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Abstract

Aims=GATA-binding protein 3 (GATA3) is a well-studied transcription factor found to be
essential in the, development of luminal breast epitheliumhasdeen identifieth a variety of
tumour types including breast and urotheilial carcinomas making it safulu

immunohisteehemistry marker in the diagnosis of both primary and metastatsedisea

Methods and Results: We investigated GATA3 protein expression in a 106\ptiipkr
negative preast carcinomgd00 basalike, 6 nonbasallike) using Cell Marque mouse
monoclonal_antiGATA3 (L50-823). RT-gPCRwas usedo quantify mRNA expression in 22
TNBC's (20 primary and 2 cell lines), 4 Luminal (3 primary and 1 cell line) amtER2 (4
primary apd*2=eell lineamplified tumours.In 98 TNBC’s where IHC was asssable47 (48%)
had a 1# or“greater staining with 20 (21%)aving highGATA3 expressionwhen using a

weighted scoring.

Conelusion:Our study has demonstrated that GATA3 expression is commpinnary
triple negative breast carcinoméisalsosuggestshatalthoughGATA3 is an ER regulated gene,
it still provesuseful in differentiating between primary and metastatic tumours in patients with a

history of breast cancer regardless of its moleculaitygos

Keywords: TNBC, Breast Cancer, GATA3mmunohistochemistry
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I ntroduction

GATA-binding protein 3 (GATA3) is one of six GATA transcription factors which contains two
C2-C2-type zinefinger motifs that primarily bind to the consensus (A/T)GATA(A/G) of gene
promotersi.to_activate or repress expressianThe GATA3 gene is located on chromosome
10p15, consisting of 6 exons, of which the transcribed mRNA produces two isoforms 444aa and
443aa respectivelplthough discovered as an transcription factor involved -Hoell maturation

and helper Tell cytokineproduction,*” more recently it has been found to also play a role in
the development of invariant natural killec@lls (iNKT) 8. GATA3 also plays a critical role in

the development and regulation of many cell and tissue types, including the normal
morphogefehesis of breast epithelial tis5té®. AsselinLabatet al. used mouse models to
demonstrate that GATA3 was essential in the development of luminal breast epithelium with a
marked decrease/in oestrogen receptor alpha (ERa) positive cells in GATA3” knockouts.

GATA3 has~beenextensively studied in a number ofumour types, including breast and
urothelial €areinomagfor use as @ adjunct todiagnoss ***®. However, althoughGATA3 has

long been assaociated with ER expression in luminal breast carcinomas and is usedyfrequent

supportthe origin ofmetastatic tumour$> 1719 20 2

, therehavebeen arnincreasng number of
publications®decumenting both protein and gene expressidriple negativebreast cancers
(TNBC)#*2220.27: 28 1ndeed Hou et al. (2015)recentlyreportedover 23% of primary and 26%
of metastati@NBC’s to be GATA3 positive using immunohistochemisty.

To furtherrassssthe role of GATA3 proteinexpression imfNBC, we investigated GATA3 using
immunohistochemistryn 106 TNBC supported byRT-gPCR to quantify theéGATA3 mRNA
expression in 22 TNBE€ (20 primary and 2 cell lines), 4 Lumal (3 primary and 1 cell line) and

5 HER2 (4 primary and 1 cell linelamplified tumours. Our aims were to assess the true
frequency .0f .GATA3 positivity with a focus on bagie breast cancerdnvestigate gene
expression with protein translatiaand to determine whether GATA3 is useful in all breast

phenotypes.

Materials and M ethods

Patient material
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Tissue microarray$TMAS) were constructed usingp to four 1mm cores fron106 formalin
fixed paraffin embedded (FFPBpyimary TNBCs (100 TN-basal CK5 and/or EGFR, 6 TN-
nonbasal CKBEGFR) from Peter MacCallum Camc Centre and Focus Pathology, Melbourne,
Australia with fill ethics approval for use of mour tissueand for TMA construction (Peter
MacCallum03/90 and 00/81).

I mmunohistochemistry

All' i mmunehistochemistrfIHC) was performedon 3um sectionswith Cell Marque mouse
monoclonakGATA3 antibodymab)(L50-823) staining was performed at a dilution of 1:50 using
a Ventana BenchMark Ultra autostaifeentana Biosystems)ltra Cell Conditioning 1 antigen
retrieval solutionwas applied at 16C for 32 mhutes, antibodyncubation was 3& for 16
minutes and visualizatiordone with Ultraview DAB detection system. All slides were
counterstained, with Mayer’s Haemotoxilildriber Scientifi¢ for 60 secondsAppropriate

positive and negative control tissues were included for all antibodies

Nuclear staining was score previously desitred %, with intensity: 0, no staining; 1, weak
staining; 2, moderate staining and 3, strorangtg. A percentage score was calculated with O,
no cells; 1<10% positive cells; 2, 11-50% positive cells; 3, 580% positive cells and 4, >80%
positive cellsw,A total weighted score was calculated using the product of the intensity and
percentage.scasewith a total score of-0 being negative, B 3, low and 4 to 12 high GATA3
expression (Figurd). Whole tissue sections from seven TNBC's, two Luminal A and three
HER?2 samplesused in the gene expression portion of this study were sténed/estigate
tumour wideheterogeneityTumours with Hscores o£4 that hadmultiple nestscoring<2 were
deemed to bleterogeneoussATA3 positive tumour infiltrating immune cells were assdsse

negative ar occasional cell, low, moderate or marked.
RNA Extraction, complementary DNA (cDNA) synthesis and multiplex endpoint RT-PCR

Tumour maeraldissection wagperformed onten 7 micron sections taken froientical tissue
blocks used in the TMA constructioRNA extraction wagperformedusing the High PuréFPE
RNA Micro Kiti(Roche, Mannheim, Germany). One hundred fifty ngxifactedRNA from 18
TN, 3 Luminal and 3 HERZFPE breastcancers wasised in cDNA synthesias previously
described®. In addition,archival RNA from cell lines MCF7, MDAMB 435, MDA-MB 468
and MDAMB 231 as previously describett and FirstChoice Human Breast Total RNA

(Ambion), were converted to cDNAsing Superscript Ill Reverse Transcriptase (Invitrogen, Life

This article is protected by copyright. All rights reserved



David Byrne
Technologies, Carlsbad, CA), random hexamers (Pharmacia Uppsala, Sweden) ard RNas
inhibitor (Roche). cDNA quality was assessed using multiplex endpoirRGR and only

samples with greater the@2bp fragments were wséor further RFgPCR mRNAquantification
30

Rever se transcription quantitative polymerase chain reaction (RT-qPCR)

RT-gPCR was”performed on the LightCycler 480 (Roche) using a total volume of 10 pl PCR
reaction mixture comprised of 2 x LightCycler 480 Probes Master Mix (Rochenraodl of
GATA3-UPL-F, 5'GCTTCGGATGCAAGTCCA' and 200 nmol/l of GATA3-UPL-R
5'CGGGGIGICAAGTGTGTGA3(Roche),100 nmol/l of Universal Probe Library probe #8
and 1ul of 1:20 diluted cell line cDNA and 1ul of undiluted FFPE cDNA. Optimal prime
concentrations werealculatedas previously describetf. Amplification cycles for all assays
were performed with a 10 miactivation step at 950C; 45 cyclesahplificationwith 10 s at
950C and=30: s600C. The Cqg (quantification cycle) values were calculated using
LinRegPCRsoftware for hydrolysis prob&s3. Relative gene analysis was determined with
PCR efficiency,coection and expression levels normalized using the geometric mean of the
most stably expressed referemmmnesusinggeNorm (v3.55"%". Samples were ran in duplicate
and repeatedsthree times. All reference geneGAIN3 primer sequenceand concentrationasre

listed insSupplementary table 1.

Statistical Analysis

All graphg™and statisticahnalysiswas performed using GraphPad Prism versiod0O for
Windows;“GraphPad Software, La Jolla California USAyw.graphpad.comNonparametric

KruskalWallis test with Dunn’s multiple comparisongas used tointerrogate GATA3 IHC
negative, low and high expressigroups identifying any significant differences in patient age at
diagnosis andstumour size Fisher’s exact test andhi-squared analysis wassed for
lymphovascular invasion and lymph node metastsisitis.Mann Whiney ttest wasused to
compare mRNA expression in the GATA3 IHC negative and positive gréwmues lesshan
0.05 were considered significant.
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Results

I mmunohistochemistry

Of 98 TNBC's wherean IHC result was assessable, 47%}&had a 1+ or greater staining
intensity, with 9 (9%) cases scoring+. Using the weighted scoring 58 (59%) were negative, 20
(21%), low.and 20 (21%) had high expressidigh expressionvas seern 3/3(100%) luminal
and 4/4 (100%HER?2 amplified positive tumours(2 HER/ER', 2 HER/ER) (Table 1).Cell
lines MCH7 scored high (12/12)MDA-MB453 low (2/12), MDA-MB-468 and MDA-MB-231
(0/12)negative when stained using FFPE prepared cell bletskerogeneous staining across the
whole tumoursectionswas seen ir6 TNBC, with peripheral andnfiltrating GATA3 positive
immune cellsprominentin 2 TN tumours. Concordancanalysisbetween the TMA cores and
whole sections'was calculated to hakappa of 0.56 (supplementary table 2).

The median age at diagnosis for GATAIC negative group was 59.19 yeaGATA3 low
61.32yearsand GATA3 high 6lyears while the median tumour size was 24.02mm, 29.45mm
and 25.9rm respectivelysupplementary table) 3KruskatWallis test of the three gups found

no significant.differenfor both thepatientage at diagnosis ammyeralltumour size. The number
of tumours with lymphovascular invasigbVI) in the GATA3 negative group w&s(19.15%),
GATAS low=8+(36.36%) and GATA3 high 11 (55.00%), while the patients with positive lymph
node metastasis was 10 (23.81%), 11 (52.38%) and 9 (47.37%) respe(figene 2 a,b).
Fisher's exact test andhi-square analysis revealed there was a significant difference between
the three GATAS groups for both lymphovascular invasienajpe0.01317 and 0.01297and
lymph node.metastas(p-value 0.04828 and 0.048RFurther investigation founthe GATA3
negative VS"GATAS high (pralue 0.00824 chsquaredlto be significantly different between the
LVI negative"and positive tumouvenilst there was a significant difference between@#erA3
negaivevs GATAS3 low (pvalue 0.04715 chsquaredl in patients with psitve lymph node
metastasisHigure 2c,d)(supplementary table 3).

Rever se transcription quantitative polymerase chain reaction (RT-qPCR)

The relative gene expressisrand fold changewere calculatedor all twenty-four samples
normalisingexpressiomwith MDA-MB-231as 1.0000Thefold changeseen in three wminal A
breast tumoursanged from 35to 5.82(4.61mean 4.67 media)) 2.59 to 3.623.10mean 2.96
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mediarn) in three HER2amplified breast tumours 0.90to 2.18(1.24 mean 1.12 mediajin
eighteen TNBCand 1.86 in the contrdtirstChoice Human Breast Total RN/&igure 3a). To
further analyse the correlation between gene and protein translatRNA levels were plotted
with whole section IHC expressioRigure 3l). When comparing the negative apdsitive IHC
staining from_both whole sections and TMA cores with the mean mRNA r&s0@90 and
2.3910 respectivelyhere was a significant difference seeavftue <0.0001). For TNBC the
mean expression-of 1.0180 and 1.4510 was also @esigignificant with a-palue of 0.0079
(Table 2).xThewo tumours with markeshumbers ofnfiltrating and peripheraGATA3 positive
immune cellsseen in the whole section staining both had low mRNA levels of 0.8976 and
1.1192.

Discussion

GATA3 is awidely used IHC markeand haslemonstratedtility for supporting theliagnoss of
both primary=and metastatigpithelial and noepithelial neoplasm’s,particularly breast and
urotheilialcarcinomas*'® % GATA3 is highly expressed in breasancers with most studies
reportingclose to all luminkand ER positive tumoutseing positiveandbetween 43 to 66% of
TNBC's depending on the antibody clone usé&tis issimilar to ourweighted scoreesults of
41% ofgtimours having low (20.5%) to high (20.5%) expression of GATA3" 20 26 28
Heterogeneityhas been well studied in breast tumours with HER2 protein and getiéiGation
discordances=rates between needle core biopsiesercidional biopsies of 149> “°. We
compared the TMA ®ring with whole sectiondor twelve caseg7 TNBC, 3 HER2+ and 2

Luminal) and foundhere washo significantdiscordance in the overdATA3 staining results.

We alsoinvestigated GATA3 expression in The Cancer Genome Atlas (TCGA) reverse phase
protein array (RPPA) and mRNA breast cancer datasets using microarray cluster.anabgss
analysesshowedthat the correlation between protein and gene expression vestbdsome
tumours that.havéow GATA3 mRNA gene expressioproducinglow to high protein levels
(Figure“4).French CLet al. investigated GATA3 in colorectal adenocarcinoma using TCGA
RPPA and mRNA datasets anHserved no correlation between gene and protein expréssion
suggesting either a disconnect between transcription and translation or migredik®unded

by the expression dBATA3 in nonneoplastic cells such aifferentimmune cellsWe found

there werdanfiltrating immune cells thagéxpressedsATA3 in seven of our whole sections used
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for RT-qPCR, those with a marked number of cells still resulted in relatively low mRNA
expressionsuggesting the infiltrating cells had little effect on the overall gene expression results
(supplementary table 2yVhile thismay bethe case for our small bort, tumour purity andhe
cellular components of its microenvironment should always dmnaideration when usirigNA
or RNA extractedfrom macrodisected tissue$or reverse phase protein and gemngression

analysis.

Molecular.prefiling studies have attempted firther subtype TBC by gene expression
profiling. 4% Prat et al. (2013) proposedhat TNBC befurther divided into nonbasallike
luminal A+B, HERZ2enrichedandbasallike claudin low orbasallike. Significance Analysis of
Microarray (SAM)between the nebasallike andbasallike groupsresulted in aSATA3 d-score
of 2.0068"and_a fold change of 1.440Vhile the clinical significance of the GATA3 expressing
vs. nonexpressingTNBC cases in our study was mostly insignificaRtgUre 3 therewas a
correlation between low to high expresswith lymphovascular invasio(LVI) and lymph node
metastasiSTNBC and BLBC have highmetastatic rateto lung andbrain compared tother
breast cancer_subtypegth liminal A, B andluminalHER2+ (385%, 42% and 49.4%all
having higher_rates of axillarinvolvementthan basalike and norbasallike TN (33.5% and
36.2%) #B44ith blood vascular invasiofeing more common thanahseen in luminal cancers
Follow up_data for our cohort is limited, biltere isa notable increase in LVI and lymph node
metastasis within the GATA8xpressingTNBCs which may suggest thelpehave inmore of a
luminal manner in their mode of invasionhis is supported in transfection studies wHeAgA3
abrogateshemetastasipropertiesof triple negative MDAMB-231 cellswhich were also found
to take on,a _more ‘luminalike’ molecular profile through a reversal gkenes involved in

EpitheliatMesenchymal Transition (EMTY*: 4> 4

. EMT and mesenchymdb-epithelial
transition"(MET) play an important role in a tumour cells abilityrtetastasis¢o distant sites
makingassociated markers suchveimentinandEGFR reported in up t&0-100% ofboth basal

and nonbasalprimary TNBCuseful diagnostic toof§™°.,

It has beefi shown mutations GATA3 are relatively common in luminal breast tumoths*
with TCGA reperting 14% and 15% of luminAl and B having a mutatiencompared t@nly
2% of HER2 anBLBC. While it is unlikely then that mutations are playing a role in GATA3
expressiowithin HER2 or BLBG ER negativebreastumoursareknownto have arnincrease in

copy numbemberrationgvithin chromosome 1115 where th&ATA3 gene is locatedwith the
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region being one ahe more frequently gain€d > but any dfect on GATA3 protein and gene
expression has not been reported.

Our study has demonstrated that GATA3 expression is commmthrbasalike and norbasal

like TNBC, and while mRNA levels are generally lower than that of luminal breast cancers
significant protein expressios btill seen. Indeed, since there was moderate agreement between
TMA and‘whole tissue sections we may have underestimated th&dquency of basal like
breast cancer.expressing GATA3 as more tissue would be evaluated in the diagnostidtsetting.
also suggeststhat although GATA3 is an ER regulated gene, it stifiroves useful in
differentiating between primary and metastatic tumours in patients with a history of breast cancer

regardless of its molecular stype.

Abbreviations

TNBC —triple-negativebreast cancer
BLBC —basallike breast cancer
TMA —tissue'microarray
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Figure and Table Legends

Table 1: TMA'immunohistochemistry nuclear expression and weighted scoring results for GATA3mab

L50-823 antibody in 98 triple negative, 3 Luminal and 4 HER2 amplified breast carcinomas.

Table 2: Results for the RT-qPCR were compared in the IHC GATA3 negative and positive cases. There
was a significantidifference in expression seen when comparing all subtypes (Lum, HER2 and TNBC) and

in the TNBC'GATA3 negative versus positive with p-values ranging from 0.0238 to <0.0001.

Figure 1: GATA3 staining in triple negative breast carcinoma; a-b) examples of homogeneous staining
with mab L50-823 a) tumour wide homogeneous staining with uniformed 3+ across the whole tumour b)
cellular homogeneous nuclear staining with uniformed 3+ from cell to cell; c-d) examples of
heterogeneoussstaining with mab L50-823 ¢) tumour wide heterogeneous staining with intensities in
different areas of the tumour varying from 1+ to 3+ d) cellular heterogeneous nuclear staining with

intensities varying from 0 to 3+.

Figure 2: a-d) A breakdown of clinicopathology and GATA3 IHC expression using mab L50-823 in triple
negative breast cancer patients. a-b) There was no statistically significant correlation between negative
versus low or highsexpression seen in a) tumour size (mm) or b) age at diagnosis (years.) c-d)
Lymphovaseular invasion and lymph node metastasis were statistically significant c) Patients with
tumours that had high GATA3 expression had a greater percentage of LVI compared to that of the
GATAS3 negative tumours (p-value 0.00824**). d) GATA3 low had a greater percentage of lymph node
metastasis compared to that of GATA3 negative tumours (p-value 0.04715*). Further statistical analysis

can be found in supplementary table 3.
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Figure 3: a) GATA3 RTqPCR mRNA expression results for 3 luminal, 3 HER2 amplified and 18 triple
negative FFPE human breast carcinomas. Dotted line represents the expression found in MDA-MB231
cell line to which all samples were normalized; dashed line the median expression for all 24 human
samples; data barsjare standard error of the mean (SEM). b) mRNA expression plotted along side IHC
weighted scoré’showing the trend in increased gene expression translating to increased protein

expression.

supplementary figure 1: Matched data from TCGA RNAseq breast gene and reverse phase protein
expression for GATA3. Unsupervised hierarchal clustering of the normalized datasets was done with

Cluster 3.0 withimatched data plotted with GraphPad 7.00.

supplementary table 1: RTqPCR primer sequence, concentration and universal probe library information

for GATA3 and housekeeping genes used in mMRNA expression assays.

supplementary,table 2: Whole section immunohistochemistry staining analysis of twelve human breast

cancer samples used in mMRNA expression assays.

supplementarytable 3: Statistical analysis results for age at diagnosis, tumour size, lymphovascular
invasion (LVI) and lymph node metastasis (LNM) status. Kruskal-Wallis test was not significant for the
three groups GATA3 neg, low and high while Fisher’s exact test and Chi-square results for LVl and LNM
were significant with p-values of 0.01347/0.01297 and 0.04828/0.04827. Further analysis showed
GATA3 neg vs. high to be significant with a p-values of 0.00824 (chi-square)/0.00489 (Fisher’s) for LVI
and GATA3 negwsylow was significant with p-values of 0.04715 (chi-square)/ 0.04537 (Fisher’s) for LNM.
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INTENSITY

WEIGHTED SCORE

(n) 0 % 1 % 2 % % Negative % Low % High %
(0-1) (2-3) (4-12)
Cell Marque anti-GATA3 (L50-823)
TN-
4 3 75 0 - 1 25 - 3 75 1 25 0 -
nonbasal
TN-basal 94 48 51 18 19 19 20 10 55 59 19 20 20 21
TNBC
98 51 52 18 18 20 20 9 58 59 20 20.5 20 20.5
Total
Luminal 3 0 0 0 100 0 0 3 100
HER2 4 0 0 0 100 0 0 4 100
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SUBTYPE TISSUE SAMPLE n GATA3 IHC EXP mRNA EXP Range t-test (two-tailed)
(mean) p-value significant

WHOLE SECTIONS AND TMA NEG 1.0090 0. 97 -1.121

ALL <0.0001 yes
CORES 14 POS (low-high) 2.3910 1.119-5. 17
3 NEG 0.9 91 0. 97 —-1.022

ALL WHOLE SECTIONS 0.0052 yes
9 POS (low-high) 1.9550 1.119-4. 73
WHOLE SECTIONS AND TMA 9 NEG 1.01 0 0. 97 —-1. 99

TNBC 0.0079 yes
CORES 7 POS (low-high) 1.4510 1.119-2.177
9 NEG 0.9 91 0. 97 -1.022

TNBC WHOLE SECTIONS 0.023 yes
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