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Abstract  Antibodies are employ in al sciences, Including for diagnos-
tics and therapeutics. One of the most important uses is for immunohistochemical (IHC) stain-
ing, a process that has been improving and evolving over decades. IHC is useful when properly
employed, yet misuse of the method is widespread and contributes to the "reproducibility
crisis” in science. We report some of the common problems encountered with IHC assays,
and direct readers Lo a wealth of literature documenting and providing some solutions to this
prablem. We also describe a series of vignettes that include our approach to analytical valida-
tion of antibodies and IHC assays that have facilitated a number of biological insights into pros-
tate cancer and the refutation of a controversial association of a viral etiology in gliomas. We
postulate that a great deal of the problem with lack of accuracy in IHC assays stems from the
lack of awareness by researchers for the critical necessity for end-users to validate IHC anti-
bodies and assays in their laboratories, regardless of manufacturer claims or past publications,
We suggest that one reason for the pervasive lack of end-user validation for research anti

bodies is that researchers fail to realize that there are two general classes of antibodies em-
ployed in IHC. First, there are antibodies that are “clinical grade™ reagents used by
pathologists to help render diagnoses that influence patient treatment. Such diagnostic anti-
bodies, which tend to be highly validated prior to clinical implementation, are in the vast mi-
nority (e.g. < 500). The other main class of antibodies are "research grade" antibodies (now
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A proposal for validation of antibodies

Mathias Uhlen!, Anita Bandrowski?, Steven Carr®, Aled Edwards®, Jan Ellenberg®, Emma Lundberg!,
David L Rimm®, Henry Rodriguez’, Tara Hiltke”, Michael Snyder® & Tadashi Yamamoto®

We convened an ad hoc International Working Group for Antibody Validation in order to formulate the best
approaches for validating antibodies used in common research applications and to provide guidelines that
ensure antibody reproducibility. We recommend five conceptual ‘pillars’ for antibody validation to be used

in an application-specific manner.

Antibodies are among the most frequently
used tools in basic science research and in
clinical assays. Despite their widespread
use, as well as extensive and valuable dis-
1% a comprehensive
scientific framework for antibody valida-
tion across research applications is lacking,
As a result, the quality and consistency of
data generated through the use of antibod-
ies vary greatly. This poses an impediment
to the rigor and reproducibility that are the
cornerstones of the advancement of sci-
ence.

The extensive discussion of antibody
validation in the literature indicates a col-
lective need for standards to validate anti-
body specificity and reproducibility, as well
as a need for adequate reporting practices.
For example, in 2010, Bourbeillon and col-
leagues! introduced the minimum infor-
mation about a protein affinity reagent
(MIAPAR) proposal. This proposal was
meant to formalize a standard for how to
report information about affinity binder

course in the literature

reagents so that the correct reagent for a
particular target could be selected for a spe-
cific application. The MIAPAR proposal is
a uscful guide for this purpose; however, it
does not include explicit recommendations
for the experimental approaches best suited
to support validation of antibody specificity
in particular applications.

Immunoreagents are used in a range of
applications. According to the antibody
reagent portal Antibodypedia (http://
www.antibodypedia.com; Supplementary
Fig. 1), their most common application is
in western blot assays (immunoblotting),
followed by i hi
immunocytochemistry. In addition, the
sandwich assay (e.g., ELISA), although
it encompasses only a low percentage of
overall antibody use, is an important appli-
cation from a clinical perspective.

It is essential to note that samples are
treated substantially differently in prepa-
ration for different antibody-based assays
(Supplementary Table 1). Proteins are
typically in near-native form for flow

hemistry and

Table 1 | Proposed conceptual pillare for validation of antibodies

a simple and single benchmark for char-
acterizing antibody performance for the
full range of possible applications. Indeed,
extensive characterization of antibody per-
formance in western blotting may indicate
nothing about the performance of the same
antibody in an ELISA assay, where the anti-
body must recognize the epitope within the
protein’s native conformation. Likewise, an
antibody may specifically recognize a cell
surface protein in unfixed hematopoietic
cells in flow cytometry but fail to bind the
same protein in fixed liver tissue processed
for immunohistochemistry. Therefore,
approaches for antibody validation must be
carried out in an application- and context-
specific manner.

The International Working Group for
Antibody Validation (IWGAV) was con-
vened as an ad hoc committee of inter-
national scientists with diverse research
interests but the shared goal of improving
standards for antibody use and validation.
Here, we propose a set of standard guide-
lines for validating antibodies, guidelines

strategy  Gemetic

Orthogonial Independent antibady

Tagged protein expressio IMS

Validation principle  The expression of the
target protein is eliminated
or significantly reduced
by genome editing or RNA
interference

Validation criteria Elimination or significant
reduction in antibody
labeling after gene
disruption or mRNA
knockdown

Suitable for these WE, THC, ICC, FS, SA, IR/
applications ChIF, RP

Expression of the
target protein is
compared with an
antibady-independ

Expression of the tanget
protein is compared using
two antibodies with

The target protein is
expressed wsing a tag,
preferably expressed at

The target protein
is captured using
an antibody and

ing epitopes
method

Significant correlation  Significant correlation of
of protein levels protein levels detected by
detected by an twao different antibodies
antibody and an recognizing independent
arthagonzl methad regions of the same target
{e.q.. M5) protein

WB, IHC, ICC, FS, WE, IHC, ICC, FS, SA. IR/
SA, RP ChIF, RP

levels analyzed using M5

Significant comelation Target protein
between antibady labeling  peptides among
and detection of the epitope  the most abundant

tag detected by
M5 following
immunocapture
WE, IHL, ICC, FS IP/ChIP

WE, wastim blot; IHL, imme

iy, includiag inm

ELISA: IF, immunapescipitation; ChIF, chromatin smmunogrcigication; and &F, ewerse- phasa peotein andys.

micrecopy: FS, Misw sarting and aralyst of cells; SA, sandwich ascays, Incisdiag
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* Next-Generation Immunohistochemistry
* Selection, Optimization, Validation

 Specific Examples
* OTC
IGF2
PAX1
mGIluR1
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
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Identification of recurrent NAB2-STAT6 gene fusions in
solitary fibrous tumor by integrative sequencing

Dan R Robinson'?!2, Yi-Mi Wu'>!2, Shanker Kalyana-Sundaram'-3, Xuhong Cao'-*, Robert ] Lonigro'~,
Yun-Shao Sung®, Chun-Liang Chen®, Lei Zhang®, Rui Wang!2, Fengyun Su'-2, Matthew K Iyer!”7,

Sameek Roychowdhury'#, Javed Siddiqui'-, Kenneth J Pienta'>®?, Lakshmi P Kunju'?, Moshe Talpaz>#,

Juan Miguel Mosquera'?, Samuel Singer!!, Scott M Schuetze>®, Cristina R Antonescu® & Arul M Chinnaiyan"2%57

Robinson DR, et al. Nat Genet. 2013 Feb;45(2):180-5.
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Nuclear expression of STAT6 distinguishes
solitary fibrous tumor from histologic mimics

Leona A Doyle!, Marina Vivero!, Christopher DM Fletcher?, Fredrik Mertens®
and Jason L Hornick?

!Department of Pathology, Brigham and Women's Hospital, Harvard Medical School, Boston, MA, USA and
“Department of Clinical Genetics, University and Regional Laboratories, Skdne University Hospital, Lund
University, Lund, Sweden

Immunochistochemistry for STAT6 was performed
on 4-um-thick formalin-fixed paraffin-embedded
tissue sections following pressure cooker antigen
retrieval (0.01M citrate buffer; pH, 6.0) using a
rabbit polyclonal antibody directed against the C
terminus of STATG6 (1:1000; sc-621; Santa Cruz
Biotechnology, Santa Cruz, CA, USA). Appropriate

Doyle LA, et al. Mod Pathol. 2014 Mar;27(3)390-5.



Revised diagnosis: solitary fibrous tumor
(hemangloperlcytoma)




Historically, diagnostic armamentarium geared toward
cytoplasmic or membranous differentiation markers;

reduced sensitivity
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ORIGINAL ARTICLE

Nuclear Brachyury Expression Is Consistent in Chordoma,

Common in Germ Cell Tumors and Small Cell

Carcinomas, and Rare in Other Carcinomas and Sarcomas

An Immunohistochemical Study of 5229 Cases

Markku Miettinen, MD.* Zengfeng Wang, PhD.* Jerzy Lasota, MD* Christopher Heery, MD.7

Jeffrey Schiom, PhD.T and Claudia Palena, PRDT
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Sox10—A Marker for Not Only Schwannian
and Melanocytic Neoplasms But Also Myoepithelial
Cell Tumors of Soft Tissue
A Systematic Analysis of 5134 Tumors
Markku Miettinen, MD,* Peter A. McCue, MD.7 Maarit Sarlomo-Rikala, MD.}

Wajciech Blernai, MD.§ Piotr Czapiewski, MD.§ Janusz Kopezynski MD, | Lester D. Thompson, MD.%
Jerzy Lasota MD,* Zengfeng Wang, PhD.* and John F. Fetsch, MD#
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GATA3: A Multispecific But Potentially
Useful Marker in Surgical Pathology
A Systematic Analysis of 2500 Epithelial and Nonepithelial Tumors

Markku Miettinen, MD.* Peter A. McCue. MD,7 Maarit Sarlomo-Rikala, MD.}
Janusz Rys, MD.§ Piotr Czaplewski MD,) Krz
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SALL4 Expression in Germ Cell and
Non—Germ Cell Tumors

A S 1

histochemical Si tudy

of 3215 Cases

Markku Miettinen, MD,* Zengfeng Wang, PhD.* Peter A. McCue, MD.F
Maarit Sarlomo-Rikala. MD,} Janusz Rys, MD.§ Wojciech Biernat, MD, |
Jerzy Lasota. MD.* and Yi-Shan Lee, MD*
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SATB2

SATB2 in Combination With Cytokeratin 20 Identifies
Over 95% of all Colorectal Carcinomas
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Mucinous adenocarcmoma W|th Iower Gl immunophenotype




SATB2 as (more) lower Gl specific marker (than CK20/CDX2): |,
This was an ampullary adenocarcinoma
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SATB2 as an osteoblastic differentiation marker [*%f  * sseW &, eg ‘0uf,
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SATB2 as a marker of cutaneous origin in PDNEC: |.© w0 &
69% sensitive/90% specific at H-score 215 | ;
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SATB2 as a marker of BCOR-rearranged sarcoma (and small cell osteosarcoma)
in small round blue cell tumor differential
e N Foa O o 7 _;:;3 s 5
Slon i *-i?%%i'é?% 5
: /5 % '*»*‘"»f L&’g BRI 5 i g

'S

5

)\, R 3
i an? '3 b x
P : Aol % ¥ X T

e S Mntta) -0 VI Sl A
k : o X Fhad e ot
: Md g 3
3 PG

BCOR-CCNB3 fusion detected | A




SATB2: Will it Swiss Army? Yes

* Lower Gl adenocarcinoma (specific)
e Undifferentiated Gl carcinoma (sensitive)
* Osteoblastic differentiation

* Rectal/appendiceal NET marker
* Merkel cell carcinoma

* BCOR-rearranged sarcoma




Dr. Bellizzi, Quick question for you. We
have finally convinced our hospital to bring
our IHC lab into the 21st century. We are
adding GATA3, PAXS, S0X10 and ERG to
our test menu to the delight of the
pathologists in my group. Are there amy
particular dones of those antibodies you
would recommend for a general pathology
practice? We have Ventana
instrurmentation. Thanks! —Frank

May 30, 2020, 3:23 Pad

e S—
Epaopa g P Cowmes Cowirme  esodes Ve
GATAD  Coules Maistairens ik [T Comi ey HE
T T Y T CEma e NE
faATA [ [ e Cmal 13 g BT EE
TATAS Dot Do Pl (= o 8 Do 3 B
GATAS Disgir: Compin, 130803 (= o T g 303 [
naTEn [ AT oo TS LI )
ey Lo BT [ o maEmE EE
GATAE  Veeles Seelecd LB LRI cEm WG
GATAD  venowa Benchecd Uim LSG-EED i g G
CATAG VONDEa Mok LR [15 vl [ o 12 gy 200E HE

Frank, pleaze call me Andrew!!! Four of my
favorites. Antibody (done) performance DOES vary
for some antibodies depending on platform. I run
Dako Autostainer Link 48°s. For these 41 run--
GATA-3: L50-823 (Cell Marque), PAXE: EF298
{BioSB), Y0X10: EP268 (Epitomics), ERG: EPR3IB64
[abcam). These are actually 4 good "case stories.”
For GATA-3 we used to run HG3-31 before
switching for L50-823 from another vendor who
discontinued it). For PAXE I switched from
polydonal to monoclonal after someone
mizdiagnosed a DLBCL as a ocRCC because
paolyldonal PAXE crossreacts with other PAX-family
transcription factors, induding PAXS. For S0OX10 1
also switched from a polydonal to a monodonal
when a good one became available. For ERG . . .
we're using the same done that we validated &
years ago [steady as she goes). For clone selection,
“phoning a friend™ works well, espedially for more
esoteric antibodies. I also rely heavily on the
published literature. For workhorses like you're
bringing up, the BEST place to go is the NordiQC
website (it's the Scandinavian IHC profidiency
testing “programme”). They go so far as to
recommend spedific protocols {combinations of
platform, done, retrieval, dilution, etc).

nordigc ongfrecommended phip Stay in touch and
Happy Staining, andrew

May 31, 2020, 12:29 P/

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

Hi Andrew! Thanks again for your impressive
handling of the SO awards this year, it seems
like I have been flying by the seat of my
pants all year between online learning,
meetings, etc, but you made it look
effortless. Inspirational! Quick unrelated
question re: the IHC lab. Therme-Fisher
discontinued our toxoplasma ab (clone AB-
1) and I am not sure where to turn to find a
good source for a (relatively) esoteric
antigen. [ think Leica used to sell the
Moveocastra TP3 clone, which seems
reasonable to try (we run Ventanas
w/Ultraview), and nothing jumped out at me
on Biocompare. What clone/supplier de you
use, and do you have other
recommendations for how to search for
commeonly used clones for rare-ish antigens
besides biocompare, pubmed, and nordigc?
Thank you!lll PS Sorry about the Hawkeyes,
who could have guessed the Ducks would
shoot 80% (est.) from the floor 7!

Mar 23, 2021, 7:25 PM

Thanks for your kind words. I use word of mouth 1st
(T'm close with Jason Hornick's lead tech, Mei),
MordiQC 2nd, pubmed third, and Biocompare 4th.
Do you know David Rimm??? He's a "lab guy” but
his lab centers on quantitative IHC/IF of predictive
markers. He's on my CAP Committee and I have
been reading his stuff. HE uses Antibodypedia and

BenchiSai . . . I have not checked these out but mean
to the next time I take a flier on a new marker.
Otherwise, specifically for IDIHC ... Shenf Zaki is
where the buck stops . . . he is the Chief of ID Path at
the CDC. Finally, I don't do this testing, but I'm
happy to put out an APB to the IHC Committee to
see if anyone does. Also . . . for rareish antigens . . .
I'm happy to be your Mei:)

Mar 23, 2021, 7:56 PM

Phil is looking for toxoplasma



Antibody Selection

* Phone a friend (esoteric antibodies)
* Published literature

* NordiQC (workhorses)

* Biocompare

* Antibodypedia

* BenchSci



NordiQC — Scandanavian IHC EQA

&« C @ nordigcorg Y @

PApps @ & CAPIHC-CCFPres.. & CAPIHC-ArmayPre.. ¢ Survey Document.. @ 1543-2165-134.609.. % Chi Square Calculat.. @3 Approved Drugs >.. @3 In Vitro Diagnostics.. »

CRO Infor Modulesv Assessments Protocols Controls Eventsv Login
NordiQC ==L

NordiQC Workshop in Diagnostic
Immunohistochemistry 2021
29 Sep 2021-1 Oct 2021: Aalborg,
Denmark

Ve LS mportant dates

% G Sy ; Run 62, C9
Feid ) e Publication of results
10Jul 2021

Check out our FAQ (Frequently asked
questions) or contact us

IHC for CD56 in two laboratories:

Lab 1 (A+C): Optimal results in tonsil (A) and plasmacytoma (C) using the mAb clone 123C3 by a
carefully calibrated protocol.

In tonsil both normal NK-cells and CD4/CD8 double positive T-cells are distinctively
demonstrated and in the plasmacytoma virtually all neoplastic cells are labeled.

Lab 2 (B+D): Insufficient result using the mAb clone 123C3 by protocol settings with too low
level of analytical sensitivity. Both the proportion, intensity and sharpness of the cells
demonstrated is significantly reduced hampering the read-out.

Results - Run 61, B31, H19




Detailed Platform Specific Protocols

CQO Infor Modulesr Assessments Protocols Controls Eventsv Login
NordiQC =05

Recommended protocols - HER2 IHC

Search: | |

Epitope Staining Platform - Clone name Clone format Version date View
HER2 IHC Dako Autostainer Link 48 + SP3 CONC 21 Aug 2019 PDFE
HER2 IHC Dako Autostainer Link 48 + SP3 Other 30 Dec 2019 PDE
HER2 IHC Dako Autostainer Link 48 + HercepTest (polyclonal) RTU 05 Jan 2021 PDE
HER2 IHC Dako Autostainer Link 48 + Polyclonal CONC 10 Feb 2021 PDE
HER2 IHC Dako Omnis Polyclonal CONC 10 Dec 2020 PDE
HER2 IHC Dako Omnis DG44 RTU 15 Apr 2021 PDE
HER2 IHC Leica BOND Il Oracle (clone CB11) RTU 11 Dec 2019 PDE
HER2 IHC Leica BOND Il Polyclonal CONC 30 Dec 2019 PDFE
HER2 IHC Leica BOND Max SP3 CONC 27 Aug 2019 PDF
HER2 IHC  Ventana Benchmark Ultra SP3 CONC 12 Aug 2019 PDE
HER2 IHC  Ventana Benchmark Ultra SP3 Other 20 Dec 2019 PDE
HER2 IHC  Ventana Benchmark Ultra PATHWAY (clone 4B5) RTU 19 Feb 2021 PDE
HER2 IHC Ventana Benchmark XT Polyclonal CONC 29 Dec 2020 PDE




Biocompare, Antibodypedia, BenchSci
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Optimization

State of the Art in Clinical and Anatomic Pathology

A Practical Approach for Evaluating New Antibodies in
the Clinical Inmunohistochemistry Laboratory

Eric D. Hsi, MD

® Paraffin section immunohistochemistry (IHC) is widely
used in diagnostic surgical pathology. Today, it is difficult
to imagine the practice of surgical pathology without IHC.
The availability of automated immunostainers with reagent
rental contracts makes this technology commonplace. One
potential danger is that many laboratories are now offering
immunostains without significant prior knowledge or ex-
perience in IHC. As part of its mission, the Cell Markers
‘Committee of the College of American Pathologists offers
this manuscript as a basic guide to introducing new anti-
bodies in the clinical IHC laboratory. Issues relating to reg-
ulatory developments, antibody selection, staining optimi-
zation, and test validation are addressed.
(Arch Pathol Lab Med. 2001;125:289-294)

Parafﬁn section immunchistochemistry (IHC) has now
become indispensable in the practice of surgical pa-
thology. We routinely rely on THC ro assist us in the di-
agnosis and classification of neoplasms. A recent 4month
survey of cases accessioned in the Department of Anatom-
ic Pathology at the Cleveland Clinic showed that approx-
imately 153% of cases made use of IHC. No longer limited
to large university-based or reference laboratories, IHC is
also widespread in community hospitals. The reasons for
this widespread use include the proliferation of automated
immunostainers from many vendors, which makes THC
possible without prior technical expertise (thus not re-
quiring significant increases in personnel), and the large
variety of primary antibodies that recognize fixation-re-
sistant epitopes.

Despite the widespread use of [HC, there is a surprising
lack of standardization among IHC laboratories. Occasion-
al articles have appeared detailing potential problems and
putting forth proposals for improving the quality of stains
or standardizing THC. A recent review showed that the
governmental regulations pertaining to IHC primarily ad-
dress general laboratory operations.* Such regulations re-
quire compliance with guidelines regarding standard lab-
oratory manual formats; reagent labeling and storage
practices; equipment maintenance; adequate record keep-
ing; quality control programs (use of appropriate positive

Accepted for publication Sepember 8, 2000.

From the Depariments of Anatomic and Clinical Patholegy, Cleve-
land Clinic Foundation (for the Cell Markers Resource Commimee of
the College of American Pathologists), Cleveland, Ohio.

Repeints: Fric D. Hsi, MD, Head, Section of Hematopathology, De-
panment of Clinical Pathology, L-11 Cleveland Clinic Foundation, 9500
Euclid Ave, Cleveland, OH 44195 {e-mail: hsierccl.org).
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and negative controls); and quality assurance programs
(such as participation in proficiency testing programs ap-
proved by the Clinical Laboratory Improvement Amend-
ments "88). There is little guidance or regulation concern-
ing the desired diagnostic performance requirements of a
particular stain. The National Committee for Clinical Lab-
oratory Standards (NCCLS) consensus guidelines provide
more details about both technical and theoretical aspects
of IHC, and the reader is referred to this document for
further information

A recent occurrence familiar to those who deal with
IHC on a daily basis is the implementation of the Food
and Drug Administration (FDA) ruling on the classifica-
tion of immunchistochemical reagents and kits.” This rul-
ing has led to the classification of the great majority of
immunohistochemical reagents as “Analyte Specific Re-
agents” (ASR).A® Under this ruling, most immunohisto-
chemical staining reagents were reclassified as class |
medical devices, exempting them from premarket notifi-
cation. This classification is allowed because IHC staining
results are incorporated into the diagnostic report by a
pathologist as one part of the entire diagnostic evaluation.
The THC results are not stand-alone results. A few THC
stains, such as estrogen and progesterone receptor stains,
are considered class II devices. These stains have no rou-
tine morphologic correlates but do have substantial and
accepted scientific validation. Class Il devices would in-
clude stains that are not considered part of the surgical
pathology diagnostic process and would result in a stand-
alone report to a physician. Such tests require premarket
notification and specific FDA approval.

The FDA ruling essentially allows THC laboratories to
continue operating as they had been prior to the ruling.
Manufacturers must label the reagents they sell for diag-
nostic use (but for which they have not sought FDA clear-
ance) as ASRs. Manufacturers have the responsibility of
following good manufacturing practices to ensure that an-
tibodies are of consistent high quality and have the spec-
ificities that are claimed. However, a disclaimer is required
in all surgical pathology reports in which ITHC is used that
states that the individual laboratory (not the manufacturer
of reagents) has the ultimate responsibility for assuring
the quality of staining." Thus, the laboratory director has
the duty to provide a high-quality immunostain and to
document its performance.

With this as background, it is the intention of this article
tor guide the reader in what we feel is an appropriate and
practical approach for evaluating new antibodies in the
modern automated IHC laboratory, with brief theoretical

Approach for Fvalusting New Antbodies—Hsi 289

Sample Staining Protocol Worksheet for Evaluating a New Antibody*
Antibody/Specificity: X Vendor: Compa Caftalog #: 327 Lot #1
pe Dag: 4/1/00  Positive Eomml Tissue:u%msil
Primary
Incubation Detection  Formalin-Fixed Hollandes-
Anfigen Retrieval Time, min ~ Defection System Amplification Tissue B5-Fixed Tissue Fixed Tissue
10 mmoliL ditrate, pH & 20 min 32 ABC, DAB Mo 4+ 3+ 2+
10 mmoll. ditrate, pH & 20 min 32 ABC, DAB No 4+ 3+ 2+
10 mmoliL ditrate, pH & 20 min 32 ABC, DAB Mo 4+ 3+ 1+
10 mmoll. ditrate, pH & 20 min 32 ABC, DAB Mo I+ 2+ 1]
60 10 mmoliL ditrate, pH & 20 min 32 ABC, DAB No 2+ 2+ o
0 1 mmaol/l EDTA pH 8, 20 min 32 ABC, DAB Mo 4+ 4+ 3+
0 1 mmal/L EDTA pH &, 20 min 32 ABC, DAB No 4+ 4+ 3+
0 1 mmal/. EDTA pH 8, 20 min 32 ABC, DAB Mo 4+ 4+ 3+
1 mmal/L EDTA pH &, 20 min 32 ABC, DAB No 4+ 4+ 2+
B0 1 mmol/l EDTA pH 8, 20 min 32 ABC, DAB Mo i+ I+ *
0 Protease, 8 min 32 ABC, DAB Mo 2+ 2+ 1+
0 Protease, 8 min 32 ABC, DAB Mo 2+ 1+ 1+
1:40 Protease, 8 min 32 ABC, DAB Mo 1+ o+ *
1:80 Protease, 8 min 32 ABC, DAB MNo 0 0+ o
1:160 Protease, 8 min 32 ABC, DAB No o i+ ]
* Sample waorksheet for the optimization of a monoclonal antibody with a recommended warking dilution of 1:40 demanstrating optimal reactivity

at 1:40 using EDTA-based heat-induced epitope retrieval. These conditions could then be used on a validation series of cases mimicking the
intended diagnostic situation for which the antibody will be used. Scoring is based on the intensity of staining of the approprizte cellular elements
with proper subcellular localization, as well as the proportion of cells expected to be immunoreactive, on a scale of 04+, 0 indicates negative;
1+, weakly positive in a small percentage of the cells expected to be positive; 2+, weakly positive in the majority of the cells expected to be
positive; 3+, moderately positive in the majority of cells expected to be positive; and 4+, strongly positive in all cells expected to be positive.

ABC indicates avidin-biotin complex; DAB, 3,3'-diaminobenzidine.

optimal staining with the correct cellular localization must
be developed.

With the increased sensitivity for detecting antigens
comes the increased ability to detect a false signal due to
nonspecific staining. In particular, it has been shown that
endogenous biotin activity can be retrieved by HIER, caus-
ing false-positive, granular cytoplasmic reactions.® This
phenomenon was responsible for the erroneous report of
inhibin staining in hepatocellular carcinomas that was
subsequently shown to be due to endogenous biotin. =
This source of false-positive staining can be eliminated by
adding a biotin-blocking step.™* Other potential causes of
false-positive staining include endogenous peroxide in
peroxidase-based systems and endogenous phosphatase
in alkaline phosphatase—based systems. Both of these
sources can be minimized by blocking with hydrogen per-
oxide and levamisole, respectively.

DETECTION SYSTEMS

Numerous methods are available for detecting bound
primary antibodies. The most commonly used methods
are indirect enzyme labeling using peroxidase or alkaline
phosphatase. Examples include peroxidase-antiperoxidase
(PAP), alkaline phosphatase-antialkaline phosphatase
(APAAF), labeled streptavidin-biotin peroxidase (LSAB),
and avidin-biotin complex (ABC) methods. Peroxidase
methods seem to be favored for use in most commercial
automated immunostainers in clinical laboratories. New
amplification techniques are also becoming available, in-
cluding dextran polymer conjugates and the tyramide sys-
tem; these techniques can potentially increase sensitivity
by factors of 100 or more™#4 These newer, catalyzed,
signal amplification techniques and catalyzed, reporter de-
position techniques have the potential to offer extreme
sensitivity, which most users are not accustomed to. A
novel amplification system that makes use of mutually at-
tractive antibodies based on species specificities has also

292 Arch Pathol Lab Med—Vol 125, February 2001

recently been described.® This system reportedly increas-
es sensitivity up to 200-fold and avoids use of avidin-bi-
otin detection. A drawback is the additional ime required
for the multiple antibody incubation steps. Whether these
newer methods will be practical and affordable for routine
use in the automated clinical laboratory remains to be
seer.

Chromogen selection can also be important. With the
alkaline phosphatase system, one may use 5-bromo-4-
chloro-3-indonyl  phosphatase /nitroblue  tetrazolium
(BCIP/NBT) to produce a blue-purple product or fast
red /naphthol AS-TR phosphate to give a red product.
Peroxidase systems generally use 3,3"-diaminobenzidine
(DAB) (brown) or 3-amino-9-ethylcarbazole (AEC) (red)
chromogens. The choice of chromogen may be influenced
by personal preference (red vs blue vs brown), sensitivity
issues (peroxidase/DAB tends to be more sensitive than
phosphatase /fast red), safety issues (DAB is a carcinogen),
or technical issues (AEC is soluble in organic solvents and
cannot be used with xylene-based mounting medium). We
have found DAB to be a reliable chromogen that produces
crisp, well-localized reactions that are permanent. Because
DAB is a carcinogen, technicians must handle this chro-
mogen carefully to eliminate the possibility of skin or mu-
cous membrane contact.

FORMAL VALIDATION

Once one has decided to bring a new antibody into the
clinical laboratory and has worked out the optimal stain-
ing conditions, the antibody should be validated on a set
of clinical cases designed to test the diagnostic utility (sen-
sitivity and specificity) of the antibody. In many cases, the
literature provides a guide as to this utility. Although
NCCLS guidelines require that antibodies undergo a val-
idation process in individual laboratories, the details of
this validation are left to the laboratory director® Thus,
one is left balancing the ideal situation of running a com-

Approach for Evaluating New Antibodies—Hsi
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Optimization

After protocol is selected, 20 cases (at least) need to be run to complete validation.

There is no significant background staining and negative cases are negative.
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Validation

CAP Laboratory Improvement Programs

Principles of Analytic Validation
of Immunohistochemical Assays

Guideline From the College of American Pathologists Pathology and Laboratory
Quality Center

Patrick L. Fitzgibbons, MD; Linda A. Bradley, PhD; Lisa A. Fatheree, BS, SCT(ASCP); Randa Akabeh, MD; Regan S. Fulton, MD,
PhD; feffrey D. Goldsmith, MD; Thomas S. Haas, DO; Rouzan G. Karabakhisian, MD, PhD; Patti A loykasek, HT(ASCP);
Monna J. Maroll, MD; Steven S. Shen, MD, PhD; Anthony T Smith, MLS; Paul E. Swanson, MD

« Context.—Laboratories must validate all assays before
they can be used to test patient specimens, but currently
there are no evidence-based guidelines regarding valida-
tion of immunohistochemical assays.

Objective.—To_develop recommendations for inifial
Analytlc validation and of i

were derived f h of evidence,

open comment feedback, and expert panel consensus.
Results.—Fourteen gllidelille statements were established
1o help pathology Laboratries comply with validtion and
asays.

Condusions.—Lab es must 4 t

iical assay

Do, —The College of American Pathologists Pathol-
ogy and Laboratory Quality Center convened a panel of
pathologists and histotechnologists with expertise in
immunohistochemistry to develop validation recommen-
dations. A systematic evidence review was conducted to
address key questions. Electronic searches identified 1463
publications, of which 126 met inclusion criteria and were
extracted. Individual publications were graded for quality,
and the key question findings for strength of evidence.

Accepted for publication February 3, 2014

Supplemental digital content is available for this aicle. See text
for hyperlink
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analytic validation of all immunohistochemical tests before
applying to patient specimens. The parameters for cases
included in validation sets, including number, expression
levels, fixative and processing methods, should take into
account intended use and should be sufficient to ensure
that thelest acarately measures the anabye of nerestin
ested in that are

also pmvldcd for confirming assay performance when
there are changes in test methods, reagents, or equipment.
(Arch Pathol Lab Med. doi: 1Il,5858f]r|n,201$ﬂﬁ]|]-(?)

mmunohistochemical (IHC) testing is an essential com

ponent of the pathologic evaluation of many specimens
and increasingly provides key information that helps
determine how patients are treated. As with any test,
laborataries must ensure that IHC test results are accurate
and reproducible and that the test performs as intended.
Laboratories subject to US regulations are required by the
Clinical Laboratory Improvement Amendments of 1988
(CLLA) to verify the performance characteristics of any assay
used in patient testing before it is placed into clinical
service

Before reporting patient results for unmodified US Food
and Drug Administration (FDA)-cleared or FDA-approved
tests, laboratories must demonstrate performance charac:
teristics for accuracy, precision, and reportable range of test
results that are comparable to those established by the
manufacturer. The laboratory medical director must deter-
mine the extent to which these performance specifications
are verified, based on the method, testing conditions, and
personnel performing the test. Manufacturers of FDA.
approved or FDA-cleared test kits may provide the user
with recommendations and directions for verifying that the
kit is performing according ta the manufacturer’s specifica:
tion. Typically, this is performed by testing known positive

Analytic Validation of Immunohistchemical Assys—Fitzgibbons et al 1

Category

Diagnostic’
Predictive”

ER/HER2 FDA™ 20

ER/HER2 LDT™

* 290% concordance with expected results

** >90% concordance with expected positives
and >95% concordance with expected negatives
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Cohort

10
20
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/20-
/20-
/40-
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Everything you cram and
then immediately forget
after you take Step | . ..

| 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 (+)
-2 ICCor
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

Technical Advances
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Hepatocyte Paraffin 1: A Monoclonal Antibody
that Reacts with Hepatocytes and Can Be Used
for Differential Diagnosis of Hepatic Tumors

Anne E. o A -

and Willam 8. Coleman’
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The antigen for Hep Par 1 antibody is the urea cycle
enzyme carbamoyl phosphate synthetase 1

Samantha L Butler®, Huijia Dong”, Diana Cardona, Minghong fia, Ran Zheng, Haizhen Zhu, James M Crawford
and Chen Liu

Hepatocyte parafiin 1 (Hep Par 1), a murine monacional antibody, is widely used in surgical pathology practice to

the h ongin of I M , identity of the antigen for Mep Par 1 is unknown. The aim of
this study was to characterize the Hep Par 1 antigen. To identify the antigen, immunoprecipitation was used to isolate the
protein from human liver tissue, and a distinct protein band was detected at approximately 165 kDa. The protein band
was also present in small intestinal tissue, but was not present in several other non-fiver tissues nor in theee human
hepno:duhvwmamuﬂ lines, Hn.h 7, MepG2, and LH&4 The protein was purified and analyzed by mass spectro-
metry. it was identified as ¥ ynth, 1 (CPS1). CPS1 is a rate-limiting enzyme in urea cycle and is
located in hondria. We that hepatoid tumors (gastric and yolk sac) were immunoreactive with both
Hep Par 1 antibody and anti-CPS1 antibody, further confirming the results of mass spectrometric analysis. We found that
the three human hepatocellular carcinoma ul lines do not express either CPS1 RNA or protein. We confirmed that the
gene was present in these cell ines, st g that suppe of CPS1 occurs ll lhe transcriptional level.
This finding may have rel mivu genesis, since poorly diff; d b 5 exhibit
paoor to absent emmunoreactivity to Hep Par 1. in conclusion, we have identified the antigen for Hep Par | antbody as a
urea cycle enzyme CPS1. Our results should encourage further investigation of potential role that CPS1 expression plays
in liver pathobiclogy and carcinogenesis.
Latonitory dveitigaton (2008] B8, 18- 83; ot 10,1048 3)0069% onine 19 20

KEYWORDS: Hep Par | antibody, CPSY, iver; urea cycle; Iver cancer

The histodogical distinction between hepatocellular carcine.  embedded tinues, This antibody, named hepatocyte paraffin
mas (HCC) and metastatic adenocarcinoma to the lver can | (Hep Par |, doae OCHIES2.10), was generated using
be & chall il for surgical pabalo. e extracts from a4 formalin.Gxed failed allograft bver.
gists, particularly given |h¢ hnxolowul varlants of HOC that  Subsequent studics showed a high sensitivity and specificity
can occur. In addition, tumors in other sites can display  of Hep Par | for normal hepatocytes and ncoplastic hepatic
hepotodd morpbologic features, adding 1o the dlagnostic  thasue Y* Additonal recent wiudies examined Hep Par |
challenge when considering their metastasis 10 the liver, In  reactivity in & variety of non hepatic tissues, both benlgn und
the end, & wide panel of immunohistochemical murkers s neoplastic.”™™ A luge number of gastric adenocarcinomas
often wsed for the difl | diagi of HOC, cholang show Hep Par | reactivity'' Rare examples of cholingio-
carcinoma and metastatic adesocarcinoma. These markers  carcinomas, yolk ¢ tumor, and adenocarcinomas of the
inchade alpha-fetoprotesn (AFP), polyclonal carcimoem.  ovary, adreaal conex, lung, endocervix, colon, and pancreas
beyonic antigen (pCEA), and alpha- t-antitrypsin.’ None of  have shown focal Hep Par | wtaining™"™"" Hep Par 1t
thee markers, however, are highly specific or semsitive for  reactivity is abo sen in benign small intestingl mucoss and
hepatocyte differentiation. Intestingl metaplasia of the esophagus and ssomach ™
In 1993, Wenaerbery o al” developed a new monoclonal Ahbough the Hep Par | antibody exhibits excellom
antibody specific for hepatocytes in formulin fixed, paraffin weasitivity and specificity for well differentiated bepatocytes,
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Am J Surg Pathol. 2010 Aug:;34(8):1147-54. doi: 10.1097/PAS.0b013e3181e5dffa.

Arginase-1: a new immunohistochemical marker of hepatocytes and hepatocellular neoplasms.
Yan BG1, Gong €, Song J, Krausz T, Tretiakova M, Hyjek E, Al-Ahmadie H, Alves V', Xiao SY, Anders RA, Hart JA.

# Author information

Abstract

The distinction of hepatocellular carcinoma (HCC) from metastatic tumaor in the liver often presents a diagnostic challenge that carries
significant impact on prognostication and therapy. The number of diagnostically useful immunohistochemical markers of hepatocytes is
limited to hepatocyte paraffin antigen (HepPar-1), polyclonal carcinoembryonic antigen, and CD10, with alpha-fetoprotein and glypican-3
labeling HCCs. Arginase-1 (Arg-1) is a binuclear manganese metalloenzyme that catalyzes the hydrolysis of arginine to ornithine and urea.
We used immunohistochemistry to compare the sensitivity of Arg-1 to that of HepPar-1 in 151 HCCs. We found that the overall sensitivities of
Arg-1 and HepPar-1 are 96.0% and 84.1%, respectively. The sensitivities of Arg-1 in well, moderately, and poorly differentiated HCCs are
100%, 96.2%, and 85.7%, respectively, whereas, in comparison, HepPar-1 demonstrated sensitivities of 100%, 83.0%, and 46.4% for well,
moderately, and poorly differentiated tumors, respectively. There were no HCCs in our study that were reactive for HepPar-1 but nonreactive
for Arg-1. We also examined Arg-1 expression in nonhepatocellular tumaors, including many that are potential mimics of HCC (renal cell
carcinomas, neurcendocrine tumors, melanomas, gastric adenocarcinomas, and adrenocaortical carcinomas) and found that only 2 non-HCC
tumors were reactive for Arg-1. Arg-1 represents a sensitive and specific marker of benign and malignant hepatocytes that may ultimately
prove to be a useful diagnostic tool in routine surgical pathology practice.

PMID: 20661013 PMCID: PMC3160135 DOl 10.1097/PAS.0b013e3151e5dffa
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Diagnosis

Benign
liver
lesions

L ot

Detailed Expression Data: Percent Positive (Mean H-score, if positive)

NNL (n=99)
DN (n=8)
FNH (n=32)
HA (n=45)
WD (n=34)
MD (n=104)
PD (n=24)
CC (n=135)
SIA (n=93)

100% (291) 99% (298) 100% (280) 1% (13)
100% (278) 100% (291) 100% (239) 13% (3)
100% (290) Not done 97% (281) Not done
100% (265) Not done 100% (253) Not done
97% (248) 97% (270) 94% (195) 50% (67)
94% (248) 92% (235) 79% (149) 60% (122)
75% (197) 79% (204) 75% (145) 71% (177)
20% (75) 20% (94) 1.5% (67) 8% (49)
38% (125) 42% (127) 0% (0) 2% (9)
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ASL
100% (296)
100% (291)
100% (299)
100% (297)
100% (292)
99% (278)
100% (263)

95% (250)
98% (260)




There were 5 OTC+/HepParl- and 4 OTC-/HepParl+ HCCs
Adding OTC to HepParl Increased Sensitivity from 91% to 94%
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Loss of Hep Par 1 immunoreactivity in the livers of patients with
carbamoyl phosphate synthetase 1 deficiency

Maki Yamaguchi,’ Talsuki R. Kalaoka,” Takahiro Shibayama," Akinari Fukuda,® Atsuko Nakazawa,®
Sachiko Minamiguchi," Takaki Sakurai," Aya Miyagawa-Hayashino," Toru Yorifuji,” Mureo Kasahara,?

Shinji Uemato® and Hironori Haga'

1dem *Organ Transplant Unit, Kyoto University Hospital, Kyoto, *Organ Transplantation
Center, * Division of Clinical Pathology, National Center for Child Health and Developmant, Tokyo, and ®Department of

mmc&mmmm

The hepatocyte paraffin 1 (Hep Par 1) antibody is widely used
as a hepatocyle marker, recognizing carbamoyl phosphate
synthetase 1 (CP51), an essential component of the urea
cycle. Various and ift

occur in the CPST gena. In neonatal patients with homozygous
CP51 deficiency (CPS51D0), urea cycle defects with resulting se-
vere hyperammonemia can be fatal, though liver transplania-
tion provides a complete cure for CPS1D. We performed Hep
Par 1 immunostaining in the explanted livers of 10 iver trans-
plant pafients: with CPS1D0. Seven were negative for Hep Par
1 in the hepatocytes and the other three showed normal
diffuse granular cytoplasmic staining. As expecied, all three
Hep Par 1-positive patients had at least one missense mula-
tion, and all four patients who had only nonsense or frameshift
mutations were Hep Par 1-negative. The other three pafients
were unexpectedly negative for Hep Par 1, even though each
had one missense mutation. These results suggest that
CPS1D can be related o the loss of Hep Par 1 reactivity due
tothe loss of protein production, a one amino acid substitution
resulfing in an aborive protein product, or both. Hep Par 1
immunohistochemistry can be used as a simple method o
confirm CPS1D.

Key words: CPST, Hep Par 1, iver transplantation

Comaspondence: Tatsukd F. Kataoka, MD & PhD, Organ Transplanta-
thon Unit, Kyoto University Hospitel, Sakyo-ku, Kyoto, 606-8507, Japan.
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Hepalocyte paraffin 1 (Hep Par 1, clone OCH1E52.10) is a
mousa monoclonal antibody generaled using extracts from
formalin-fixed liver tissua.' The antibody reacts with the milo-
chondria of hapatocyles and small intestine epithelium, but
not with that of most other tissues.™ Theretors, this antibody
has been used as a marker for hepatocytes and hepatocaliular
neoplasms in surgical pathology practice. More than a decade
after the development of the monoclonal anfibody, the antigen
was identified as carbamoyl phosphate synthetase 1 (CPS1)*
CP51 is the rate-limiting enzyme in the urea cycle, synthesizing
carbamoyl phosphate from bicabonale, adenasing triphos-
phate and ammonia® This enzyme is the most abundant
protein in liver milochondra, accounting for about 20 % of the
tatal mitochondrial proteins * This enzyme is compaosed of an
intersubunil interacting domain, a glutaminase domain, a bicar-
banate phosphornylation domain, a domain of unknown funclion,
a carbamate phosphorylaion domain and an N-acetyl-L-
glutamate binding domain,® which the Hep Par 1 antibody
recognizes is not known. CPS1 deficiency (CPS10; OMIM
#237300) is an autosomal recessive disorder characlerized
by hyperammonemia ranging from neonalally lethal to
environmentally-induced adult-onset disease *® In newbom
patients, hyperammonenmia manifests afler feeding commence-
ment, with symploms such as vomiting, hypothermia, somno-
lenca, lethangy, apnea, seizure, of coma. Though the inilial
medical reatmeant of CPS1D consists of prolain restickon and
medications such as sodium phenylbutyrate, only liver trans-
plantation can offer complete awvoidance of recurrent
hyperammonemia and prevent serious neurclogical damage.®
‘Various types of mutations causing CPS1D hawe bean reparted,
but missense mutations are the most frequently observed
Other mutaions indude small deletions, splice site changes,
nonsense mutations, and small inserions.® To our knowledge,
Hep Par 1 immunoreaclivity has not been sludied in the vers
of patients with CPS1D; therefore, the aim of our study was to




BT

€ - m‘ b "p;‘.:"" : e ’ LIS NN . ;

".’E?."“g.a._x? fg’g’j&i SRt S voe s B S A N et 1 A

4-day-old boy presented comatose with hyperammonemia (9
RR 15-45 pg/dl); transplanted; biochemical dx of OTC deficiency;

missense alteration in exon 9; alive at 15-years follow up










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

ORIGINAL ARTICLE

Distinct Transcriptional Profiles of Adrenocortical

Tumors Uncovered by DNA Microarray Analysis Diagnostic and Prognostic Biomarkers of Adrenal

Cortical Carcinoma

i Ozgur Mete, MD,*t} Hasan Gucer, MD.§ Mehmer Kefeli MD, | and Svivia L. Asa MD, PhD*}}

Thomas J. Giordanc,* Datydd G. Thomas,*
Rork Kuick,” Michelle Lizyness,” David E. Misek,
Angela L Smith,* Donita Sanders,*

Rima T. Ajundl.* Paul G. Gauger,*

Nomman W. Thompson,® Jeremy M. G. Taylor,s
and Samir M. Hanash'

Compeehensive expression profiling of tumors using
DNA miceourrays has been used recently for asobecs.
lar Classification aod bioaarker discovery, s well &5

Adstrace: The dugnosis of Jow-grade adrenal cortical curcinoma
IACC) confined o the adrenal gland can be chaflenging, Although
there are dmgnostic and prognostic molecular tests for ACC, they
remaln largely wouslzed. We examined the dagnoss: und prog-
ostic vadue of Ahiere win tramework and the immunopeotile
of baurkers iactading IGF-2, proweins volved in cell peo-
liferation and matotc spdle meaulation (K7, pS3, BUBLE,
HURP, NEK21, DNA dumage repasr (PRK. -H2AX), telon
regulation (DAX, ATRX), wit-signaling pathiway (beta-catening
und PIIK sgnaing pattway (FTEN, phospho-mTOR) b 4 tisue
micoarryy of % adencmas and 43 carcinonus that
ackom 2 defiacd by stract criterss, Wess
woe, end mito rate based tumor grade. 1GF.Y and protens
lovolved in cell prolifesation end mitotc spiadle vepulution

el

characterizad for angic

gobul loss of DAXX expression, asd high phospho-m TOR
cxpresice comelutal with discse-{tee survivid, but Wens scoes
and blomarkers falled 10 pesdict adverse cutcome (s low-grade
discuse. Our reselts undercore Qe importance of careful morpho-
ancillary dagutic s0d peogotic

g ssesment couplsd W
Bromarken of ACC

Key Wards: angolovasion, 1GF-2, adresal conical cuscinoma,
reticulin, bioaarken, K367, ptospho-m TOR, DAXX, tumor grade

o J Swry Pashol 201822

drenal cortical carcinoma (ACC) is & rare endocrine
malignancy with variable morbidity and moctality

2 wol to ideatify and investigate genes involved in §  (K#7, psi BURIR HURP. NEK2), DNA dsmge potelis  ACCs with distant metastasis andfor invasive growth are
morigencsis. Application of this approach o 2 o jPBK, -H2AX), repulaton of wlomeses (DAXX, ATRX). a0d  oyqy 15 pecognize. However, the distinction of noaivasive
< & he il 8 | bemcatenin reveulad characteriaic expremion profles ensbling oo i ACC from adremal cortical adenoma (ACA )
et of benign and malignant sdrenocortical tssocs
would be potentially informative in all of duse s [ e dinincticn of candacmus from adenomas. Not all Bomarers ooy 5 diagnostic challenge” that has resulted in the use of
o, 1 T Sy Wi ‘painesvied. SAsbitgriundt P wem informative in sl carncimomas. IGF-2 was the mest Wfil  germe such a3 "atypical ademoma” or ~adrenal cortical
1 bomarker of malignancy inespective of wmor grade and -
profiles of 11 adrenocortical carcinomes (ACCs), 4 - ¥ acoplasm of uncertain malignant potential
atossncasiicel adensmes CACKEY: 3 aasmal slrtass | cywmwephologic festures, s fusmnuclenr Golgl-patters 1GF.2 Tho siss and weight of sn adswel cortical neoplsss
; cesctivity aptimised for high specficty was akentified in up o 507 i sht to e “
oo aOIR),. 508 3. atsenadnter  ypiy . ! o L.us.nmu‘u. sod o JJa‘l wnas. Loss ruther than |'ul|l tve YN ieliilty WGmpit: b Yo winfis yusssmsions o the. e
(MNH) using Affymctrix HG U9SAY 2 oligonucleotide | - . v e unction of makgnancy; however, large tumor sz andlor
Aot Rt aag 1650 ANt e ThE o | sheration of the retcudin framework yiekdod satinical RIS by rumor weight g0 not always indicate wnequivocal
A e ARt g i u“'"__"‘wn. postng § o beoweos cucinoma sad adescns. Augeivasion dcaod 45 makenuncy As @ coasequence, several algorithms and
hhical chusier analysis as well as principal component ! b clls vding though o vessel wall snd i vsulst MO0 orne whemes Rave been proposed fo distmguish ACK
analysis 10 visually represent the cxpression data. AR nstng I | ol admised with theombus peoved 1 be the best ORRORK  froen adenoms. ' The Weiss and moxdified Weiss scoring
analysia of variance on the theee chmses (NC, ACA gna ) [ mmaw. pedcing » oome @ the el whort 4% wchemes have limitations as they fail to copture all
b 1oy | well an withis low.grade ACCs. Low mitotks tumor grade, Wets — ACCs ‘A0 1y sddition. interobserver variation i the
pliis MNH, i ACC) reveated 91 gemes tut displayed . 3 : ar. | 3 v ¢
wt least threcfold diffcrential cxpression betwern the X y i ion or application of certain morphologie criteria
AMC cohort and both the NC and ACA cobuowts ot & A P L *Drpastment of Putholegy, Usivemily Heshh Network adds another level of complexity to the reproducibility

significance level of I < 0.01, Included in these 91
penes were those haowd W be up regulated i adec
eocortical tuosrs, sich ax i udio Jike growth facior
(GF2), 2 well as aovel differentially expressed gemes

u

sach as astcopontin (SPF) and serine
e 15 (STKIS). acreased expression of 1GF2 was
identified in 10 0f 11 ACC (90.9%) and was verified
by quantiiative reverse  Lrammcripase polymerase
chatn renction. Sclect proliferation relsted  geies
(POP24 and Ki67) were vallduted ot the peoscin bevel
Wl e aobiinsos hemintry and sdecmoconkoal ts
s adcroarray s, Our residin deminstrated signilloant
e conmistent gene ox preskn «Bages i ACCs com
pared to benign sdecnocortical leskom. Mareaver, we
e ntified several geoes Uhat represent potentiol dhag
st markers and may pley o role o the pattiogen.
onls Oof ACC,  (Am ] Pl 2008 162521-531)
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of these wores “"™ Although the recently proposed

Melsinki score''** hus been validdated in 3 recent series, &

reticulin algorithm” ' that has shown promise in the di

agnosts of carcinoma resains o be validated in additional
senies

To complicat the matter, intratumonl morphologi:

and molecular has been recognized
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m thee neoplass. Microscopic regioes with low-grade pro
iferative features can be encountered in high grade ACCs, and
bwgmde ACCy can contsin areas indstinguishable from
adenonsss. ' Purthermore, recent observations abe wiggest
the possibility of ademoma-carcinoms progresicn i some
wbremal cortical neoplasms ' These iwues ane clinically
reevant with ixcreasng detection of nonfuncioning adrenal
cortical proliferations called “incxdereskomas.
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Adrenal cortical adenoma

Adrenal cortical carcinoma




How to visualize gene expression

IGF2 (insulin like growth factor 2)
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Igf2 is imprinted, with expression resulting favourably from the patemally inherited allele. However. in Gene location (Human)
Protexpor some human brain regions a loss of imprinting occurs resulting in both IGF2 and H19 being

L
e
Gone location (Mouss) D+ faryetik |

transcribed from both parental alleles. !/ Sl el
RNA expression pattermn fhide]

The protein CTCF is involved in repressing expression of the gene, by binding to the H18 imprinting —

Languo; o control region (ICR) along with Differentially-methylated Region-1 (DMR1) and Matrix Attachment

Boaman Region =3 (MARS). These three DNA sequences bind to CTCF in a way that limits downstream R
enhancer access o the Igf2 region. The mechanism in which CTCF binds to these regions is currently iy a4
unknown, but could include either a direct DNA-CTCF interaction or it could possibly be mediated by . mwm:;‘;‘_"[
other proteins. In mammals (mice, humans, pigs), only the allele for insuiin-fike growth factor-2 (IGF2) SuperanenicalGangion I
inherited from one's father is active; that inherited from the mother is not — a phenomenon called B TSR e [ eul:l‘llftle‘i

imprinting. The mechanism: the mother's allele has an insulator between the IGF2 promoter and
enhancer. So does the father's allele, but in his case, the insulator has been methylated. CTCF

longer bind to the insulator, and so the enhancer is now free to tum on the father's IGF2 prom " i
Seinweeed |
2 Edt ink Fypntnawmn 1
Function {est] i
gL

The major role of IGF-2 s as a growth promoting hormone during gestation. Foriewl e
Hegulsnbiangits |

IGF-2 exerts its effects by binding to the IGF-1 receptor and to the short isoform of the insulin receptor OnguiateCar

(IR-A or exon 11-).1¥ IGF 2 may also bind to the IGF-2 receptor (aiso called the cation-independent
mannose 6-phosphate receptor), which acts s a signalling antagonist; that s, to prevent IGF:

responses.
In the process of folliculogenesis, IGF-2 is created by thecal cells to act in an autocrine manner on the
theca c: % IGF2
promotes granulosa cell proliferation during the follicular phase of the menstrual cycle, acting
alongside foliicle stimuiating hormone (FSH).! After ovulation has occurred, IGF-2 promotes
progesterone secretion during the luteal phase of the menstrual cycle, together with lutsinizing
hormone (LH). Thus, IGF2 acts as a co-hormone together with both FSH and LH.

emselves, and in a paracrine manner on granulosa cells in the ovary.

sk L WRLels L
T Myl
e+ Minacytes

Craetlona |

A study at the Mount Sinai School of Medicine found that IGF-2 may be linked to memory and a0 i 0D 000 1000 12000

reproduction.!'!} A study at the European Neuroscience Institute-Goettingen (Germany) found that
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The “Floridly” Positive NET/NECs
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IGF2 Expression in Neuroendocrine Neoplasms

" Mean H-score

Tumor Type

Pheochromocytoma

Paraganglioma
Pancreas NET
Jejunoileum NET

Medullary thyroid
carcinoma

Lung NET
Duodenal NET

Appendiceal NET

Gangliocytic
paraganglioma

100%

87%
19%
0%

14%

16%

14%

80%
7%

0%

270 (300)

235 (270)
129 (145)
NA

9(7)

124 (10)
13 (13)
22 (20)
45 (7)

NA



Algorithm to distinguish
PHEO/PARA vs NET/NEC

Epithelioid neoplasm

CgA and Syn diffuse +

3

Neuroendocrine
neoplasm ﬂ
NET/NEC

—

PHEO/PARA




Because Life is Full of Wonderful Coincidences

Isabelle >

POITOC Ol Lty 11T MM In.

IGF2 and para/pheo... wasnt
that my project with u

Yes ... so ... | thought it was
hilarious that your dad is the
world's expert, which | imagine

you had no idea about???

Makes for a great Grand
Rounds anecdote

lol i actually do recall him
talking about IGF2 and CRC and
trying to get me to read his
papers and me not wanting to
growing up

[CANCER RESEARCH 62, 6442-644, Noversher 15, 2007)

Advances in Brief

Loss of Imprinting in Colorectal Cancer Linked to Hypomethylation of

H19 and IGF2'

Hengmi Cui, Patrick Onyango, Sheri Brandenburg, Yigian
Instisvse of Genetie Medicine and Deparowent of Mudicine [H.C, P.O. S B, ¥ W

[A P F), Jobws Hophins Universty School of Medicine, Bolmore, Maryland 2103
Southern California School of Medicine. Lax Augeles. California 90033 [C-L H |

Abstract

Epigenetic alterativas in human cancers include global DNA hypom-
cthylation, gene hypomethylation and promoter hypermethylation, and
lows of imprinting (LOI) of the insulin-fike growth factor-Il gene (/GF2).
A ism for LOT il is ion of a
differentially methylated region (DMR) Ipﬂm- -llh lll’ gene, allow-

ing activation of the normally silent maternal allele of /GF2. Here we show
that this mechanism does not apply to colorectal cancers, which shaw
hypomethylation of the /79 DMR as well as # DMR upstream of exon 3
of IGF2. This hypomethylation is found in both colorectal cancers and
normal mucesa from the same patients, and in cell lines with somatic cell
knockout of DNA methyltransferases DNMNT! and DNMTIE, These data
suggest that hypomethylation is 4 mechanism for LOL, that the popular
JGF2.H19 enhancer competiti model for IGF2 imprinting dees not
apply to the human colon, and that an alternative medel for LOT would
involve a transcriptional repressor acting on the normally silent maternal
allele of IGF2.

Introduction

Epigenctic alterations in human cancer, Le, alterations in the ge-
nome other than the DNA sequence itself, were first d;unh\\l n 10)(3
by Feinberg und \'ugtl:hm (1), who found widesp T

Wau, Chih-Lin Hsich, and Andrew P. Feinberg®

4. P-F ). and Deparsments of Molecular Riokogy anmd Genesics, and Oncology Center
awd Deparonenss of Urology and Riochemistry amd Moleculsr Bivlogy. University of

LOI appear in children who develop cancer at a later age, accounting
for the bimodal age distribution of Wilms® tumor (12). LOI was linked
10 increased methylation, because Wilms' tumors with LOI of JGF2,
Le., activation of the normally silent maternal allele, show aberrant
methylation of the normally unmethylated maternal allele of @ DMR
upstream of the H19 gene on the same chromosome (20, 21). This
result is consistent with the enhancer competition model for regulation
of H19 imprinting. By this model, /GF2 and H19 promoters compete
on the same chromosome for a shared enhancer, and access of the
maternal JGF2 allele w this enhancer is blocked by the H/9 DMR
when unmethylated, likely because of the msulator sctivity of CTCF
binding 1o the unmethylated /#/9 DMR (Refs. 22-26) Indeed, we
observed that in Wilms' tumor, methylation of the maternal #/9
DMR includes CTCF-binding sites (27). These results would suggest
that increased or ectopic sctivity of 3 DNA methyltransferase might
lead 10 aberrunt methylation of the maternal /79 DMR.

Therefore, we were surprised to observe that HCT116, 8 CRC line
with normal of IGF2, s hyp hylated at H19 and
retains normal imprinting after somatic cell knockout of the mainte-
nance DNA methyltransferase DNMT! but loses imprinting after
wbwquml somatic cell knockout of DNMT3B (28), a de novo meth-

lation of genes in CRCs” and in p I d Epigenetic
by | & | subsequently include global genomic hypo-
thylation (2), promoter hyp hyk of CpG islands (3, 4), and
LOI (5, 6), or loss of the normal parent of origin-dependent gene
silencing, affecting at least the genes IGF2, PEGI, p73, and LITI
(3-11). LOI of 1GF2 causes overexpression of JGF2 (12), an impor-
tant swtocrine growth fisctor in cancer. LOI was first identified in
embryonal wmors in childhood, including Wilms' tumor, in which it
is the most common molecular alteration (S, 6), as well as rhabdomy-
osarcoma (13) and hepatoblastoma (14). LOI was also later found in
common adult malignancies including ovarian (15), colon (16), lung
(17), and bladder cancer (18), as well as chronic myelogenous leuke-
mia (19). In CRC, LOL is particularly important because it is found
commonly in both the tumor and normal tissue of patients with CRC,
at ~3-fold higher frequency then in patients without colon tumors
(16), and, thus, LOI may represent the only common alteration linked
to cancer that is found in normal tissue
In Wilms" tumors, appeoximately half of tumors appear to arise by
an epigenetic mechanism involving LOI rather than genetic alterations
involving, for example, WT1 mutations and LOH, und the tumors with

Reveivad 102, sceoped 10402

The costs of publication of this article were defsuyed i past by the paymest of page
charges. This aticle must therefore be horoby marked advertisement in sccundance with
IR US.C Section 1734 sobely 1o b this fact

! Suppontod by NIH Const ROI CAMSIES (A P 1)

To whimn roguests for repeints shoukd be sddressed. at Ross 1064, Jolws Hophine
University School of Madicne, 720 Rutiand Avenue, Baltiore, MD 21203 Phose
A10) LA, § 10) 6149819 E-mail adesaberyic s edu

* The sbbeeviations wed ar CRC, colorsctal cancer, LOI, loss of smgeinting. 1O
Ko of heveroyosity. DMIL differentially methylmed region

fi . that is able to methylste unmethylated sequences
and is necessary {m normal imprinting (29, 30). This result implies
that the loss of methylation, rather than the gain of methylation.
causes LOI in CRC. To b:u:v determine whether LOL in (R(
involves  hyp i I hylats we i
genomic sequencing analysis l)w resull\ differ from past studies, and
they also suggest a model of /GF2 imprinting in at least the colon that
differs from the conventional view of enhancer competition between
1GF2 and HI9.

Materials and Methods

Bisulfite Sequencing Analysis. /9 CTCF binding site | (CBS1) was
analyred a described earlser (27). CBSO conesponds to GenBank suckotides
TRSS-K192 (accesmson no. AFI25IKY) and wan analyzed after baulfite treut
ment using pomens S GAGTTTGGGOGGTTTTTGTATAGTAT-Y and §
CTTAAATCCCAAACCATAACACTAY, followed by 5" GTATATGGG
TATTTITTGGAGGT ) and S CCATAACACTAAAACCCTCAA-Y, both
annealing at 55°C. The JGF2 DMR sequence analyzed corresponds to Gen-
Bank nucleotides 631859 (accousion mo. Y13613), and was analysed after
bisulfite  trestment  using  poumens  SLOGGAATGTTTATTTATGTAT
GAAG-)' and 5" TAAAAACCTCCTOCACCTOC Y, annealing at 55°C, fl-
lowed by S“TAATTTATITAGGGTGGTGTTY and S TCCAAACAC.
COCCACCTTAA-Y, snncaling at S0°C. Other comditions are s described
earbier (27)

Methyltransferave Activity Analysis. Jn vio functional snalyss was
performed using the 20WEBNAL cell lime as described (31) and the
PEDNAIMyc vector containing full-length DNMTIB coding sequences, and
P2202 (32) us the assay plasmid. Cotranafected tanget DNA was digented with
the methylaton-sensitive resincton endonuclease Hpall, and Scuthern bot
wan perfornsed using p220 2 as # probe. All of the transfections were done in
duplscate oe triplscate for cach experiment

o4
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PAX8 Fusion Protein
Catalog number: Ag0306

- MSDS
Datasheet
Product Name: human PAX8-GST fusion protein
Catalog No: Ag0306
Source: e coli.-derived, PGEX-4T
Peptide Sequence: MPHNSIRSGHGGLNOLGGAFVNGRPLPEVVRORIVDLAHOQGVRPCDISROLRVSHG

CVSKILGRYYETGSIRPGVIGGSKPKVATPKVVEKIGDYKRQNPTMFAWEIRDRLLAEG
VCDNDTVPSVSSINRIIRTKVQQPFNLPMDSCVATKSLSPGHTLIPSSAVTPPESPQSD
SLGSTYSINGLLGIAQPGSDKRKMDDSDQDSCRLSIDS

(1-212 aa encoded by BCO01060)



Alignment of PAX8 and PAX5 Proteins
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Polyclonal vs Monoclonal PAX8 in

Thoracic Patho

Utility of PAX8 mouse monoclonal antibody in the diagnosis
of thyroid, thymic, pleural and lung tumours: a comparison
with polyclonal PAX8 antibody

Akane Tortyama,'~ Talsuke Mort,* * Shigeki Sekine,'* Akihiko Yoshida ' Okio Hino* &
Kojl Tsuta

M n of Pathology and Clindead Laboratorses, Nattonal Cancer ( “Departnens of

¥ Juntends University U el Cancer Center

h Irestitute. Tokyo, fepun, and *Depe thologqy and Oncology. Juntensdo Untversity School of Medictne

Tortyama A, Mon T, Sekine S, Yoshida A, Hino O & Tsuta K
2014) Histopathology 65, 465472

Utility of PAX8 mouse monocional antibody in the diagnosis of thyroid, thymic, pleural
and lung tumours: a comparison with polyclonal PAX8 antibody

Anms. The parpese of this study wis to compare the  polyclonal PAXS antibodies showed a high positive
snmunchistochemical staining profiles of PAXX-poly rate (98.0°%). OF 167 polyclonal PAXS antibody.post

clonal, PAXS.monoclonal.  PAXS.-monoclonal  and tive tumours, except for thyrodd tumears, 54 cases
PAXf-menocional untibodies i several histological  tested positive for PAXS and/or PAXS (31 lung curct
types of primary thorack and thyrodd tumours. In nomas and 2) thymic wmeurs). No PAXY mRNA
addition. we analysed PAXN mRNA expresion by  expression was detected using RNAswope (In-situ
using Invsitn bybeidization hybrdization  teche ) r than In W

Methods ard

sults: We compared palyclonal PAXS  tumours. A portion of polyclonal PAXS antibod:
PAXS, PAXS and PAXH antbodies  tive tumours showed crosseeactivity for PAXS or

and monocl
m 962 samples (6K7 lung carcinomis, 40 malignant PAXS protem

pleural mesotheliomas, 118 thymic tumoears and 47

Meooclonal PAXS  antibody  showed
wray tech
and

thyrodd tumours) using the twoae m

rod tumeuns and was superior
ody

nique. Amoag thyrold tumaurs, the me

Keywords: crossrvactivity, lmmunobistochemistry, PAXK, thoracke emaurs

Introduction present with typicad morphology the Sognoss b

straightiorwand, and immunobistochemucal stataing
by

nen more chalkengng bmmuno

The lung s the most common ste of metastusts for 1 not  pecess

lowever. | flerentiated

madignant tumouns, The distinction of peimary lung tmour

an metastate (mour is important, because  staning
pent modalities and pe

transcription factoe- (TTV.1) b o

for these two yeful positiy et for confben adenocarcinmna

kesons are quite dfferent. When lung  tumours

i W unknown primary sie as a pulmen

wigin.  However, staining for TIV.), s the name

wrobd tumourns
s tar PAXE b o

human Us

implies. ts abo posttive i

The paired box tram

nephine lneage transong
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suen. I I expeessed i various
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Table 1. Positive cases stained with polyclonal PAX8, monoclonal PAXB, PAX5, and PAXE antibodies

Tumour types

Staining pattern in neoplastic cells, no. (%)

PAX8 polyclonal

PAX8 monaclonal

PAX5

PAX6

Lung tumours
Adenocarcinoma (7 = 253)

6 (2.4)

0

00

26 (10.3)

Squamous cell carcinoma (7 = 158)

3(19)

00y

0(0)

29 (18.4)

Large cell neuroendocrine carcinoma (n = 106) 17 (16.0) 0 (o) 7 (6.6) 20 (18.9)
Small cell carcinoma (m = 67) 27 (40.3) 00 16(23.9) 20 (29.9)
Carcinoid tumour (i = 51) 0 (0) 0 (o) 1(2.0) 7(13.7)
Pleomarphic carcinoma (7 = 41) 0 (0 0 00 2(4.9)

Large cell carcinoma (7 = 11)

2(181)

00y

0{0)

3(273)

Malignant pleural mesothelioma (n = 40) 0 (0) 0 (0) 00 5(12.5)
Thymic tumours
Thymoma (n = 102) 91 (89.2) 0 (o) 0 (0} 16 (15.7)

Thymic carcinoma (n = 36)

21 (58.3)

0o

7(19.4)

4(11.1)

TIyTONd TUmours
Papillary carcinoma (n = BO)

79 (98.B)

78 (97.5)

0 (0}

0 (0)

Follicular carcinoma (n = 7)

7 (100)

7 (100)

0(0)

1(14.3)

Undifferentiated carcinoma (m = 5)

4 (80.0)

5 (100)

0 (0)

2 (40.09

Follicular adenoma (7 = 5)

5 (100)

5 (100)

00

0 ()




ISL1 and PAX6

Insulin gene enhancer binding PAXS8 Is Expressed in Pancreatic

- - § 3 - .
protellnllsl-l lfs a Te'mber of a : Well-Differentiated Neuroendocrine
noveil Ciass ot proteins < . .
coulalnies botll: o & Tumors and in Extrapancreatic Poorly
agd a Cys-His domain 3 Differentiated Neuroendocrine
Olof Karison, Stefan Thor, Torbiorn Norbers, . Cfﬂrcmomas in Fine-Needle Aspiration
Helena Ohisson & Thomas Edlund ::; Bl()psy Specnnens

Department of Microbiology, University of Umed, S-901 87 Umed, Sweden Claudia M MD": Anlaur R. Sanaol. MDY ; \ K. Pal. ME
audia M, Haynes, MD', Ankur R. Sangol, MD*, and Reetest al, MD

120
n=5

Human Mouse

=
40
ND
et Ll

Independent requirement
for ISL1 in formation of
pancreatic mesenchyme
andislet cells

8

16 JANUARY 1997

to Pax5 (A ACt)

UIf Ahigren*, Samuel L. Pfaff!:, Thomas M. Jessell!,
Thomas Edlund® & Helena Edlund’

NATURE | VOL 385

Relative expression levels as compared

Pax6 Pax4 Pax8 Pax6 Pax4 Pax8

Polyclonal PAX8 Monoclonal PAX8

ISL1 homozygous knockout fails to develop islets Lorenzo P, et al. Histochem Cell Bio. 2011:136:595-607.




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
I TTF-1 CDX2 pPAX8 PAX6 ISLL

Lung (n=20) 35 5 0 0 0

Stomach (n=14) 0 7 0 0 7
Duodenum (n=22) 0 48 |5 62 B2
Pancreas primary (n=57) 0 14 |2 79 p1
Pancreas metastatic (n=13) 0 0 0 69 B5
ejunoileum primary (n=66) 0 97 O 0 2
ejunoileum metastatic (n=41) [ 83 0 0 2
Appendix (n=15) 0 100 O 20 47
Rectum (n=17) 0 12 O 56 87
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thymus development PAX X

Q Al L] Images [E News ¢ Shopping [] Videos i More Settings

About 335,000 results (0.44 seconds)

https://pubmed.ncbi.nim.nih.gov» ...

Pax1 is expressed during development of the thymus ...

by J Wallin - 1996 - Cited by 217 — Expression of Pax1 in thymus epithelium is necessary for
establishing the thymus microenvironment required for normal T cell maturation. Mutations in
the Pax-1 ...

v Q

Tools

]
Anti-Pax1, clone 5A2
Pl.lb ed gov PAXL amibodﬂ e m Menoclonal Antibody

Advanced Create alert Create RSS User Guide Cat. £ MABE1115

; ot - : s e o smbors o
Save Erniail Send to Sorted by: Publication date [ = Display options -
Applications Species Aniibody ?_:" Host "":‘;“' Accession &
s ne n oz A i eicn e s
12 results
Immunogen GST-tagged fulllength murine recombinant paired box protein Pax-1.
Specificity Clone 5A2 detects Paired box protein Pax-1 in murine tissues.
RESLLTS BY YEAR [J Differential transactivation of the upstream aggrecan enhancer regulated by Species Cross-reactivity  Mouse (M), Human (H).
1 PAX1/9 depends on SOX3-driven transactivation. Molecutar Wight ~45 KD shserued: 48,26 Da caculsis, Uncharacterized bands may b
a v - . . R observed in some lysate(s).
¥ = Cite  Takimoto A, Kokubu C, Watanabe H, Sakuma T, Yamamocto T, Kondoh G, Hiraki Y, Shukunami C.
- . - - . Method of Purification Protein G purified
Sci Rep. 2019 Mar 14;9(1):4605. doi: 10.1038/541598-019-40810-4.
Share  oMID: 30872687  Free PMC article. Fresenttion Ghveine (o 7.5 150 T HaCT w5 0% Sochum assbe Wbt shyoeror
I I I I I I I{_ Significant Acan upregulation was observed during chondrification of Pax1-silenced AF cells, while, Acan Storage and Handling  Stable for 1 year at 2-8°C from date of receipt
L et was significantly downregulated by persistent expression of Pax1 in cartilage. ..Coimmunoprecipitation Quality Control Testing  Evaluated by Westem Blotting in mouse esophagus tissus lysate.
1993 2021 revealed the physical interaction of Pax1 with SOX ... Western Blotting Analysis (WB): 1 pgimL of this antibody detected Pax1 in

[] abstract 7
[] Free full text Cite
[ Full text Share

[ | Associated data

Pack Size 100 pg

Lot # Q2925856 Concentration: 1 mgimL

Certificate of Analysis

Your Partner in Research
1800 MILLIPCRE

10 pg of mouse esophagus tissue lysate.

Additional Applications ~ Westem Blotting Analysis (WB): A representative lot detected Paxi in
Westem Blotting applications (Feederle. R., et al. (2016). Monoglon Antib

Generation of Pax1/PAX1-5pecific Monoclonal Antibodies. Imminodiagn Immunother. [Epub ahead of pinl).
Feederle R, Gerber JK, Middleton A, Northrup E, Kist R, Kremmer E, Peters H. Immunchistochemisiry Anslysis (HC): A represeniatve Iof detected Paxt in
\mmunnhlsmmemlstry applications (Feederle, R., et al (2016). Monaclon
Monoclon Antib Immunodiagn Immunother, 2016 Oct;35(5):259-262. doi: 10.1089/mab.2016.0029. Epub [2014) immunodiagn mcm)emnn[ggw ahean of print]; Kist, R.. ef. al.
2016 Oct 5.
(Continued on page 2}
PMID: 27705080
To provide a reagent for reproducible detection of Pax1 expression, we have generated rat monoclonal oot v
antibodies (MAbs) against the murine Pax1 protein. ..The anti-Pax1 MAbs provide a reliable reagent for mmmmw.mm1mcm%1m_mm“mm
ot o e o e oy e

onwr. o comrepon. Furhase
reproducible Pax1/PAX1 protein ex e o s 2 3 SorC o 2 5 et 4 e A e e o . A8 A S e e ana
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PAX1 ISH Expression in E14.5 Mouse
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PAX1 Results

PAX1 expression is present in:

91% thymic tumors :

° 94% thymomas (mean/Median H-score-198/210)
o 70% thymic carcinoma (mean/Median H-score- 144/145)

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

3.5% of non-thymic carcinomas with mean (median) H-score of 15 (5) [p<0.0001%]

6 thyroid carcinomas (14%)
4 squamous cell carcinomas (2%[2 lung (8%)])
- 3 urothelial carcinomas (7%)

» 1 breast carcinoma (10%)

A (n=3)

AB (n=15)
B1 (n=19)
B2 (n=22)
B3 (n=10)

100
100
89
95
90

221 (200)
199 (215)
190 (220)
191 (190)
217 (245)



Derivatives of Pharyngeal Pouches

1* pharyngeal pouch

2" pharyngeal pouch

3'Y pharyngeal pouch

4'" pharyngeal pouch
Laryngeal orifice

. Foramen cecum

Auditory tube

Tympanic cavity

9. External auditory meatus
10. Palatine tonsil

11. Inferior parathyroid gland
12. Thymus

13. Superior parathyroid gland
14. Ultimobranchial body

15. Cervical sinus

16. 1* pharyngeal cleft
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Andrew Bellizzi
x) @IHC_guy

Next Generation Immunohistochemistry Strikes Again!!!
Kudos to Dr. Charville's Team!!!

DDIT3 Immunochistochemistry Is a Useful Tool for the...:
The American Journal of Surgical Pathology

journals.lww.com/ajsp/Fulitext/...

@JMGardnerMD @MArnold_PedPath @sanamlioghavi
@DennisOMalleyMD
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/U The PathPod Podcast

The #PathPod crew is taking a break this week to enjoy
#ASCP2020, but look what the chromogen sibling have
cooking for next week! Welcome @Greg_Charville to
#IHCtalk on DDIT3 IHC
(Journals.lww.com/ajsp/Abstract/...) and welcome to
Twitter!

@sanamloghavi @IHC_guy @MArnold_PedPath

5 34 DM

T 3

Sep 10, 2020 - Twitter for iPhone



Lobulated, more cellular
periphery, osteoclast-like GCs

Bi- & multipolar stellate cells




The Straw That Broke the Camel’s Back

Preliminary Diagnosis**

A Bone, Specify: Looks like a hypercellular cartilaginous proliferation, | think there is some ostecid production although the decal
makes it hard, favor chondroblastic osteosarcoma but | quess it could be something benign

ND to JJD



Genetics of Chondromyxoid Fibroma

E—. & LETTERS

Jre T p———— oy

Masexs Parscuoar 3305,

genetics
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Chondromyxoid fibroma, 2
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chondromyxoid fibroma sa
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represents a distinct transic
breakpoint and identify th
positional cloning strategy ¢
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Modern Pathology (20089) 22,
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GRM1 gene expression levels
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Keywords: chondromyxod |

Chandromyxoid fibroma is 200 "

bone that was fist describe
stedn’ in 1948, Chondromyx
monly arises in the second

Life** and typically invalves o N
banes. Histopathalogically, | rrrrrrrrTrrrTrrrrTr T T

ized by spindle shaped or st Case 72 9 01 2 200000004 .2 \QQ«QQ’\ q:}, e CONtrol tuMors —————————y
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Contar, Ovmabs, NE 081083333 UNA described as the sole anomaly in two chondromyx o : . x o o
. oid fibromas*™ and as a component of momw - ! e o s . .
-

complex karyotypes in three other chondromyxoid
fibromas **"'  In this study., an  identical

. u Ay BT —
2000 published wnline 31

18/20 (90%) CMF showed 100-1400 fold increased expression
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mGIluR1 (clone JM11-61; Novus; Lp

H: 1:200; 30’-30’




Test Characteristics

One false positive at low positive threshold

\

i -~
T2 . / / - ’
- ) v ’
- ’ -
- L .
. .
» - -~ -t
h - - . .
-
] ' . X g

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)




Diagnostic Utility of mGIluR1

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)

Unusual location

5. Limited pathologist experience
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49-year-old with lytic ulnar lesion extending through cortex







extension to the medial cortex and associated
periosteal reaction and soft tissue edema
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Original article

ERG expression in chondrogenic bone and soft

tissue tumours

Wonwoo Shon,’ Andrew L Folpe, Karen | Fritchie?

ABSTRACT

Aim We studed BRG expresion o 2 lamge senies of
bone and soft tisue Aamours 10 aues the

walse of ERG 25 2 posuble mavker of chondoid/

s difesertiation

Methods Famain-for, prafin-embedded whok

sectioms from 111 bore and sokt Smue tumours with

B Kasan | Fradve, Depammane
o Liborstay NeScse ad
Pathology, 200 Faem Shwet SN
Maye Closc, Rodwan

VN 55905, LSA

Nichee banrrvap.eds

Rcwved 18 Augus J0M4
Roviiant 7 Qb 2004
Accpd 19 Qo 2014
Plsadwd Crdo Fog

§ foante 2004

hordroid il R hokogy a2 may mimic
ani diff were retneved.
Immunchssochemizy wes perfomed using ant-ERG

monodonal antibody deected agand the N terminus,
Nudear ganing wers scored as negative (<S%1, 1+ 5%
25%) 2+ (26%-50%), 3+ AN
Results Nudea ERG expeusion was seen m 2 cases of
wht Ssswe chondoma (8], thandromysod fibroma (7],
chandinblese catecsarcoma {6) and dewr cel

(). w2 Cl do 2
were abo postee for ERG. in cases of dedif

heesde h

severad solft masuc n our ¢
practice, we wnderrook a luge retrospective spady
of ERG expessason b & broad variety of chondro-
gen mesenchymal umouns 1o sscs 2 Sugnostic
wic 3% 4 marker of chosdrogenccarnlaginous B
ferentiation, given its role 2 & rranscripeon factor
i the regulisan,

MATERIALS AND METHODS

This eudy was approved by the Mapo Clhac
Insenmonal Review Boand Furmalio-fixal, paraffio-
embedded whole tssac sections from 111 dhondeo-
geic boae and wit naue tumouss were obailned
from the wnchives of de Mayo Clink indoding

i ar 1, ded 1 chandre

coma (14 cases), comventional chondrossecoma (12
cases), choedonss (12 case), muxed pamouriyoe-

cnuh

chondrosarcnme, the wel-dfieentisted component was
pautve n 7/9 cases, while l decifierentiated foo were
regatve. In cses of mesenchymal chondrossicoma, e
Iyaiine cartlage componet v positive in 24 cases,

ke (11 cases), dolera mwvond chomdro-
secoana (Y cnes), chondroblaaoms (8 cases), solt
Suic Gosdn ¥ cases), chomdromxond fbeoma
{7 canesh, chondroblasnc odocaanconss (6 Casey), mes
enchymul chondrossecoma (4 cacs), chandobles
wmathe hondnmaecoms (2 cuey) ad desr ool

mycd
h {49), chongi (/) and mued
umourymyceptheliomas (2/11). Only 112 chordoma wen
poutve for E2G {14), Interestingly, 15/17 enchondromas
were negatve for ERG
Conclusions |n $us sy, we futhe duracionse the
egression of ERG in mesencigmal tamours and found
relatively comstant rudes ERG eapesuion in seleced
chandrogenic tumaurs inckudng convensonal
chondnsrmma, d Shoma,
cstensarcoma and clear cel chondiosycoma. We 3o show
't ERG may be 2 helplul ancilary 1odl in centan selec
dagnogic keranos and that swereness of ERG epression
In wmoury with cartiaginous diferentivson & mportam.

INTRODUCTION

ERG i 4 member of the KTS family of segulasory
transcripean Bactars with diverse Bodogical roles
that inclode the regulason of sngioge and el

e sendn (1 casc) The harologhal dignoses
were confirmed. A representaive tsue block from
cxh cme win wlxted and  immunossined  for
At ERG monodonal mubody m the N e
OFY 1S0-1: 000, MoCae) wdng  hew-induced
cpupe mevieval The meclesr wusuncecasviey of
the rumensr ool wan semsgquantitaively dnowal using
the fallowing scorng scheme: negatve (< 5% of cell
posinive), 1+ (FH-25% of cells postrve), 2+ (26%.-
S0% of celis positive) und 3+ (>51% of cells posi-
el When svailsble, aonnal aududelul cells swvan.
ably saved as & poseive seernal contrul and caes
without postive mtemal coneob (mod likely due 1o
hanh decalaficasn) weee not imduded i the sady

RESULTS

The immunchstochemical rowles e wamarised

in rable 1 Al cases of solt e chondsoma (S4),

hondeomysold  fbeaoas  (777),  chandroblistic
s (WA) and dewr coll chondrmancoma

apopeoss  of  endothelial  collh'  Comsegeendy
expressscn of ERG has been shown o be 4 consant
feamure of wmours with endothelul  differenn.
wion” ' huerestingly, several experimental sudies
have demonsratod that ERG s 2 regulaory gene of
cartilage sheletogeneshs and may have o crscial role
o pormanent cantilage tasie development includ

(V1) were pusitive fue ERG (Sgure 1A-F). Nuckewr
expresson of ERG wis sl observed i the mage-
ay of conventmmal chomdnosarcomas (10/12; §1%
figrr 10, HY lis all bosse sumours, both osenblaes
and oseocytes are conslaontly neginve for ERG,
When ERG expresion was evalaated sparacly in
the companents of dediferentiased chimdinse

oy malnsenance of choadracytes m & dilde §  coma, the well- & § carnlage -
wate ' Moreover, v expresaon in precartilage  nent was postive s weven of nine caes (TWN),
! and  carnl ol while & Jdodifferentiaed focs were  negatne

varss angan systems in developing and  adule
mone tasaes hus heen confiemed.” Prompred by
the enmlcasan of ERG lmumunomacsviny in

(Sguer 2A, B In mescnchymal dumdrosircons
the hyaline cartilage component was postne
SO ol cmes (24), wheress the prminve round
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Hey, what antibody do
you run for NKX3.17

n L Hornick, MD, PhD
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ORIGINAL ARTICLE

NKX3-1 Is a Useful Immunohistochemical Marker
of EWSRT-NFATC2 Sarcoma and Mesenchymal
Chondrosarcoma
Ken-ichi Yoshida MD.* Isidro Machado, MD,7 Toru Moot MD, PhD. [

Antonina Parafioritt MD.§ Maribel Lacambra, MD,| Hitoshi Ichikawa, PhDS#**
Akira Kawai, MD, PhD.¥1}} Cristina R. Amionescu MD.§§ and Akihiko Yoshida MD. PRD*} [

Absrace: NKJ domeobox | (NKXG-1) & widely aoceped as o
Bighly sensitve sod specific murker for peostatic adenocuecinoma.
Promptal by publubal namms At stowng of
NKX3J mRNA expeesdon i EWSRI-NFATCY sarcoma, we ex-
plored the walty of NKX3-1 smmunolistochemitry i surcoma
dagnoss. We applied NKX3-1 hemistry W 11

Componcnl was mosty nepative. Although | of 30 avcossumes
showed focad NKXG-1 positiviey, ol the remineng 155 coes tostad,
incladieg 20 Ewing mscomas, 20 myoepthclal tumon, 1 ossifyuey
fibrosynont tumoes, sad | FUS-NFATC? sscoma wese negative
for NKX31 Ow sudy provides fhe flest evidence that
EWSRI-NFATCY sucoma sod Eweng svoma coskd be dis-

EWSRINFATC? sascomss and 168 mimics wsing whole thsue
wections. All EWSRINFATCY wrcomas conssiod ol weiform
sl round or ovold cells, sl except | showing ut keast focally the
typal growth putiens of nests, cords, or Babeculie within & 11
broustnywid background. A vadable counoptilic sllra: was
conunon. NKX31 was expecwed n 9 of 11 2% EWSRI-
NFEATCY sarcomss, often diffise and of moderate or strong (o
tessity. All 12 mesenchymual chondoosancomas ested were abuo
positve for NKX3-1, with over hall showing dffise staindng and
moderate on strong ltenuity. The positive stalmng wis seen only o
the poimutive small roond ced component, whicress the canibigloos

Foen e E : Petobogy 11 Musubsbeletal
Owasbongy! $E0are Comeer Comter, Natiomad Camcer Comr Honpuind
B i .- Tranuusonal Ceaomacs baglocan Oacoaigy Re
warch & Claical v-un-—- **Nusnal Cancer Cemter ;&,...‘,
went o Pahobogy, Tobpo Motoopeditan Cuncer sl Indasan
Duagses Conier Komsgons; $epartmunt of sl Comermics,
National Comenr Comter Rowunh bstnue. Tokyo, Jupas, 1Paibuid
oy Depastmen fnabitins Valacosno i Oncologis. Vakmia Spuin
it Operatns Comploss (U0.C ) Asierdn Socks Samitaris Tor-
ntonals Cantre Specsistics Onopatin Trnsmatokopcs G
P CTO, Mdasa, Buly, 10 tment od Amaloesacal and Cclider

Proce of Wl Mospstal, The Ohinene I-»-n.a

, adling o the accumulatiog
duts that these tumoes are phonctypically distinct. We sogpest thut
NKXT-1 may have o dugnostn: undity in the evalustion of secoana
nd we also call atication 1o potestial prfali i the use of this well-
known serker of prostita st ioam.

Koy Wonds sucoma, EWSRINFATCY, mmunohitochemistry,
mosnchymul chondrossrcon, NKX3-1

(Ao J Sy Pashol 02044:719-T20)

E:wg arcoma s mux\pc.nl small round cell s
coma. |k Ewing are
coasistently positive for CD99, with most examples also
being positive for NKX2-2 and PAX7.' It is genetically
defined by ¢ gene fusions involviag cither EWSRS
or FUS parmering one of the £TS transcniption famdy
genes (eg. FLU or ERG). Small round cell sarcomas that
resemble Ewing sarcoma to some degree, yet lacking a
canonical EWSRIFUS-ETS fuson, bave bees collo-
quindly referred 1o as “Ewing dike sarcoea ™
Recent advascements in moleculur vt sudes
hne dischosed that such “Ewing like sarcoma™ represents &
duding multiple scparate tumor entd-

Hong Kimg Hong Koug, SAR, Chans and
Patholugy, Memanal SkwsKatiering Comcr Comter, New Yorks
NY

Prosest sddvew Kol Yoshide MO, Dypartmern of Pathadogy. N
o Umiversity Sehuoud uf Medsing. Tokyw, Jopen

Conlats of Mtornt and Soune of Fundng Supponind o pant by e
ISP CuanbanAll for Youny Sciomtion ber ol wusnbor
|n|u<u-\¥u—|-ht.~vu—-m the Na.
Vo Trtituies of HestANatunal Camer awant
ey 0 CADORTAN (C AL PO CAZIM (C AL and P50
CALEMAL (AL The mwsinimg sethons have deachosal that
Ihey Rave mo il el bnadipe itk luu-nl et i, sy
commars il compmans persiaag W thi

Comanpondonce Abibko Yosude MD, MD, lhpuum- of Dy
wonthe Pathology, Natiomad Comonr Conber Mowptal 501 Tokin
Chodi, Tokyo 1080080, Jupun b3 ommd wh yosdidumes 20 b

Coppright © 200 Wadss Kluwer Hosth, b All nghls mwonvnld

Am | Sovg Mathol » Volume 44, Number 6, e 2020

Copyright

poup

tes. The best-established subsets are srcoma with CIC re-
arangements and sarcoma with SCOR gene abnormalices,
exch of which & d with distinct ¢l ol

und molecular features.” Low well sudied s & group char
acterized by the gene fusion between EWSR/ and non ETS
genes, with the reporsad partnens inc NFATCL,
PATZL, SP3, and SMARCAS' ' EWSRINFATCY sar
coma s the best characterized among them. Since its dise
covery by Seubad et al® single mports and swall series (up 1o
6 cases) have been documented. now accumulating > 30
casen' 17 The lteruture suggests that EWSRINFATC?
wrcoma occurs mare commonly in bone than in soft teee
of adult patients with & peak nadence of thind 10 fourth

wwwapsp.com | 719

2020 Wolters Kluwer Health, Inc. All rights reserved.
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16 Wilismu DW. Lec C. Kim T, ot ol

pemcnt uf adconsrom of the jawlike
kwoes by baphophonss sad  sli-
sccptor sctovalor of NF-«B ligand ssti-
body in mie dm J Faethal 418
83 R,

17, Pk S, Kamyma K, Kaur K, ot ol

cmscrons of B jaw doclopal & mas

Discass varaats regustad by 16 T colbs
wral mucosal s inity. J Bl
Chow. 201529017349 17366

I8 Towacas S, Breik O, Lis B, o1 ol Diugnontic
hlomreas hatween medicaticn-rdasal o
ORI N U—— . —
o 3 mandibalar bt foicn. B S Ol
Maxilafar Savg. 201755250 o5

Pseudocarcinomatous

Squamous
Hyperplasia
Involving Bone

In Reply:

We appreciate the comments of
Ide and collcagues and are thankful
that they called attention 1o this
oversight. Our evaluation of the lat-
erature did not include experimental
amimal studies as they are not die
rectly comparable to the findings in
the human specimens, and abstructs
and reference textbooks were ex-
¢luded because they are not peer re-
view. However, we failed to identify
articles that mentioned pseudoepi-
thelwomatous hyperplasia as a com

or

cpithelium can surround picces of
necrotic bone during the process of
transmucosal cimination, or pseudo-
epithclicmatous hyperplasia can be
confused with squumous cell carc.
noma. The study by Everett et al’
provides more hulolugl in
formation. but the conclusions are
limited. We provide evidence based
clinicopathological criteria to accu-
rately identify pseudocarcinomatous
hyperplasia and mportantly, dis-
tingwish it from squamous cell carci-
noma. This diagnostic problem is a
common challenge in this select area
of surgical pathology.

\ha-i of Madcioe Missi, FL

1 Depurtment of Pathology, Massachusens
Generad Hosputal and Harvand Malical
School Boston, MA

Confiats of hutoen sl Soume of Fundiog
The authon have dachosad thae they lune no
sgnficant  rclabonstips  with, or  feuncul

REFERENCES

1 Hamsen T, Kl M, Sprager E, ot Actino-
i of e p-. Rwpatbesh gl dinly o
A5 petavs dews dgnilcant anebement 8
'-vt--qh-v-—u-n sl
ocorubimans Ve Ao

:n‘ul S0 1017
1 Zusiin ) l:-hll Zow TA, ot st Proudow
sminaated wah

ponent of di

induced osteonecrosis of the jaw and,
therefore, underestimated the num.
ber of cases previously documen.
ted.' " We are responsible and apol-
ogize for this inadverient oversight
Of note, none of the published ar
ticles that were not included in our
evaluation pmvhln the detailod de-

plasia, or the direct P
-llh and distinction from Aquamous
cell carcinoma, that our stady docu-
ments.* In contrast, they offer only a
beiel morphological description and
menely state that psuedoepitheliom.
atous hyperplasia may be present in
these conditiom, or that squamous
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Confirmation of NKX3-1
Expression in
EWSR1-NFATC2 Sarcoma

and Mesenchymal
Chondrosarcoma Using

Monoclonal Antibody
Immunohi istry,
RT-PCR, and RNA In Situ

Hybridization

To the Editor:

In the June isue of Americm
Journal  wf  Surgtend  Pachology,
Yoshids eof o' poblohed memunobes
tochemical data that NKX3.1
(aho known as NKX31), 2 widdy ac
copted muwrker of prostatic adenocas.
cnoms, was commonly expressed =
EWSRINFATC? sarcons (W11 cases)

mesenchy

g pobidoasd
body (Cat No 0314, dimon |50
Ather Fruyme Systervs, Baltmnore, MD),
and the suconus evhibted focl or difue
lubdding with venable seensty. They o
chaded that NKX31 could be o wefl
analbey nulln_.\mh-ul

However, within xvd months
of their publication, 2 groups of re
-cuuha\ reported that these fndings
were not reproducible Pervet et al¥
showed that all 3 EWSRINFATC2
sarcormas they tested were megative for
NKX)I, sung a monoclonal anth
h-x!y (EPXS6, prediluted; Bio S8,

Santa Barbara, CA). Likewise, Chen

Sappiowemial Dugiiad Comant w availible S
Vhia wrsde. Diowt UIL vibutions sppess i
U il st sl e pruvidal - the
ML wrnd POI vorsons of thin srtade on
Ve jorermad s s, ww ajep o

Capyeight © N1 Wolwrs Khower Heaih, foc A8 righes sowrved

2021 Wolters Kluwer Health, Inc. All rights reserved.




HEYI1-NCOAZ Fusion Drives MC

GENES, CHROMOSOMES & CANCER S2:117-139 (3012)

Identification of a Novel, Recurrent HEY|-NCOA2
Fusion in Mesenchymal Chondrosarcoma Based on a
Genome-wide Screen of Exon-level Expression Data

Lu Wang,' Toru Motoi, Raya Khanin,' Adam Olshen,’ Frodrik Mertens, julia Bridgs, Pasia Dal Cin,"
Cristina R. Antonescy, Samoed Sm‘-r, Moers Hamend,' Judith VM.G. Boves,” Pancras C. W. Hogendoom,*
Nicholas Socei,” and Mare Ladanyi' '

Cancer pune ftiom that encode & chimeric protein we oltn charscterised By an inragenic dacontinty in the RNA

wxprason leveh of the exons tha

or 1 1 the Raicon point in cne or both of the fuscn partners dus

"

 lovehs of actiation of thew respective promotens. Bused

2 we dewsloped a1 unbased. penome-wade bow

wreen for pane fans ining Alfymetrix Exan srey express

dats. Uning & training ser of 46 samples with diflerent knows
gone Kaions, wa developed & dics Malyws pipeling, the “Fusion Score (FS) model”. to scorw and rank ganes for intragenic

Chunges in expression s & separme Sscovery we of 4] Wmor wenples with poibiv o

sowe perm Runons @ o

genennted 3wt of 352 candiduts punes. The tramcription lactor gene NCOAZ was ene of the cundidutes idenell

enchywal chondrosarcoma. A novel HET I NCOA2 fusion was identified by §' RACE reprasenting an in-frame Laion of HEY)
wxon 4 1o NCOAZ exon |3 REPCR o FISH evidence of this HEYINCOA2 fusion was present in ol sdditional muesenchymad

chondrossrcones tested with 4 defnve hatologk Sagnous and sdeque:

rcomas. We o idemified 3 NLP.

ariad for analyss (o = 9) but was sbsent s 1S

s of other wbiypes of chor S fnon i & dediflerentiated Spouruoms but

walyss of 17 sdfivand smples @ noc conflmm It 4 & recurrent event i this sarcoms Trpe. The nowel HETT-NCOAZ Rakon

ppeans 10 be the deflrary and diagroatic gane Aision i mesenchrymal ondrosarcomas © 3011 Wiy Permateals, ine

INTRODUCTION

| spevific gene fusions have beea

{ in human cancers, and mun
have eeerged us diagnostic of prognostic marken

cargers (Mitelman ¢t o

v ther;

SN Sacoma ¢ 4 bhrosd und heterageneous
roup of cancen, of which ar least S0 different his
wlogical subtypes have been describeid. Genetic

In many sRnma rype which

Indeed, recument, tumos

fled in

Merens et ab, 2009). In Vork, NV 1A, &

3011 Wikey Partticals, b

A NCOA2 (8q13) HEY1(8q21)
GenomicDNA ¢, 0113 Exon12 Exon1l Exon5 Exond Exon3 Genomic DNA

E13 E4
Fusion transcript < ﬂ

HEY1 exond e NCOA2 exon13
ACGGCAGGAGGGAAAGCTTTTAATAACCCACGACCA

A ARAR A A nn . a R, _
I U
Y ALY M IRTATATAMTA! /\M ./\/\ /\A

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

HEY1 ANTIBODY (70R-5242)
Rabbit polyclonal HEY1 antibody raised against the N terminal of HEY1
OVERVIEW
Synonyms Polyclonal HEY1 antibody, Anti-HEY1 antibody, Hairy/Enhancer-Of-Split Related
With ¥rpw Motif 1 antibody, CHF2 antibody. HERP2 antibody, HESR1 antibedy,
HRT-1 antibody, MGC1274 antibody, OAF1 antibody
specificity HEY1 antibody was raised against the N terminal of HEY1
Cross Reactivity Human,Mouse,Rat,Dog
Applications WB
Immunogen HEY1 antibody was raised using the N terminal of HEY1 correspending to a
region with amino acids
ALGSMSPTTSSQILARKRRRGIIEKRRRDRINNSLSELRRLVPSAFEKQG
Assay Information HEY1 Blocking Peptide, catalog no. 33R-1335, is also available for use as a
blocking control in assays to test for specificity of this HEY1 antibody
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Tumor

Mesenchymal chondrosarcoma
Neuroblastoma

Wilms Tumor
Rhabdomyosarcoma

Synovial sarcoma

Ewing sarcoma
BCOR-rearranged sarcoma
Olfactory neuroblastoma
ClC-rearranged sarcoma
Lymphoblastic lymphoma
Desmoplastic small round cell tumor

Cellular congenital mesoblastic nephroma

# positive/ Mean (Median)
# total (%) H-score
(if positive)

29/31 (94%) 200 (225)
0/67 (0)
0/35 (0)
4/23 (17%) |14 (16)
0/13 (0)

0/12 (0)

0/11 (0)

0/10 (0)

0/10 (0)

0/9 (0)

0/6 (0)

0/3 (0)

EY1 and NKX3.1 in SRBCT

H-score range

(if positive) Case Year

(Block age in years) NKX3.1 H-score
5-300 1981 (39) 1

1982 (38) 0

1993 (27) 1
2-22.5

1995 (25) 1

) F B L B

1996 (24) 15

1996 (24) 70

2000 (20) 30

2016 (4) 120

2018 (2) 80



22M with L4-L5 spinal canal tumor; ? association w/ nerve root
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FINAL PATHOLOGIC DIAGNOSIS
A. SPINAL CORD TUMOR, L4-L5 LEVEL, EXCISION (S21-007125, A1-AS5; 02/26/2021; NCS 2779)

Mesenchymal chondrosarcoma, (see note).

Thank you for sharing this interesting case with us. | have studied the glass slides that you submitted and the
radiographic images. By imaging, there is a tumor involving the spinal canal that does not show any characteristic
features. Histologically, this tumor has different components. It has spindle cell areas, round cell areas, bone, and
cartilage. Overall, | felt the histologic features were suspicious for mesenchymal chondrosarcoma, but other tumors
were in the differential diagnosis. Immunohistochemical stains done in our laboratory show positive staining for CD99
but no staining for NKX2.2, NKX3.1, Muc4, or Stat6. H3k27me3 is retained (positive nuclear staining). The image you
emailed me of HEY1 shows diffuse nuclear staining supporting the diagnosis of mesenchymal chondrosarcoma. | do
not have any experience with the HEY1 stain, and it might be worth confirming the diagnosis genetically.

*E|ectronically Signed Out By Gunnlaugur Petur Nielsen MD**
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BMP Signaling: HHO>HCO

Inducible Intestine-Specific GATA-4 knockout

Cell Stem Cell

Differentiation of Human Pluripotent Stem Cells into
Colonic Organoids via Transient Activation of BMP

Signaling

Graphical Abstract Authors
Jorge O. Manera,
Huenan PSC Regional Transplanted Nambirajan Sundaram,

derived COX2+ Ovgancids Organoids Scott A. Rankin, ..., Asron M. Zoen,
Michaed A Helmrath, James M. Wells

Correspondence
james wells Occhme.arg

In Brief

Munera et al. report the generation of
pluripotent stem cell (PSC)-derived
human colonic ergancids (HCOs). They
first find that a conserved BMP-HOX
pathway is required to establish posterior
identity and then show that activating
BMP signaling in human PSC-derived
CDX2+ gut tube spheroids generates
HCOs that retain colonic identity after
transplantation

Transient
BMP Patterning

Highlights

« Sath2 expression marks the presumptive large intestine in
frog and mouse embryos

€9.5 mouse B Ys TI CB
Gatad

Gata4 Satb2

<>/\ Satbh2

Duo Jej lle Colon Rectum

Cdx2+

Gatad Satb2

v

Gatad Is Essential for the Maintenance of Jejunal-lleal Identities
in the Adult Mouse Small Intestine

Tjalling Bosse,” Christ
Saush R

d," John J. Fi
D. Krasinsky

a M. Piasecky).” Ellen Burg
al,* William T. Pu,” and Stephe

Gatad, & member of the zinc Nager Bamily of GATA truascription facters, is highly expressed (a duodenum
and jejumsm but is nearty usdetectable bn distal Meuss of adubt sice. We show here that the casdal reduction
of Gatad is conserved in humans. To test the Mypothesis that the reghonsl expression of Gatad is critical for the
maintenance of jejunsl-Beal homeostasis bn the adult suall intestine in vivo, we established sn lnducible,
intestine-specific moded (hat results I (e syathesis of o tramscriptisaally bactive Gatod mutast. Synthesis of
mutant Gatad in jejuns of 6 (o Bowoek-old mice resulted in 4 attensution of sherptive enterocyte genes
sarmally expressed in jejunuse but set in lleum, including those for the anticipated targets liver fatty scid
binding protein (Fabp!) s lactase-phlurizin Mydrolase (LPH), snd o surpeising inducting of genes normally
silent in jejumum but highly expressed is desm. spevifically those invedved in bile acid traasport. Inactivation
of Gatod resalted in un increase (s the goblet cell pupulation and & redistribution of the entervenducrine
sabpopubitions, sll tuward an leal phenotype. The gene encoding Mathl, 3 known sctivater of the secretory cell
fate, wats induced —T5% (P < 0.05). Gatad is thus an impertant positional sigaal required for the muintenance
of jejumal-Beal ientities in the sdult mouse small intestine

wlian wmall inte

which comatitua

control mutant control
jejunum jejunum ileum
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Cancer Type Detailed

@ Missense (VUS)

® Truncating (VUS)

o

® Fusion

GATA4

Not profiled for mutations

©  Not mutated



Detailed GATA-4 Results in 1479 Tumors

Location Positive (any H score) Total Number Median (H if positive)] %H=50 | %H=100 | %H=200
Stomach 89% 90 235 86% 81% 61%
Esophagus 17% 129 225 68% 63% 46%
GE) 76% 104 195 64% 56% 38%
Small Bowel Foregut 73% 80 217.5 61% 56% 38%
Pancreas 69% 273 105 51% 37% 11%
Hepatocellular 61% 28 165 44%, 37% 22%
Gl Carcinoma [cholangiocarcinoma 56% 134 1417 40% 32% 19%
Small Bowel Midgut 53% 15 212.5 33% 33% 33%|
Jejunum 78% 9 215 55% 55% 55%
lleum 16% 6 3.3 0% 0% 0%
Colon 11% 156 70 7% 4% 1%
Right 19% 68 70 12% 7% 3%
Left 5% 75 68.3 4% 1% 0%
Mucinous Ovarian 68% 100 260 65% 65% 49%
\Adrenal Cortical 11% 19 129.2 11% 5% 0%
Non-Mucinous Mullerian 9% 53 32.5 2% 2% 2%
Other Neuroendocrine Tumor 8% 48 180 8% 6% 4%
Renal Cell Carcinoma 6% 33 233 0% 0% 0%;
- Lung Adenocarcinoma 3% 29 36.7 0%, 0% 0%
Carcinoma | 2% 58 225 0% 0% 0%
Thyroid 0% 43 N/A N/A N/A N/A
Other (Prostate, SCC,
Urothelial, NEC) 0% 15 N/A N/A N/A N/AS
Mesothelioma 38% 13 146.5 23%| 23% 15%
Epithelioid Melanoma 29% 14 95.8 21% 14% 7%
Nonepithelial Neoplasm |Pheochromocytoma 5% 22 87.5 5% 0% 0%;
Paraganglioma 0% 23 0 0% 0% 0%

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

1. Distinction of small intestinal from CRC

2. Distinction of upper Gl from PR carcinomas
* Strong GATA-4-positivity favors upper Gl origin

3. Non-colonic pan-GIl marker, especially useful in PB

carcinomas
* GATA-4-positivity (65%) outpaces CDX2 and CDH17 (~30%)



“A pathologist looking down the
barrel of a light microscope at an
H&E-stained slide is doing
‘subcortical integrative genomics.””

Steven Mentzer, MD
Division of Thoracic Surgery
Brigham and Women’s Hospital



£ Messages Jason Details

Nice! Aidan can lighten your
service load...

Give him the polyps to start.



