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Value Proposition

• Everybody benefits from smart, technically sound 
immunohistochemistry

• I’ll be your immunohistochemistry concierge
• andrew-bellizzi@uiowa.edu
• @IHC_guy

• Trainees

• IHC Lab Director

• Clinical Faculty

• Scientists 
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• Selection, Optimization, Validation

• Specific Examples
• OTC

• IGF2

• PAX1

• mGluR1

• HEY1 (N-terminus)

• GATA-4



Next-Generation Immunohistochemistry

• Mine molecular genetic and developmental 
biology literature to find:
• Markers identified by gene expression profiling 

• Protein correlates of molecular genetic events 

• Lineage-restricted transcription factors

• Bottom line: our markers keep getting better



Gene Expression Profiling Comparing 
Urothelial, Kidney, and Prostate Cancer

Higgins JPT, et al. Am J Surg Pathol. 2007 May;31(5):673-80.
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AE1/AE3

STAT6TLE1

T1-T2 spinal lesion

Initial diagnosis: synovial sarcomaRevised diagnosis: solitary fibrous tumor 
(hemangiopericytoma)



Breast cancer GCDFP-15Mammaglobin

Historically, diagnostic armamentarium geared toward 
cytoplasmic or membranous differentiation markers; 
reduced sensitivity in poorly differentiated tumors



GATA-3: highly expressed, regardless of differentiation

Primacy of lineage-restricted transcription factors



Gartner Hype Cycle







Stains I Love: Oligospecific Transcription Factors





CDX2CK20

CK7

Mucinous adenocarcinoma with lower GI immunophenotype



SATB2

SATB2 as (more) lower GI specific marker (than CK20/CDX2):
This was an ampullary adenocarcinoma



Undifferentiated carcinoma

CDX2MLH1

Keratin AE1/AE3



SATB2 to increase the sensitivity for the diagnosis of medullary colon cancer

SATB2



Is this osteoid? SATB2 . . . Yes!!!

SATB2 as an osteoblastic differentiation marker



SATB2

Pancreas NET

Rectal NET

SATB2

SATB2 as a marker of rectal and appendiceal origin in WDNET



SATB2

Vulvar NEC

Merkel cell carcinoma

SATB2

SATB2 as a marker of cutaneous origin in PDNEC: 
69% sensitive/90% specific at H-score ≥150



CD99

SATB2BCOR-CCNB3 fusion detected

SATB2 as a marker of BCOR-rearranged sarcoma (and small cell osteosarcoma) 
in small round blue cell tumor differential



SATB2: Will it Swiss Army?  Yes

• Lower GI adenocarcinoma (specific)

• Undifferentiated GI carcinoma (sensitive)

• Osteoblastic differentiation

• Rectal/appendiceal NET marker

• Merkel cell carcinoma  

• BCOR-rearranged sarcoma



Frank is looking for GATA-3, PAX8, SOX10, and ERG Phil is looking for toxoplasma



Antibody Selection

•Phone a friend (esoteric antibodies)

•Published literature

•NordiQC (workhorses)

•Biocompare

•Antibodypedia

•BenchSci



NordiQC – Scandanavian IHC EQA



Detailed Platform Specific Protocols



Biocompare, Antibodypedia, BenchSci



Optimization



UIHC 
Optimization



Validation
Category Validation 

Cohort

Diagnostic* 10+/10-

Predictive* 20+/20-

ER/HER2 FDA** 20+/20-

ER/HER2 LDT** 40+/40-

* ≥90% concordance with expected results

** ≥90% concordance with expected positives 
and ≥95% concordance with expected negatives



Everything you cram and 
then immediately forget 
after you take Step I . . .                 
I make that into a 
diagnostic test.
--@IHC_guy to his pathology small group a few years ago



Dx Algorithm: Poorly Differentiated 
Carcinoma in the Liver 

HCC vs. ICC vs. Metastasis
Perform Hep Par 1, MOC-31

(alternatively Arginase-1, Claudin-4)

Hep Par 1 (+)/ 
MOC-31 (-) 
→ HCC

Hep Par 1 (-)/
MOC-31 (+)
→ ICC or 

Metastasis

IHC menu for this 
application: 

HCC Markers:
- Hep Par 1
- GPC3
- pCEA/CD10   
(canalicular)

- Arginase-1

Non-HCC Markers:
- MOC-31
- Claudin-4



Hep Par 1 was Raised Against FFPE Tissue from a Failed Liver 
Transplant and 15-Years Later was Shown to Recognize CPS1





Urea Cycle
Abbrev. Enzyme

CPS1 carbamoyl phosphate synthetase I

OTC ornithine transcarbamoylase

ASS argininosuccinate synthetase

ASL argininosuccinate lyase

ARG1 arginase 1 

Number Molecule

1 L-ornithine

2 carbamoyl phosphate

3 L-citrulline

4 argininosuccinate

5 fumarate

6 L-arginine

7 urea



GPC3

1% (13)

13% (3)

Not done

Not done

50% (67)

60% (122)

71% (177)

8% (49)

2% (9)



There were 5 OTC+/HepPar1- and 4 OTC-/HepPar1+ HCCs 
Adding OTC to HepPar1 Increased Sensitivity from 91% to 94%

HepPar1

HepPar1OTC

OTC

HCC, PD

HCC, MD





4-day-old boy presented comatose with hyperammonemia (962 µg/dl –
RR 15-45 µg/dl); transplanted; biochemical dx of OTC deficiency; 
missense alteration in exon 9; alive at 15-years follow up



ASS

ARG1ASL

CPS1



OTC



Hey, what do you know 
about IGF2 
immunohistochemistry?
--Jason L Hornick, MD, PhD



IGF2 overexpression is associated 
with adrenal cortical carcinoma and 
Beckwith-Wiedemann Syndrome



Adrenal cortical carcinoma

Adrenal cortical adenoma



How to visualize gene expression

•GeneCards
• GTEx
• Illumina
• BioGPS

•Wikipedia☺



cBioPortal: How I Visualize Genetic &
Gene Expression Profiling Data in Cancer

The cBioPortal for Cancer 
Genomics was originally 
developed at Memorial Sloan 
Kettering Cancer 
Center (MSK). The public 
cBioPortal site is hosted by 
the Center for Molecular 
Oncology at MSK. The 
cBioPortal software is now 
available under an open 
source license via GitHub. The 
software is now developed 
and maintained by a multi-
institutional team, consisting 
of MSK, the Dana Farber 
Cancer Institute, Princess 
Margaret Cancer Centre in 
Toronto, Children's Hospital of 
Philadelphia, The Hyve in the 
Netherlands, and Bilkent
University in Ankara, Turkey.

https://www.mskcc.org/
https://www.cbioportal.org/
https://www.mskcc.org/research/molecular-oncology
https://github.com/cBioPortal/
https://thehyve.nl/


Pan-Cancer IGF2 Gene Expression



PHEO PARA



Midgut NET GCP



The “Floridly” Positive NET/NECs



We Even Reclassified 2 PHEOs→ACC

Melan A

IGF2 (D-L)

CgA



IGF2 Expression in Neuroendocrine Neoplasms



Algorithm to distinguish 
PHEO/PARA vs NET/NEC



Because Life is Full of Wonderful Coincidences 





PAX8 EMA
H/o RCC with new 
right iliac lesion

Metastatic RCC



PAX8

PAX5 CD20

Revised dx: involved by B-cell lymphoma



UniProtKB





Alignment of PAX8 and PAX5 Proteins



Polyclonal vs Monoclonal PAX8 in 
Thoracic Pathology





Extensive Evaluation of Immunohistochemistry to Assign Site 
of Origin in Well-Differentiated Neuroendocrine Tumors: 

A Study of 10 Markers in 265 Tumors

Expression of Well-Vetted Markers

TTF-1 CDX2 pPAX8 PAX6 ISL1

Lung (n=20) 35 5 0 0 0

Stomach (n=14) 0 7 0 0 7

Duodenum (n=22) 0 48 5 62 82

Pancreas primary (n=57) 0 14 2 79 91

Pancreas metastatic (n=13) 0 0 0 69 85

Jejunoileum primary (n=66) 0 97 0 0 2

Jejunoileum metastatic (n=41) 0 83 0 0 2

Appendix (n=15) 0 100 0 20 47

Rectum (n=17) 0 12 0 56 87





gp3.mpg.de



PAX1 ISH Expression in E14.5 Mouse



A AB B1 B2 B3



Thymic carcinomas



PAX1 Results
Study cohort:
79 thymomas, 10 thymic 
carcinomas, 175 squamous 
cell carcinomas (25 lung), 41 
urothelial ca, 36 lung adca, 28 
RCC, 25 serous, 22 
endometroid, 22 PTC, 22 FTC, 
10 breast, 5 colon, 5 
esophagus, 2 NEC, 1 prostate 





mPAX8 PAX1



mPAX8 PAX1





Lobulated, more cellular 
periphery, osteoclast-like GCs Bi- & multipolar stellate cells



The Straw That Broke the Camel’s Back



Genetics of Chondromyxoid Fibroma

18/20 (90%) CMF showed 100-1400 fold increased expression



mGluR1 (clone JM11-61; Novus; LpH; 1:200; 30’-30’



Test Characteristics

Low positive threshold: 
any definite staining

High positive threshold: 
≥2+ in ≥20% of tumor cells

Diagnostic mimics: chondroblastoma (20), giant cell tumor of bone 
(12), enchondroma (9), myxoma of none (1), ACT/G1 CS, G2 CS (9), 
HG/DD CS (3), chondroblastic OS (7), chordoma (4)  

One false positive at low positive threshold



Diagnostic Utility of mGluR1

1. Small core biopsies/limited sampling

2. Aggressive radiographic features (e.g., extension 
into surrounding soft tissue)

3. Atypical histologic appearance (18% with bizarre 
cytologic features in Mayo Clinic series n=278)

4. Unusual location

5. Limited pathologist experience



49-year-old with lytic ulnar lesion extending through cortex



mGluR1



I don’t know what it is but it looks malignant so it 
must be osteosarcoma . . . do a SATB2

25W with 2.3 cm mass in the distal fibula with 
extension to the medial cortex and associated 
periosteal reaction and soft tissue edema



ERGSATB2



mGluR1

Hey, Bellizzi . . . Stick to polyps . . . 







Hey, what antibody do 
you run for NKX3.1?
--Jason L Hornick, MD, PhD



Primitive cells juxtaposed 
to mature cartilage HPC-like vessels



Undifferentiated round cells; no mature cartilage; no HPC-like 
vessels; these 3 images all from same case; tumor freq. CD99+



NKX3.1 Expression in 
Mesenchymal Chondrosarcoma



HEY1-NCOA2 Fusion Drives MC

juxtaposes exon 4 of the basic helix-loop-helix 
(bHLH) transcriptional repressor HEY1 to exon 
13 of the steroid receptor coactivator NCOA2





RMS ES SS ONB LBL



Case Year 

(Block age in years) NKX3.1 H-score

1981 (39) 1

1982 (38) 0

1993 (27) 1

1995 (25) 1

1995 (25) 10

1996 (24) 15

1996 (24) 70

2000 (20) 30

2016 (4) 120

2018 (2) 80

HEY1 and NKX3.1 in SRBCT

Tumor # positive/

# total (%)

Mean (Median) 

H-score 

(if positive) 

H-score range 

(if positive)

Mesenchymal chondrosarcoma 29/31 (94%) 200 (225) 5-300

Neuroblastoma 0/67 (0)

Wilms Tumor 0/35 (0)

Rhabdomyosarcoma 4/23 (17%) 14 (16) 2-22.5

Synovial sarcoma 0/13 (0)

Ewing sarcoma 0/12 (0)

BCOR-rearranged sarcoma 0/11 (0)

Olfactory neuroblastoma 0/10 (0)

CIC-rearranged sarcoma 0/10 (0)

Lymphoblastic lymphoma 0/9 (0)

Desmoplastic small round cell tumor 0/6 (0)

Cellular congenital mesoblastic nephroma 0/3 (0)



22M with L4-L5 spinal canal tumor; ? association w/ nerve root



MPNST with chondrosarcomatous and 
osteosarcomatous differentiation



NKX3.1HEY1



H&E keratin AE1/AE3

synaptophysinchromogranin A



BMP Signaling: HIO→HCO Inducible Intestine-Specific GATA-4 knockout





Detailed GATA-4 Results in 1479 Tumors

GATA-4 mouse monoclonal ab (clone 532020, R&D Systems)



GEJ SI PB Colon



CK20 CDX2

CK7



SMAD4

Site (n) SMAD4 Loss

Esophagus (109) 10%

GE junction (68) 7%

Stomach (4%) 4%



GATA-4



Diagnostic Utility of GATA-4

1. Distinction of small intestinal from CRC

2. Distinction of upper GI from PR carcinomas
• Strong GATA-4-positivity favors upper GI origin

3. Non-colonic pan-GI marker, especially useful in PB 
carcinomas
• GATA-4-positivity (65%) outpaces CDX2 and CDH17 (~30%)
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