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Abstract

Aims—NKX3.1 is an androgen-regulated tumour suppressor gene that is downregulated in
prostate carcinoma. Immunohistochemistry for NKX3.1 is primarily specific for prostatic-derived
tumours and tissue but is reported in a small number of breast carcinomas. NKX3.1 is also shown
to inhibit estrogen receptor (ER) signalling in breast carcinoma models. Here, we investigate
labelling of NKX3.1 in invasive ductal (IDC) and lobular (ILC) carcinomas of the breast with full
characterisation of ER, progesterone receptor (PR), androgen receptor (AR) and Her2 status.

Methods—Tissue microarrays of 86 primary IDC and 37 ILC were labelled for NKX3.1. The
IDC consisted of 20 luminal A, 7 luminal B, 14 Her2, and 45 triple negative carcinomas. The ILC
consisted of 34 luminal A and 3 luminal B cases. NKX3.1 expression was scored as percentage
nuclear labelling and labelling intensity.

Results—Nuclear NKX3.1 labelling was seen in 2 IDC (2%) and 10 ILCs (27%). labelling
intensity was weak in all cases (1-100% nuclear positivity). Positive NKX3.1 labelling was
significantly associated with ILC (p<0.0001). NKX3.1 labelling was seen only in ER and AR-
positive carcinomas, which showed a significant correlation (p=0.0003 and p=0.0079,
respectively). Expression was not correlated with tumour stage, size, Her2 expression, presence of
lymph node metastases or age.

Conclusions—This is the first study to evaluate NKX3.1 expression in breast carcinomas with
known ER, PR, AR and Her2 status. Further studies are needed to evaluate what potential role
NKX3.1 plays in ER and AR signalling and hormonal treatment response in breast carcinomas.

INTRODUCTION

NKX3.1 is an androgen-regulated, homeobox tumour suppressor gene that is downregulated
in prostate carcinoma and associated with prostate carcinoma progression.1—4
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Immunohistochemical (IHC) expression of NKX3.1 is largely specific for prostatic-derived
tumours and tissue, however, it was also originally described in normal testis, in 9% of
invasive ductal carcinomas (IDC) and in 26% of invasive lobular carcinomas (ILC).1
Although initial studies suggested that NKX3.1 expression by IHC was decreased in
metastatic prostate carcinoma,! newer antibodies show greater sensitivity for NKX3.1 in
prostate metastases.?® This greater sensitivity did not appear to compromise specificity, as
NKX3.1 labelling was examined in a wide range of tumour types and only seen in one non-
prostatic case,8 which was a case of breast ILC.

The finding that NKX3.1 labelling is limited to prostatic and breast carcinomas is an
interesting one, as both tissue types are hormonally regulated, namely through the androgen
receptor (AR)” and estrogen receptor (ER),8 respectively. In prostate carcinoma, NKX3.1
colocalises with AR across the cancer genome,® and NKX3.1 correlates with AR
expression.3 Interestingly, NKX3.1 was shown to inhibit ER signalling in murine models of
breast cancer.10 Furthermore, AR signalling is increasingly understood to have a role in
breast carcinoma progression and is a candidate for targeted therapies in breast carcinoma.ll
AR expression in breast carcinomas is associated with better clinical outcomes independent
of ER status1?13; decreased AR expression is seen in end-stage breast carcinoma
metastases4; and loss of AR labelling predicts earlier recurrences in triple negative breast
carcinomas.1®

To date, the relationship between NKX3.1, AR and ER in human breast carcinoma has not
been examined. Here, we investigate the expression of NKX3.1 in primary IDCs and ILCs
of the breast with full characterisation of clinicopathologic features including AR, ER,
progesterone receptor (PR), and Her2 status.

MATERIALS AND METHODS

Tissue microarray construction and case selection

This study was approved by the institutional review board of the Johns Hopkins Medical
Institutions. Tissue microarrays (TMA) were created from archived, formalin-fixed paraffin-
embedded tissues from 36 cases of primary ILC. Each TMA consisted of 99 cores
measuring 1.4 mm in diameter, with five cores taken per tumour to minimise sampling error,
including one core that contained benign lobules as an internal control. We also evaluated
and expanded upon previously described TMAs6 containing 1 case of primary ILC and 86
cases of primary IDC, subdivided into the categories of luminal A (ER and/or PR+, Her2-),
luminal B (ER and/or PR+, Her2+), Her2 (ER-/PR—-/Her2+), and triple negative carcinomas
(ER-/PR-/Her2-), using established IHC surrogate markers of gene expression profiles.1718

Immunohistochemistry and expression scoring

Briefly, hormone expression for AR, ER, and PR was scored as labelling intensity (none,
weak, moderate or strong) and percentage nuclear labelling (0-100%), with any labelling
greater than 1% considered positive. Her2 IHC expression was scored from 0-3+ using
established criteria using labelling intensity and proportion complete membranous labelling.
To qualify as Her2-positive, a tumour had to demonstrate an IHC score of 3+ (defined as
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greater than 10% complete, strong membranous labelling) or a Her2 fluorescence in situ
hybridisation ratio greater than 2.2. All ER-positive cases in this series showed greater than
70% ER labelling, such that they were unequivocally ER positive; conversely, all cases
classified as ER and PR negative showed 0% nuclear labelling.

NKX3.1 labelling was scored as labelling intensity (absent, weak, moderate and strong) and
labelling extent (0—100%), with any nuclear immunoreactivity considered positive. A core
of benign prostate tissue was included on the TMAs and served as a positive control for
NKX3.1 labelling. IHC of TMAs for NKX3.1 was performed using a prediluted rabbit
polyclonal antibody (Biocare Medical, Concord, California, USA). Sections from formalin-
fixed paraffin-embedded tissue were cut at 4 pm thickness on charged slides, and
immunostaining was performed on automated Ultra Benchmark system (Ventana Medical
Systems, Tucson, Arizona, USA) using a biotin-free Ultra-View detection (Ventana Medical
Systems, Tucson, Arizona, USA). Staining followed routine basic steps of IHC including
baking, deparaffinisation, antigen retrieval with high pH EDTA buffer (CC1) for 36 min and
primary antibody incubation for 36 min. An amplification step was added that was followed
by an ultra-wash step. For visualisation, reaction was developed with 3’3’ diaminobenzidine,
and then counterstained with haematoxylin.

Statistical analysis

RESULTS

NKX3.1 nuclear labelling was correlated to carcinoma type (IDC vs ILC), hormone receptor
status (AR, ER and PR), tumour stage, tumour size, Her2 expression, presence of lymph
node metastases and mean patient age using a Fisher’s exact test calculated with GraphPad
Software. A p value of <0.05 was considered to be statistically significant.

Clinicopathologic characteristics

The previously described 86 IDC cases consisted of 20 luminal A, 7 luminal B, 14 Her2
positive, and 45 triple negative carcinomas.1® The patients represented in these TMAs had
an average age of 55 years (range, 30-95 years); three cases were Elston grade I, 15 cases
were Elston grade 11, and 68 cases were Elston grade I11. The 37 ILC cases consisted of 34
luminal A and 3 luminal B. Lobular carcinoma in situ (LCIS) was present in 18 cases, 3 of
which were pleomorphic LCIS. Clinicopathologic data was available for the 36 ILC on the
newly created TMAS, which had an average patient age of 58 years (range, 34—-87 years) and
average primary tumour size of 2.9 cm (range, 0.7-10 cm). Fourteen cases were stage |, 13
cases were stage |1, 8 cases were stage I11, and one case presented as stage 1V with
metastatic disease to the bone. Three cases were Elston grade 111, with the remaining 33
cases grades I-11. Androgen receptor labelling was able to be interpreted on 121 of the 122
carcinomas in this series. Of the 121 carcinomas, there were 58 ER +/AR+, 4 ER+/AR-, 20
ER-/AR+, and 39 ER-/AR-.

NKX3.1 labelling

The clinicopathologic and demographic details of cases with positive NKX3.1 labelling are
described in table 1. Nuclear NKX3.1 labelling was seen in 2 IDC (2%) and 10 ILC (27%)
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(figure 1), as well as in the associated LCIS in three of the ILC. All but one case with
NKX3.1 labelling were luminal A, with the remaining case being luminal B. One case of the
positive ILC had pleomorphic features (case 6). The nuclear labelling intensity was weak in
all cases, with variable percentages of cells demonstrating expression (1-100%). NKX3.1
positivity was seen only in ER-positive and AR-positive breast carcinomas, which showed a
significant correlation (p=0.0003 and p=0.0079, respectively, Fisher’s exact test). The
NKX3.1-positive cases representing 21% of all ER+/AR+ carcinomas in this series. Positive
labelling was also significantly associated with the lobular histologic subtype (p<0.0001,
Fisher’s exact test; table 2). NKX3.1 expression did not statistically correlate with tumour
stage, presence of lymph node metastases, tumour size, Her2 expression, or patient age.

In control tissues included on the TMA, NKX3.1 labelling was positive in benign prostatic
tissue and negative in gastric mucosa, small intestine, large intestine, skin, placenta, benign
fibroadipose tissue, pancreas, endometrium, smooth muscle, lung, liver, kidney, spleen,
lymph node, thymus, cerebellum and gallbladder. No NKX3.1 labelling was seen in any of
the benign breast lobules.

DISCUSSION

Breast cancer is the most common malignancy and cause of cancer death in women in the
USA.19 IDC represents the most common type of invasive breast carcinoma,2® with ILC
comprising the second largest subtype. IDC and ILC have different biologic
behaviours21-23; |LC tends to occur more often in older women, has a higher degree of
hormone receptor positivity, a lower pathologic response to neoadjuvant therapy, and
metastasises to unusual sites such as the gastrointestinal tract and ovary. Hormone receptor
status is a critical component of breast carcinoma prognosis and predicts response to
therapy. ER and PR-positive breast carcinomas have a better clinical outcome than ER or
PR-negative carcinomas,324 and it is increasingly understood that androgens also have an
important role in breast cancer progression. AR-positive carcinomas also have a better
overall clinical outcome, 1213 and loss of AR expression is associated with breast cancer
metastases4 and the development of early recurrence.1®

NKX3.1 is a tumour suppressor gene that is regulated by androgens in the human prostate. It
colocalises with AR across the prostate cancer genome? and is associated with AR
expression in human prostate carcinomas.3 NKX3.1 is implicated in human prostate
development and progression of prostate carcinoma.l Loss of NKX3.1 protein expression
in prostate carcinoma has been associated with hormone-refractory disease? and advanced
tumour stage23 in limited studies. However, NKX3.1 expression by IHC has been primarily
used to support the diagnosis of prostate carcinoma in primary! and metastatic sites.%8

Previous studies reported NKX3.1 expression in primary breast carcinomas,16 but not in
benign breast tissue.! Interestingly, NKX3.1 is shown to inhibit ER signalling in murine
breast carcinoma.1? Given the reported positive labelling of NKX3.1 in a number of IDC
and ILC, as well as the association of NKX3.1 with AR in the prostate and ER in mouse
breast cancer lines, we hypothesised that NKX3.1 would have an association with ER and
AR-positive breast carcinomas. However, no previous study had examined NKX3.1 and
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hormone receptor expression in breast carcinomas. Here, we present the first systematic
study of NKX3.1 labelling in primary breast carcinomas with known AR, ER, PR and Her2
status.

Our study demonstrates nuclear NKX3.1 labelling in 2% of IDC and 27% of ILC, which is
in keeping with previously reported rates of 0-9% labelling in IDC16 and 25-26% labelling
in ILC.16 NKX3.1 labelling significantly correlated with the ILC histologic subtype and
with ER/PR and AR-positive hormonal status. All but one case of NKX3.1 positivity were
seen in luminal A carcinomas, which are an ER/PR-positive and Her2 negative subset of
carcinomas with lower risk of local recurrence?® and overall better prognosis.26

It is possible that NKX3.1 is regulated by androgens in the breast in the same way as in the
prostate; however, not all AR-positive breast carcinomas in our series demonstrated NKX3.1
labelling. Furthermore, it is unclear if NKX3.1 is aberrantly induced by ER, or if it is
inhibiting the ER signalling pathway in these carcinomas. Further studies are needed to
correlate NKX3.1 expression with clinical response to hormonal therapies, as well as disease
progression and overall survival. Finally, the underlying mechanism for the increased
NKX3.1 labelling seen in ILC than IDC is unclear. This may be due to the increased
proportion of hormone receptor positivity in ILC than IDC, however, this cannot entirely
explain the difference as still only 7% of ER-positive IDC labelled with NKX3.1. Additional
studies are warranted.

Finally, in the work-up of a metastatic carcinoma of unknown primary, the presence of
NKX3.1 labelling in prostate and breast carcinomas is unlikely to cause diagnostic
confusion with exception of a rare circumstance of a male patient with lobular breast
carcinoma and prostate carcinoma. The clinical history and other organ-specific markers,
such as prostrate specific antigen (PSA) for prostate and gross cystic disease fluid protein
(GCDFP) or mammaglobin for breast, would certainly help resolve this issue.

In summary, this is the first study to evaluate the expression of the androgen-regulated
tumour suppressor NKX3.1 in breast carcinomas with known AR, ER, PR and Her2 status.
NKX3.1 labelling is limited to ER, PR and AR-positive carcinomas, with greater expression
seen in ILC than IDC. Future studies are needed to determine if NKX3.1 may serve as a
predictive or prognostic factor in breast carcinomas, and to examine the expression in male
breast carcinomas.
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Figure 1.
NKX3.1 labelling is seen in invasive lobular and ductal carcinomas of the breast. Benign

prostatic glands (A) show strong nuclear NKX3.1 labelling (D), serving as a control on the
tissue microarrays. Over 25% of invasive lobular carcinomas (B) showed weak-moderate
nuclear labelling for NKX3.1 (E). Benign breast lobules did not label for NKX3.1 in any
cases (E, right-hand side). Just 2% of invasive ductal carcinomas (C) showed weak nuclear
NKX3.1 labelling (F). (x40)
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