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Abstract

Wnt family member 9b (Wnt9b) has been demonstrated as a valuable marker for breast cancer diagnosis in surgical pathology.
In this study, we examined the utility of Wnt9b in diagnosing metastatic breast carcinoma in cytology samples. Cell blocks
from fine needle aspirations (FNA) and fluid specimens of 96 metastatic breast carcinomas and 123 primary and metastatic
non-breast neoplasms from various organ systems were evaluated by Wnt9b and GATA3 immunohistochemistry (IHC).
Wnt9b and GATA3 were positive in 81.3% and 92.7% of metastatic breast carcinomas, respectively. Conversely, 93.5% and
90.0% of non-breast, non-urothelial carcinomas were negative for Wnt9b and GATA3, respectively. Wnt9b expression
was positive in rare gastrointestinal, gynecological, lung, pancreas, and salivary gland tumors. All twenty-eight urothelial
carcinomas were negative for Wnt9b, while twenty-six (92.9%) were positive for GATA3. Wnt9b was slightly less sensi-
tive but more specific than GATA3 in diagnosing metastatic breast cancer in cytology samples. Particularly, Wnt9b shows
higher specificity in differentiating breast and urothelial primaries. The combined use of Wnt9b and GATA3 may increase

diagnostic accuracy.
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Introduction

Breast cancer is the most common cancer worldwide, sur-
passing lung cancer for the first time in 2020. An estimated
2,261,419 new breast cancer cases were diagnosed in women
worldwide in 2020. Breast cancer is the most common can-
cer type in women in the United States after skin cancer and
remains the second cause of cancer death in women, despite
many advances in treatment and a significant decline in mor-
tality [1]. Despite the decrease in mortality, breast cancer
incidence rates continue to increase annually by about 0.5%
[2]. Core needle biopsy (CNB) is the method of choice for
initial breast cancer diagnosis. However, cytology methods
such as fine needle aspiration (FNA) and effusion cytology
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are used to diagnose most metastatic breast cancers. Cytol-
ogy methods are generally less invasive with lower cost and
fewer complications than core needle biopsy [3]. However,
cytology diagnosis is often limited by the lack of histologic
architecture and the low quantity of available tumor cells
[4-6]. Given these limitations, immunohistochemical mark-
ers with high sensitivity and specificity are particularly use-
ful in the cytologic diagnosis of breast origin.
Traditionally, cytokeratin 7 (CK7), estrogen receptor
(ER), gross cystic disease fluid protein-15 (GCDFP15),
and mammaglobin have been used as immunohistochemi-
cal markers of breast cancer. However, given their expres-
sion in many other organ systems, these markers are not
sensitive or specific [7-14]. Later, GATA binding protein 3
(GATA3) emerged as the best marker to confirm the breast
origin. GATA3 is more sensitive than ER, GCDFP15, and
mammaglobin [15-17] and has been widely utilized in rou-
tine pathology practice. However, GATA3 is expressed in
non-breast neoplasms, such as urothelial carcinomas, renal
cell carcinomas, and paragangliomas [18-21]. Recently,
Trichorhinophalangeal syndrome GATA-binding type 1
(TRPS1), another GATA-binding transcription factor, has
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gained increased attention as a new sensitive and specific
marker for breast cancer with sensitivity ranging from 86 to
98% [22-26] since its utility in breast cancer diagnosis was
first introduced in 2010 [27].

Wnt9b protein has recently gained attention as a possi-
ble breast cancer marker due to its association with cancer
development since its discovery. Wnt family proteins are
encoded by 19 different Wnt genes that have vital roles in
embryonal development and homeostasis [28]. They play a
role in activating many downstream genes by nuclear local-
ization of P-catenin that results from the binding of Wnt
proteins to Frizzled (FZD) and LRP5/6 receptors as a part
of the canonical pathway. Wnt proteins can also increase
intracellular calcium by binding to the FZD receptor without
affecting B-catenin as part of the non-canonical pathway.
Abnormal Wnt signaling promotes cancer by affecting cell
proliferation, angiogenesis, metastasis, tumor immunology,
genome stability, and glycolysis [29]. Although their exact
roles in tumorigenesis and tumor progression of each cancer
type are not fully understood, different types of Wnt protein
overexpression are reported in cervical (Wnt6), colorec-
tal (Wnt6b and Wnt10a), and breast carcinomas (Wnt9b)
[30-33]. In our previous study, we demonstrated that Wnt9b
has sensitivity similar to GATA3 but greater specificity in
establishing breast primary in surgical pathology [34]. In
this current study, we aimed to evaluate Wnt9b expression in
cytology samples with tumors of breast and non-breast ori-
gin and examine the utility of Wnt9b as a diagnostic marker
in cytology side by side with GATA3.

Materials and methods

The study was approved by the Institutional Review Board
of Lifespan Health System in Rhode Island.

Patient selection

Ninety-six metastatic breast cancers and one hundred and
twenty-three primary and metastatic non-breast cancers
accessioned from 2011 to 2019 were retrieved from the
Department of Pathology archives of Lifespan Health Care
System (Rhode Island Hospital and The Miriam Hospital).
Concurrent lymph node aspirates at the time of the initial
breast cancer diagnosis were excluded. The breast group
consisted of 36 samples fixed in 10% neutral buffered for-
malin, and 60 fixed in CytoLyt® solution. The specimens
included fine needle aspiration biopsies of bone and soft
tissue, (non-axillary) lymph nodes, lung, mediastinum, liver,
and fluids (pericardial, pleural, ascitic, and cerebrospinal).
In sixty-eight cases, there was a high clinical suspicion of
breast cancer (e.g., a recent history of high-stage breast car-
cinoma). Twenty-three were diagnosed with an intermediate
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suspicion (e.g., remote history of breast cancer or history
of a second malignancy) in which confirmatory immuno-
histochemistry was helpful. Five cases were “cancers of
unknown primary” with no documented history of breast
cancer, and IHC was essential for establishing breast pri-
mary. The non-breast cancers consisted of 123 samples (41
primary and 82 metastatic tumors), 39 of which were fixed
in 10% neutral buffered formalin, and 84 of which were fixed
in CytoLyt® solution. The specimens included fine needle
aspiration biopsies of bone and soft tissue, lymph nodes,
lung, esophagus, pancreas, kidney, adrenal, liver, and fluids
(pleural and ascitic). The tumor types included lung (58),
gastrointestinal tract (12), gynecologic tract (8), genitouri-
nary tract (28), kidney (4), liver (4), pancreas (4), prostate
(3), salivary gland (1), and soft tissue (1) tumors.

It is not always feasible to have a concurrent surgical
specimen as the gold standard for all the cytology cases (e.g.,
effusions), especially in patients presenting with advanced
disease. 80.21% of our breast cancer cases had a correspond-
ing surgical pathology specimen. 88.6% of the non-breast
cases had a corresponding surgical pathology specimen dur-
ing the workup, either as a concurrent sample (48.7%) or as
previous or follow-up specimens (39.9%), which confirmed
the cytologic and immunohistochemical impressions.

Immunohistochemistry

Wnt9b immunostain was performed on the cell blocks of all
breast and non-breast cancers. GATA3 stain was performed
on all the cases except for five non-breast cancers due to
limited tissue in the block.

Immunohistochemical staining was performed on the Dako
Autostainer Plus using EnVision Dual Link detection reagent
(DAKO, Carpinteria, CA) with DAB (DAKO). The following
primary antibodies were used: mouse monoclonal GATA3
antibody (clone L50-823, 1:100 dilution; Biocare Medical,
Pacheco, CA) and rabbit polyclonal Wnt9b antibody (clone
HPAO058361, 1:100; MilliporeSigma, St. Louis, MO).

Wnt9b and GATA3 expression were considered positive
if > 1% of tumor cells showed at least weak nuclear staining
intensity. To further stratify the Wnt9b positive cases we
used the Allred scoring scheme [35], similar to our previ-
ous study [34]. Specifically, the staining intensity score was
graded as O for negative, 1 for weak, 2 for moderate, and 3
for strong staining. The percentage score was rated as O for
0%, 1 for 0-< %1, 2 for 1-10%, 3 for 11-33%, 4 for 34—66%,
and 5 for 67-100% of tumor nuclei stained. A combined
intensity and percentage score of >3 was considered positive
for Wnt9b. Wnt9b staining was reviewed by a cytopatholo-
gist (SM), and a consensus was made among other patholo-
gists if there was any ambiguity. Breast cancer receptor sta-
tus and other clinicopathologic features were obtained from
the pathology reports.
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Statistical methods

All data were collected and analyzed using Microsoft Excel
(Microsoft Office Professional Plus 2016), SAS 9.4, and
JMP Pro 16 (SAS Institute, Cary, NC). We used Fisher’s
exact test to compare the categorical variables (i.e., compari-
son of the specificity of GATA3 and Wnt9b and the accuracy
of the aforementioned immunohistochemical markers in for-
malin-fixed versus CytoLyt®-fixed cell blocks). A p-value
of <0.05 was considered statistically significant.

Results
Expression of Wnt9b and GATA3 in breast carcinoma

Wnt9b exhibited a nuclear staining pattern in metastatic
breast carcinoma. No cytoplasmic or membranous immuno-
reactivity was observed (Fig. 1). Weak nonspecific staining
was noted in the granulocytes and histiocytes.

Of the 96 breast cancer cases, 55 showed moderate (28,
29.2%) or strong (27, 28.1%) Wnt9b nuclear staining. Thirty
(31.3%) showed weak staining, and 11 (11.5%) had no stain-
ing (Table 1). Over half (56, 58.3%) of the breast tumors
expressed Wnt9b in 67% or more of the tumor cells, and

Table 1 Intensity Score of Wnt9b Staining in Breast and Non-breast
Tumors

Intensity Score Breast (%) Non-breast (%)
0 (negative) 11 (11.5) 112 91.1)

1 (weak) 30 (31.3) 8 (6.5)

2 (moderate) 28 (29.2) 3(24)

3 (strong) 27 (28.1) 0 (0)

Total 96 123

11.5% (11) expressed Wnt9b in 34% to 66% of the tumor
cells (Table 2). Based on the Allred scoring system, 81.3%
(78/96) of breast cancers were positive for Wnt9b. In com-
parison, 82.3% (79/96) of breast cancers were positive for
GATA3 (Table 3).

The Nottingham grading of primary breast tumors was
available in 44 of 96 cases. Among 44 cases, nine were
Wnt9b-negative, four being Grade 2 and five being Grade 3.
All 44 except one Grade 3 tumor were positive for GATA3.
Of 63 tumors with known primary histologic types, 82.7%
(43/52) and 94.2% (49/52) of the invasive ductal carcino-
mas were positive for Wnt9b and GATA3, respectively. For
the invasive tumor with ductal and lobular features, 60%
(3/5) and 100% (5/5) were positive for Wnt9b and GATA3,

Fig. 1 Expression of Wnt9b and GATA3 in cytology specimens. a-c
(200x): Metastatic breast cancer (ER-positive, HER2-negative) from
the FNA biopsy of station 7 lymph node. Hematoxylin & Eosin-
stained cell block a, demonstrates nuclear staining when stained with

Wnt9b b, and GATA3 c. d-f (200x): Metastatic urothelial carcinoma
of the bladder from pleural fluid cytology. Hematoxylin & Eosin-
stained cell block d, stains negative for Wnt9b e, and positive for
GATA3 f
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Table 2 Proportion Score of Wnt9b Staining in Breast and Non-breast
Tumors

Percentage Score Breast (%) Non-breast (%)
0 (0%) 11 (11.5) 112 (91.1)

1 (0%-<1%) 7(7.3) 3(24)

2 (1%-10%) 8(8.3) 4(3.3)

3 (11%-33%) 3@3.1) 1(0.8)

4 (34%-66%) 11 (11.5) 3(24)

5 (67%-100%) 56 (58.3) 0(0)

Total 96 123

respectively. One of six invasive lobular carcinoma samples
was negative for Wnt9b, and all six were positive for GATA3
(Table 3).

In 69 ER-positive tumors, 87% (60/69) were Wnt9b posi-
tive as opposed to 97.1% (67/69) for GATA3. Twelve of
18 (66.7%) ER-negative tumors were positive for Wnt9b,
and 13 of 18 (72.2%) were positive for GATA3. Only nine
tumors were HER2-positive. In these nine tumors, five
were positive for Wnt9b and six were positive for GATA3.
81.2% (59/69) and 95.7% (66/69) of HER2-negative tumors
were positive for Wnt9b and GATA3, respectively. Of 13

Table 3 Expression of WNT9b and GATA3 in Breast Carcinoma

Classification WNT (%) GATA3 (%)
Nottingham grade * 35/44 (79.6) 43/44 (97.7)
Nottingham grade 1 1/1 (100) 1/1 (100)
Nottingham grade 2 17721 (81) 21/21 (100)
Nottingham grade 3 17/22 (77.3) 21/22 (95.5)
Histology* 51/63 (81) 60/63 (95.2)
Ductal 43/52 (82.7) 49/52 (94.2)
Invasive with ductal and lobular 3/5 (60) 5/5 (100)
features 5/6 (83.3) 6/6 (100)
Lobular
ER* 72/87 (82.8) 80/87 (92)
Positive 60/69 (87) 67/69 (97.1)
Negative 12/18 (66.6) 13/18(72.2)
HER2* 64/78 (82.1) 72/78 (92.3)
Positive 5/9 (55.5) 6/9 (66.6)
Negative 59/69 (81.2) 66/69 (95.7)
ER, PR, HER2* 71/86 (82.6) 79/86 (91.9)
Triple-negative 10713 (76.9) 10/13 (76.9)
Others 61/73 (83.6) 69/73 (94.5)
Sites of metastasis 78/96 (81.3) 79/96 (82.2)
Ascites 7/7 (100) 7/7 (100)
Bone/spine 14/17 (82.4) 6/7(85.7)
Chest wall 1/3 (33.3) 2/3(66.6)
Cerebrospinal fluid 02 (0) 1/2 (50)
Liver 2/2(100) 2/2 (100)
Lymph node (non-axillary) 10713 (76.9) 10/13 (76.9)
Lung/pleura/pericardium/mediastinum  44/50 (88)  50/50 (100)
Soft tissue 0/2 (0) 1/2 (50)

“Pathological features were not available for all primary breast cancers
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triple-negative tumors, ten were positive for both Wnt9b and
GATA3 (76.9%) (Table 3).

The positive rates of GATA3 were higher than Wnt9b
in metastases to bone/spine, chest wall, cerebrospinal fluid,
supradiaphragmatic organs, and soft tissue. In contrast,
Wnt9b and GATA3 had the same positive rates in ascites,
liver, and non-axillary lymph node metastases (Table 3).

Expression of Wnt9b in non-breast metastatic cancer

The comparative expression of Wnt9b and GATA3 has been
presented in Table 4 and Supplemental Table 1. Wnt9b and
GATA3 were negative in most non-breast cancers. Wnt9b
had a significantly better specificity; 115 of 123 cases were
negative for Wnt9b (specificity of 93.5%), and 83 of 118
were negative for GATA3 (specificity of 70.3%) (Table 4),
p<0.0001 when compared using Fisher’s exact test. Six
cases (three urothelial carcinomas, one lung adenocarci-
noma, one colon adenocarcinoma, and one pancreatic ade-
nocarcinoma) showed weak cytoplasmic Wnt9b staining.
However, they did not have any nuclear staining and were
considered Wnt9b-negative.

Table 4 Expression of WNT9b in various tumors of extramammary
origin

Tumor Type WNT9% GATA3
Positive Rate Positive Rate
(%) (%)

Urothelial carcinoma 0/28 (0) 26/28 (92.9)
Bladder o/19 (0) 18/19 (94.7)
Kidney 0/2 (0) 2/2 (100)
Ureter 0/2 (0) 2/2 (100)
Urethra 0/1 (0) 1/1 (100)
Not specified 0/4 (0) 3/4(75)
Colorectal adenocarcinoma 0/7 (0) 0/7 (0)
Gastroesophageal adenocarcinoma 1/5 (20) 1/3 (33.3)
Tubo-ovarian high-grade serous 1/2 (50) 0/2 (0)

carcinoma 1/2 (50) 0/2 (0)
Endometrial endometrioid 1/4 (25) 1/4 (25)

adenocarcinoma
Miillerian origin, not otherwise

specified
Renal cell carcinoma 0/4 (0) 0/4 (0)
Hepatocellular carcinoma 0/4 (0) 0/4 (0)
Lung 2/58 (3.5) 5/55 (9.1)
Adenocarcinoma 0/42 (0) 4/39 (10.3)
Squamous cell carcinoma 2/10 (20) 1/10 (10)
Large cell neuroendocrine carcinoma  0/2 (0) 0/2 (0)
Small cell carcinoma 0/3 (0) 0/3 (0)
Carcinoid tumor 0/1 (0) 0/1 (0)
Pancreatic ductal adenocarcinoma 1/4 (25) 1/4 (25)
Salivary gland adenoid cystic carcinoma 1/1 (100) 0/1 (0)
Prostate adenocarcinoma 0/3 (0) 0/3 (0)
Soft tissue leiomyosarcoma 0/1 (0) 1/1 (100)
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There were three cases positive for both markers, includ-
ing one Mullerian adenocarcinoma, one lung squamous cell
carcinoma, and one pancreatic adenocarcinoma. Thirty-two
cases were positive for GATA3 but negative for Wnt9b.
These included twenty-six cases of urothelial carcinomas,
four adenocarcinomas of the lung, one soft tissue leiomyo-
sarcoma, and one esophageal adenocarcinoma. Five cases
were negative for GATA3 but positive for Wnt9b, including
one endometrioid adenocarcinoma, one ovarian serous carci-
noma, one esophageal adenocarcinoma, one lung squamous
cell carcinoma, and one adenoid cystic carcinoma (Table 4).

Urothelial carcinoma had the highest rate of GATA3 posi-
tivity among all non-breast cancer types: twenty-six (92.9%)
of twenty-eight urothelial carcinomas were positive, while
all twenty-eight were negative for Wnt9b. GATA3 also
showed a higher positivity rate than Wnt9b in lung cancers
(9.1% vs. 3.5%). Four out of thirty-nine lung adenocarcino-
mas were positive for GATA3, while all were negative for
Wnt9b. Wnt9b was positive in three of eight gynecologi-
cal tumors, while GATA3 was positive in one (Table 4). A
comparison of Wnt9b and GATA3 expression in breast and
non-breast tumors is summarized in Supplemental Table 2.

Comparison of Wnt9b performance in formalin-fixed
versus CytoLyt®-fixed cell blocks

For breast and non-breast cases combined, Fisher’s exact test
was used to determine if there was a significant association
between the fixation agent used (formalin vs. CytoLyt®) and
the Wnt9b accuracy. Overall, our results showed a 90.41%
accuracy when formalin was used and an 86.62% accuracy for
samples fixed in CytoLyt®. There was no statistically signifi-
cant difference between these accuracies (p-value=0.5111).

Discussion

De novo metastatic breast cancer comprises approximately
6% of diagnoses in women in the U.S. [36]. Also, nearly
30% of women initially diagnosed with early-stage disease
will ultimately develop metastasis [37]. When dealing with
metastatic cancers of unknown primary, the recommended
approach is to use a panel of immunohistochemical markers,
including several organ-specific markers in conjunction with
the cytomorphologic findings and clinical history. However,
there are still challenges due to the wide range of sensi-
tivity and specificity of the immunohistochemical markers
and their aberrant loss or expression in advanced or treated
tumors [38]. Cytologic specimens pose a more significant
challenge due to their small sample size, lack of histomor-
phology, and a broad spectrum of preanalytical factors such
as collection media, preservatives, fixatives, processing, and
cell block techniques [39].

GCDFP-15 has a higher specificity but lower sensitiv-
ity as a breast marker [40]. GCDFP-15 expression is usu-
ally seen in hormone receptor-positive, HER2-positive, and
apocrine tumor types, whereas it is negative in most triple-
negative breast cancers [41]. Mammaglobin also has a vari-
ably low sensitivity [42], and both these markers can show
reactivity in various non-breast tumors [38].

GATA3 is superior to the two former markers and has
shown a high positivity rate of 96% in non-triple-negative
breast carcinomas [43]. Although GATA3 significantly
improves the diagnosis of triple-negative breast cancers
compared to GCDFP15 and Mammaglobin, it still has a
low sensitivity (44-66%) [44]. GATA3 expression has been
reported in various non-breast tumor types [18-21]. Par-
ticularly, GATA3 is a sensitive marker of urothelial origin
and, therefore, cannot be used for differentiating breast and
urothelial primaries [45].

SRY-related HMG-box 10 (SOX10), historically a marker
of tumors of neural crest origin, can also be positive in breast
basal-like, triple-negative, and metaplastic carcinomas and,
therefore, can be a helpful addition to the panel when deal-
ing with hormone receptor and HER2-negative tumors [46,
47]. However, one should remember its expression in vari-
ous salivary gland tumors [48].

TRPS1, another GATA-binding transcription factor, is a
new sensitive and specific marker for breast cancer with sen-
sitivity ranging from 86 to 98% [22-26]. Yoon et al. showed
TRPS1 expression in 100% of triple-negative primary and
metastatic invasive lobular carcinomas, 99% of triple-neg-
ative primary and metastatic invasive breast carcinomas of
no special type, and 95% of metaplastic breast carcinomas
[49]. In a recent study of TRPS1 in cytology specimens,
a similar high expression in all three breast cancer types
was noted. More importantly, TRPS-1 showed positivity in
100% of triple-negative breast cases compared with GATA-3
(76%) [50].

We have recently identified a new marker of breast origin,
Wnt9b, which was found to be as sensitive as GATA3, but
with better specificity in surgical specimens [34]. A subse-
quent study by Shaker et al. expanded their cohort to include
triple-negative breast cancers and metaplastic carcinomas.
The study showed above 90% Wnt9b expression in breast
carcinomas and non-metaplastic triple-negative breast car-
cinomas and 80% expression in metaplastic carcinomas.
Wnt9b expression in metaplastic carcinomas was signifi-
cantly higher than GATA3 and SOX10 but slightly lower
than TRPS1 [51].

To our knowledge, this is the first study that examines
the sensitivity and specificity of Wnt9b in cytologic speci-
mens for the diagnosis of metastatic breast carcinoma. We
excluded the metastatic breast cancers from the ipsilateral
axillary lymph nodes in our series and included only the
distant metastases, as immunohistochemistry is not routinely
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used on malignant axillary lymph node FNAs if the concur-
rent core needle biopsy of the ipsilateral breast shows inva-
sive breast cancer unless there is a suspicion of another pri-
mary. Wnt9b demonstrated a slightly better specificity than
GATA3 (93.5% vs. 70.3%), albeit with a lower sensitivity
(81.3% vs. 92.7%). In practice, using a panel of immunohis-
tochemical markers is generally recommended. Therefore,
combining these two markers may increase diagnostic accu-
racy in cytology specimens.

One of the advantages of using Wnt9b as a breast marker
is its absence of expression in urothelial carcinoma as
opposed to GATA3, which is also a urothelial marker [34].
The current series demonstrated the same finding: twenty-
eight urothelial carcinomas from the bladder, ureter, and
kidney were all negative for Wnt9b, while twenty-six were
GATA3 positive.

Among over 50 cases of lung cancer, two squamous cell
carcinomas were positive for Wnt9b, while four adenocar-
cinomas and one squamous cell carcinoma were positive for
GATA3. GATA3 is known to be expressed in squamous cell
carcinomas of the head and neck and lung origins [52, 53].
Similar to GATA3, Wnt9b was expressed in two of the ten
lung squamous cell carcinomas. In our previous study on
tumor resections, Wnt9b was negative in all 26 lung cancers
[34]. The discrepancy could be related to our small sample
size or different tissue preparation.

The expression of Wnt9b (37.5%) and GATA3 (12.5%)
in metastatic gynecological cancers was surprisingly high.
In our previous study, Wnt9b was negative in all 47 gyneco-
logical cancer resection microarrays [34]. On the other hand,
GATA3 was positive in only 7.0% of 89 endometrial adeno-
carcinomas. Further studies in this regard may elucidate the
reason for this discrepancy.

The cytology specimens differ from core needle biop-
sies and surgical resections in sample cellularity and lack of
histologic data. Also, there is a high number of metastatic
tumors that present as cytologic samples. Therefore, the use
of immunohistochemistry is necessary in such instances.
However, the cytologic samples also differ in tissue acquire-
ment, fixation, and processing methods. Therefore, it is cru-
cial to validate any new immunohistochemical marker on
these specimens. Our study compared Wnt9b performance
in 75 formalin-fixed versus 144 cytolyt®-fixed cell blocks.
We found a 90.41% accuracy when formalin was used and
an 86.62% accuracy for samples fixed in CytoLyt® with no
statistically significant difference.

One of the limitations of our study is the low number of
some non-breast tumor categories. Also, we only included
13 triple-negative breast cancers with a 76.9% positive rate
for Wnt9b. A recent paper demonstrated a Wnt9b positivity
rate of 97% in 34 triple-negative breast cancers [52]. This
discrepancy may be due to different tissue processing and
fixation (cytology), low cellularity of tumor cells in the cell
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blocks, our lower number of cases, or loss of Wnt9b expres-
sion in metastatic tumors. We did not have any metaplas-
tic breast carcinomas in our cohort. Wnt9b showed a good
sensitivity of 80% in the same study [38]. Finally, we did
not compare Wnt9b performance with the other new breast
markers TRPS1.

In summary, this is the first study examining the utility of
Wnt9b in diagnosing metastatic breast carcinoma in cytol-
ogy specimens. Wnt9b exhibited a nuclear staining pattern
in metastatic breast carcinoma and no significant differ-
ence in accuracy in Formalin-fixed versus CytoLyt®-fixed
specimens. While GATA3 showed a slightly higher sensitiv-
ity, Wnt9b had a significantly better specificity (93.5% vs.
70.3%). This, for the most part, is related to GATA3 expres-
sion in urothelial carcinomas, as all twenty-eight urothelial
carcinomas in our cohort were negative for Wnt9b. There-
fore, Wnt9b is superior to GATA3 if the differential diagno-
sis includes breast and urothelial primaries, and using these
two markers in an immunohistochemical panel may increase
diagnostic accuracy in cytology specimens. Further studies
with a larger cohort are needed to evaluate the performance
of Wnt9b for cytologic diagnosis of triple-negative and
metaplastic breast cancers, various salivary gland, and skin
adnexal tumors, and compare its function with the other new
breast marker TRPS1.
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