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GATA3 is a highly conserved, essential transcription factor expressed in a number of tissues, including the mam-
mary gland. GATA3 expression is required for normal development of the mammary gland where it is estimated 
to be the most abundant transcription factor in luminal epithelial cells. In breast cancer, GATA3 expression is 
highly correlated with the luminal transcriptional program. Recent genomic analysis of human breast cancers has 
revealed high-frequency mutation in GATA3 in luminal tumors, suggesting “driver” function(s). Here we discuss 
mutation of GATA3 in breast cancer and the potential mechanism(s) by which mutation may lead to a growth 
advantage in cancer.
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INTRODUCTION

GATA3 is a member of a family of transcriptional 
regulators with the capacity to function in determina-
tion of cell identity (1). Its expression is associated with 
cell type specification in the immune system, where its 
action is integral to the differentiation of multiple cell 
types (2). In the mammary gland, GATA3 is expressed in 
the differe ntiated luminal epithelial cells lining the breast 
ductal structures, where it is estimated to be the most 
highly expressed transcription factor (3,4). Conditional 
deletion of GATA3 around puberty results in failure to 
form terminal end buds with concomitant failure of mam-
mary gland morphogenesis. Conditional deletion in adult 
animals results in severe defects in epithelial cells, includ-
ing loss of luminal identity (3,5). These genetic data are 
consistent with a fundamental role for GATA3 in estab-
lishment and maintenance of luminal cell identity.

In the context of breast cancer, GATA3 is also inti-
mately associated with luminal cell identity and function. 
In mouse models of breast cancer, GATA3 expression is 
lost as luminal epithelial cells lose differentiated status and 
progress toward metastasis (6). In human breast tumors, 
expression of four transcription factors—GATA3, estro-
gen receptor a (ER-a), FOXA1, and XBP1—is diagnostic 
of the Luminal A and Luminal B subtypes (7). Molecular 

analyses indicate that GATA3, ER-a, and FOXA1 func-
tion together at multiple loci in the breast cancer genome 
(8,9) and that their concerted action may be sufficient for 
luminal epithelial cell identity (9).

Recent genomic analyses of breast cancer have iden-
tified GATA3 as a high-frequency target of mutation in 
this disease (10–13), a finding previously reported on a 
smaller scale by Perou and colleagues (14). Mutations in 
GATA3 were observed in approximately 10% of tumors 
in all four genomic studies. Importantly, most mutations 
were limited to a single allele, and expression of both 
mutated and wild-type alleles was approximately equiva-
lent (10–13). These observations raise important ques-
tions regarding the nature of the mutations in GATA3 in 
breast cancer. In this article, we summarize biochemical 
and molecular properties of GATA3 and provide a frame-
work for understanding how the mutations observed in 
breast tumors may provide a growth advantage.

DOMAIN ARCHITECTURE OF GATA3

Shortly after the discovery of GATA3 as an activator 
of the T-cell receptor (15,16), Engel and colleagues used 
a series of mutations and gene fusions to define functional 
domains within the protein (Fig. 1A). Using classic dele-
tion analysis, transcriptional response driven by a GATA 
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response element was shown to require two separate 
protein segments. Amino acids 31–59 were required for 
the function of the first trans activation domain (TAI), 
and amino acids 132–214 defined a second trans acti-
vation domain (TAII). Loss of the individual activation 
domains decreased reporter output by 5- to 10-fold, and 
combined deletion decreased reporter output by 100-fold. 
Surprisingly, when regions of GATA3 were fused to a 
heterologous DNA-binding domain, TAI, but not TAII, 
activated reporter gene expression (17).

All GATA family members, including GATA3, rec-
ognize a hexanucleotide response element centered on 
the GATA motif. In the case of GATA3, the consensus 

recognition element is (A/T)GATA(A/G) (18). Deletion 
of the amino-terminal zinc finger moiety (ZF1) had no 
impact on in vitro binding to a consensus GATA element, 
but resulted in a modest increase in trans activation func-
tion. Conversely, deletion of ZF2 abolished both DNA 
binding and trans activation (17).

GATA3 AND BREAST CANCER

GATA3 is a prominent marker of the luminal pattern 
of gene expression (19); loss of GATA3 expression is 
associated with tumor types with a propensity for inva-
sive growth and poor prognosis (20). Mechanistically, 
this relationship seems to spring from two properties of 

Figure 1. GATA3 domain structure. (A) The model depicts the known functional domains in GATA3. The two transcriptional activa-
tion domains (TA1 and TA2) are depicted in dark blue; the two zinc finger motifs (N and C) are depicted in yellow. (B) The model 
depicts the known functional domains in GATA3 along with the exon structure. Mutations found in GATA3 in breast cancer are indi-
cated in the figure. Mutations found in Luminal A tumors are indicated above the model; mutations found in Luminal B tumors are 
indicated below the model. Inset indicates symbols for depicting different classes of mutation.
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GATA3. First, GATA3 and ER-a participate in a positive 
feedback loop, each stimulating expression of the other 
(9,21). Second, GATA3 has been identified as an impor-
tant negative regulator of tumor features associated with 
poor prognosis. In human cell lines (22) and in animal 
models (23,24), GATA3 suppressed the expression of fac-
tors critical to epithelial to mesenchymal transition and 
metastasis. Enforced GATA3 expression in a mouse model 
for breast cancer (MMTV-driven polyoma virus middle 
T antigen) led to increased differentiation and decreased 
dissemination and metastasis (6). These expression and 
model system data indicate that GATA3 may play roles in 
breast cancer associated with promoting growth (through 
stimulating expression of ER-a) as well as in maintenance 
of a phenotype with favorable prognosis.

The initial publication by the Cancer Genome Atlas 
project identified 55 somatic GATA3 mutations (a total 
of 10.7% of all patients) in their cohort of 512 sequenced 
tumors (13). Virtually all mutations (53 of 55) were found 
to impact exons 5 and 6 of the GATA3 protein, which code 
for the second zinc finger and the relatively understud-
ied carboxyl terminus (Fig. 1B). Three major classes of 
mutations were described: (1) splice site mutations at the 
exon 4/5 junction and the exon 5/6 junction, (2) frameshift 
mutations in exon 6, and (3) frameshift mutations in zinc 
finger 2.

The splice site mutations at the exon 4/5 junction (total 
of 12 tumors) are all reported by TCGA to have a CA 
deletion at the splice acceptor side of the roughly 5-kb 
intron between exons 4 and 5. This particular CA dinu-
cleotide lies immediately adjacent to the terminal nucle-
otide of the intron (Fig. 2) within the consensus acceptor 
site: (Y-rich) – N – C – A – G –[cut] – G. Examination 
of RNA-seq reads from these tumors reveals that in 11 
of 12 instances, the splice acceptor site is displaced by 
the CA deletion generating a new splice acceptor site 7 
nucleotides downstream (Fig. 2). Utilization of this new 
splice acceptor results in a new reading frame in exon 
5, inclusion of 44 missense amino acids, followed by a 
stop codon. These events, occurring in 20% of tumors 
with GATA3 mutation, result in loss of zinc finger 2 and 
loss of the carboxyl terminus of wild-type GATA3. These 
splice-acceptor site mutations are exclusive to Luminal 
A tumors. Given the requirement for ZF2 for productive 
recognition of the GATA consensus element, this class of 
mutant proteins is predicted to lack specific DNA binding 
capacity. Whether protein products are stable in cells and 
whether any truncated proteins can dimerize with wild-
type GATA3 is currently unknown.

The abundant frameshift mutations in exon 6 are par-
ticularly interesting and are found in both Luminal A and 
Luminal B tumor types. There are 25 reported frameshift 
mutations in exon 6 in the original TCGA breast cancer 
publication (13)—accounting for roughly 50% of all 

GATA3 mutations reported. These mutations are scat-
tered throughout exon 6 from amino acid 388 onward, 
including an example at the stop codon. Slightly under 
half occur at proline 409 (Fig. 1B). All of these frameshift 
mutations alter the reading frame at the carboxyl termi-
nus of GATA3 to the same reading frame, which extends 
the protein from 444 to approximately 500 amino acids 
(506 amino acids in most cases). It is currently unknown 
whether these “extension” frameshift mutants produce 
detectable protein products.

The final class of mutations occurs strictly in Luminal 
B tumors via frameshifts in zinc finger 2. All of these 
mutations (just under 10% of all GATA3 mutations in 
the TCGA report) are predicted to disrupt function of the 
second zinc finger; all result in premature protein trunca-
tion. Unlike the other two major classes of mutation in 
GATA3 in breast cancer, this class of mutations has been 
previously studied. Perou and colleagues reported this 
type of GATA3 mutation in breast tumors a decade ago, 
including a frameshift mutation in zinc finger two on one 
allele in the highly utilized MCF7 cell line (14). In this 
cell line, both wild-type and mutant versions of GATA3 
are expressed, with the mutant form appearing to be more 
abundant at steady state (14,25). As expected, frameshift 
mutation in the zinc finger has a negative impact on DNA-
binding activity. Surprisingly, biochemical fractionation 
experiments demonstrated that a pool of mutant GATA3 
in MCF7 has a salt extraction profile from chromatin 
identical to wild type, suggesting dimerization of mutant 
and wild-type proteins (25), a feature also observed in 
wild-type GATA3 (26). The truncated mutant GATA3 
in MCF7 was also shown to be stabilized to physiologic 
turnover mechanisms induced by estradiol, a novel prop-
erty that was also conferred on wild-type protein. These 
observations suggested that this class of mutants may 
be unusually stable in cells and that the carboxyl termi-
nus serves to regulate physiologic protein turnover (25). 
This model provides a plausible mechanism by which 
this class of mutants might provide a growth advantage 
to tumors. As most luminal tumors are estradiol depen-
dent for growth, and estradiol levels are cyclic in women, 
an increase in protein half-life of an ESR1-cooperating 
transcription factor may permit this class of mutants to 
“bookmark” GATA3-dependent enhancer sites.

A UNIFYING MODEL

GATA3 plays an essential role in the normal devel-
opment and function of the mammary gland where it 
promotes a transcriptional program specifying luminal 
cell identity. In breast cancer, GATA3 represents a use-
ful marker for luminal category tumors. In this abundant 
class of tumors, GATA3 function is postulated to (1) par-
ticipate along with estrogen receptor in growth promo-
tion, (2) contribute to differentiated status by regulation 
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of epithelial specification genes, and (3) repress gene 
products integral to poor prognosis, basal tumor types.

The advent of high-throughput genomic studies of 
cancer has provided a wealth of new knowledge about 
GATA3. The gene is mutated in a high frequency of breast 
tumors, approximately 10%, with both wild-type and 
mutant products typically expressed (13). The observed 
frequency of mutation suggests that mutant GATA3 is a 
driver of breast cancer, while it remains unclear whether 
GATA3 acts as a tumor suppressor or as an oncogene. 
Recently, Vogelstein and colleagues addressed molecu-
lar definition of oncogenic mutations in the context of 
genomic surveys of cancer (27). They proposed that 
oncogenes are characterized by recurrent mutation at 
diagnostic sites, whereas tumor suppressors are typically 
altered by truncation mutations throughout their length. In 
applying this logic to GATA3 in breast cancer, the known 
mutations are highly clustered in exons 5 and 6. While 
they do not localize to a few diagnostic amino acids as 
exemplified by IDH1 mutations (27), it seems likely that 
clustered mutations within one or two functional protein 
domains may be consistent with the proposed definition 
of an oncogene.

The mutational spectrum in GATA3 is somewhat diffi-
cult to pinpoint as generating gains or losses of function. 
The observation that these mutations occur in a heterozy-
gous context, maintaining expression of a fully wild-
type allele, implies, but does not prove, gain of function. 
In the case of two major classes of GATA3 mutations, 
splice site mutations at the exon 4/5 junction and trun-
cating mutation in zinc finger 2, the obvious prediction 
would be loss of function. These mutations result in loss 

of the protein motif required for specific recognition of 
the GATA site. However, the biochemical data derived 
from one exemplar mutation, the ZF2 frameshift found 
in MCF7, are not entirely consistent with these mutations 
generating a growth advantage through loss of function. 
While the mutant protein clearly lacks sequence-specific 
DNA-binding capacity, it is also stabilized to regulation 
at the protein level (14,25), a feature that is also conferred 
on the wild-type protein expressed in the same cells.

A unifying model explaining the mechanism by which 
the mutations observed in breast cancer confer a growth 
advantage (Fig. 3) posits that protein level regulation of 
GATA3 is integral to its normal physiology in luminal 
epithelial cells. Further, this model predicts that the car-
boxyl terminus of the protein serves a critical role in this 
posttranscriptional regulation. Mutations that result in 
premature truncation, including splice site mutations at 
the exon 4/5 junction and truncating frameshift mutations 
in exon 5, should result in aberrant protein stability, pre-
cisely as observed in MCF7 (14,25). As GATA3 impacts 
on the ER-a distribution (8), increases in protein half-
life alter the time window during which the mitogenic 
properties of estradiol are manifested at the level of gene 
transcription by maintaining the chromatin configuration 
at regulatory regions through which ER-a functions. It 
is tempting to speculate that the large class of frameshift 
mutations in exon 6 resulting in extension of the open-
reading frame may likewise interfere with regulation at 
the level of protein stability.

The prediction of this model, regulation of GATA3 at 
the level of protein turnover, is not without precedent in 
the current literature. In the context of Th2 differentiation, 

Figure 2. Mutations at the exon 4/5 junction. (A) The figure depicts the sequence of the primary transcript for human GATA3. The CA 
dinucleotide commonly deleted in breast cancer is boxed. Amino acids encoded by exon 5 are depicted directly above the sequence. 
The CA dinucleotide utilized by the deletion mutants at the splice site is depicted in the yellow box in the RNA sequence. The new 
boundary of the new exon 5, along with the missense amino acid sequence, is depicted above the RNA sequence in green. (B) The 
model depicts the domain structure of wild-type GATA3 along with that of the exon 4/5 splice site mutant proteins. The hatched region 
in the mutant indicates the 44 missense amino acids that are encoded by the mutant RNA. Note that these mutations cause loss of the 
C-terminal zinc finger.
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GATA3 stability is regulated by a signaling cascade and 
the ubiquitin-proteasome pathway (28), a finding mir-
rored in regulatory T cells (29). In prostate cancer, GATA3 
expression at the protein level is lost in Pten-deficient 
tumors, and enforced expression leads to delayed tumor 
progression to invasive and metastatic growth (30). In 
adipocyte differentiation induced by rosiglitazone in cell 
lines, increased GATA3 turnover downstream of prolyl 
hydroxylase function and eventual ubiquitination are 
required (31). Finally, stabilization of GATA3 at the pro-
tein level is associated with the skewed cytokine profile 
characteristic of Sezary syndrome (32).

GATA3 has emerged in recent years as a critical fac-
tor in normal mammary gland function and in breast can-
cer. The discovery of multiple mutations in a previously 
uncharacterized region of the protein in cancer genomic 
studies may provide yet another example of how the study 
of cancer provides novel insights into biology. While the 
impact of cancer-specific GATA3 mutations can be pre-
dicted from the existing literature, much work remains to 
define the impact of these mutations on GATA3 function 
in cancer and what lessons about biology can be extracted 
from these studies.
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