antibody on TMA containing 
control tissues and cell lines

Is staining localized and specific 
consistent with protein’s biological 

description?

Does expression level by 
IHC correlate with WB?

Is the antibody reproducible 
between runs? 

No  Abandon 
Antibody

Yes

Yes

Yes

Yes

No 

No 

Yes

No 

Antibody 
Validated
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Construction of the Rochester Tissue Microarray (2x redundancy) 

Two fold redundancy
N=125 , tumor=93, normal=2, cell lines=10 control breast tumor=10 ,control lung tumor = 10
Collected by Dr. David Hicks and colleague, University of Rochester Medical Center



Summary of markers, which were titrated and validated up to date:



Change in expression as a function of time to fixation

Spearman Rank 
Correlation:

P=0.14
Rho=-0.16

Spearman Rank 
Correlation:
P=0.0079

Rho=-0.295

Spearman Rank 
Correlation:
P=0.0199

Rho=0.291

GAPDH - Tumor Mask

R=0.076
p = 0.48
N = 87
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Veronique Neumeister



Building the TQI Model
PCA of all variables

1. Select the two variables 
that are most positively 
correlated with TIME and 
the two variables that are 
most negatively correlated 
with TIME. 

2. Define the sum of the first 
two variables “X1” and the 
sum of the last two 
variables as “X2”. 

3. We predict a sample to be 
fresher than 60 minutes if 
X2>X1.

4. If X1>X2, then sample is 
predicted to be collected 
more than 60 minutes 
after resection.



We repeated the procedure 500 times and we computed the average 
sensitivity (black bars) and the average specificity (red bars) for each 

marker. Values above the 0.5 threshold indicate that the marker is 
performing better than a random classifier.

Sensitivity and specificity were assessed in the time interval between 30 minutes and 100 minutes

Building the TQI Model

Fabio Parisi and Yuval Kluger



Best Model from full data training:

X1*=Lamin+Hif2a 
X2=MAPK+miR221 

TQI Model Construction

*  AKAP13 is a candidate 
substitute for X1 in case of 
technical issues in 
measuring Lamin or Hif2a. 

Analysis restricted to 
the interval between 
30minutes and 
100minutes, = 77% of 
the total observations

- Histogram of density 
of observations, bottom 
of the plot

-Times of each 
observation in the 
interval, red crosses. 

Fabio Parisi and Yuval Kluger

Likelihood that the sample is fresh (<1 hour)



The variables selected in the model trained on the full data exhibited 
performances that were among the highest in the dataset.

TQI Model Assessment

Fabio Parisi and Yuval Kluger



Patient 1

Patient 2

Patient 3

Patient 4

Patient 5
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Validation of the TQI 
(TMA under construction)



Goals of our OBBR 
Contract/Project

• Development of a Tissue Quality Index (TQI): 
– by developing a quantitative intrinsic 

control that can measure the degree of 
degradation of any FFPE sample.

– Validation of the TQI
• Assessment of the effects of Time to Fixation 

on Common Markers using QIF
• Proof that result is the same using 

quantitative DAB-based IHC 



QIF measurement of ER, PgR, 
HER2, and Ki67 on TTF TMA

time to formalin in minutes time to formalin in minutes



QIF measurement of ER, PgR, 
HER2, and Ki67 on TTF TMA



Conclusions: Assessment of the Effects of 
Time to Fixation on Common Markers

• No significant loss of expression for ER, 
PgR, HER2 or Ki67 within 120 minutes 
(under-powered for longer time points)

• For complete details see Poster by 
Neumeister et al.

• Arguably, we have tested the wrong time 
window; it appears that loss occurs after 
120 minutes



5077 women with breast 
cancer among the study 
hospitals were tested for 

ER/PR between 1997 and 
2003 in central lab

Frequency of ER and PR 
negative test results by day 

of surgery

Frequency of ER/PR 
negativity significantly 

increased with each day of 
the week, both for 
ER (P = 0.03) and 

PR (P = 0.059 for trends). 

Hammond et al.  Arch Pathol Lab Med. 2010;134:606-612

http://www.archivesofpathology.org/action/showFullPopup?doi=10.1043/1543-2165-134.4.606&id=_e2


Goals of our OBBR 
Contract/Project

• Development of a Tissue Quality Index (TQI): 
– by developing a quantitative intrinsic 

control that can measure the degree of 
degradation of any FFPE sample.

– Validation of the TQI
• Assessment of the effects of Time to Fixation 

on Common Markers using QIF
• Proof that result is the same using 

quantitative DAB-based IHC 



Automated scoring systems and algorithms for DAB stain …….

• Requires binning into 3 categories by 
intensity range
• Requires user-defined selection of 
region of interest (no masking capacity 
as used here)



IHC Nuclear Image Analysis Algorithm:

This algorithm is based on a cell feature detection 
method. Optical density is then measured in the nuclei.  
Based on the intensity, nuclear staining is classified as 
negative (0), weak positive (1+), medium (2+) or strong 
positive (3+).



Annotation Positive Pixel Count Nuclear Algorithm

of a TMA spot, stained for ER SP1



Intra array reproducibility on the time to fixation array for ER SP1 –

Assessed with IF/AQUA and IHC/positive pixel count and nucl. algorithm

Reproducibility for nucl. algorithm



TN25:      spot 251 – AQUA  1040                         spot 262 – AQUA 86



TN58   first fold
Nucl alg.: 1

Pos pix count: 1.3
AQUA: 3033

TN58   sec. fold
Nucl alg.: 1

Pos pix count: 0.3
AQUA: 655



TN3   first fold
Nucl alg.: 0

Pos pix count: 0.09
AQUA: 176





AQUA 320
AQUA 318

TN 63
Ppn*int=0.16

Nuclear algorithm: from 1,2,3 to a scale from 0-300: intensity * percent positive nuclei

The yellow rectangle marks the patients 
who are positive for AQUA but have a 

score <1 when analyzed for %positive cells 
*intensity



Assessment of possible change of ER expression according to increasing time to 
formalin fixation
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