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K e Y   P O i n t S

•  Nuclear receptor subfamily 4 
group A member 3 (NR4A3) is 
highly sensitive and specific 
in distinguishing acinic cell 
carcinoma from other primary 
salivary neoplasms on limited 
cytologic preparations and in 
surgical specimens.

•  NR4A3 expression is retained in 
cases of acinic cell carcinoma 
with high-grade transformation.

•  NR4A3 immunocytochemistry has 
potential utility on direct smears 
from acinic cell carcinoma.
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a B S t r a c t

Objectives: Salivary gland acinic cell carcinoma (AciCC) has recognizable 
cytomorphologic features that can overlap with benign and malignant entities, creating 
a diagnostic challenge. AciCC harbors a t(4;9) translocation increasing nuclear receptor 
subfamily 4 group A member 3 (NR4A3) expression, detectable by immunohistochemistry 
(IHC) on surgical resection (SR). NR4A3 IHC cytology data are limited. Here, we examine 
NR4A3 IHC on smears, cell blocks (CBs), and SRs of AciCC and its mimickers.

Methods: Our cohort comprised AciCC (including high-grade transformation), secretory 
carcinoma, mucoepidermoid carcinoma (MEC), Warthin tumor, pleomorphic adenoma 
(PA), cellular PA, carcinoma ex-PA, oncocytic carcinoma, oncocytoma, and nodular 
oncocytosis. NR4A3 IHC (Santa Cruz Biotechnology and Origene antibodies) was positive if 
more than 5% tumor cells showed nuclear staining.

Results: Among CBs, 90% of AciCC cases and none of the mimickers expressed NR4A3. 
Among SRs, 100% of AciCC cases showed diffuse NR4A3, whereas one high-grade MEC 
expressed focal NR4A3. Concordance was 95% with two antibody clones. Sensitivity, 
specificity, positive predictive value, and negative predictive value were 90%, 100%, 
100%, and 94.7% for CBs and 100%, 98.8%, 92.3%, and 100% for SRs, respectively. NR4A3 
immunostaining was demonstrable on smears from an AciCC case.

Conclusions: NR4A3 IHC can be a robust diagnostic tool to identify AciCC, especially for 
cytology specimens.

i n t r O D U c t i O n

Acinic cell carcinoma (AciCC) is a relatively uncommon malignant salivary gland tumor, 
accounting for approximately 6% of salivary gland neoplasms.1,2 Histologically, low-grade 
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AciCC shows characteristic polygonal serous cells containing ba-
sophilic cytoplasmic zymogen granules in various architectural 
patterns.2 However, a definitive diagnosis of AciCC can be more 
challenging in fine-needle aspiration (FNA) cytology, since the 
characteristic features may be less apparent, due to the limited 
specimen, tumor heterogeneity, lack of architecture, and espe-
cially cytomorphologic overlap with other salivary gland entities, 
including nonneoplastic salivary gland acini and other oncocytic 
salivary gland neoplasms, including secretory carcinoma  (SC), 
oncocytoma, and mucoepidermoid carcinoma.3-5 Distinguishing 
AciCC from benign neoplasms, particularly oncocytoma, preoper-
atively could potentially affect surgical management, including ex-
tent of resection, especially if it is closely associated with the facial 
nerve. Additional diagnostic challenges include zymogen granule-
poor AciCC and AciCC with high-grade transformation (HGT), in 
which the characteristic cytomorphologic features may be absent. 
Considering these diagnostic challenges, the recently published 
Milan System for Classification of Salivary Gland Cytology in-
cludes most AciCC variants in the salivary gland neoplasm of un-
certain malignant potential category under the cellular oncocytic/
oncocytoid neoplasm subcategory.4,6

In challenging cases, ancillary tests are essential to render 
a definitive diagnosis of AciCC on limited FNA material.7 With 
immunohistochemistry (IHC), AciCCs are positive for discovered 
on GIST-1 (DOG1) and Sry-related HMG-box gene 10 (SOX10) and 
negative for p63 and S100, which distinguishes these from most 
oncocytoid neoplasms.8 However, SOX10 may be expressed in SC, a 
key entity in the differential diagnosis, although SC typically lacks 
DOG1 staining.9 Furthermore, neither DOG1 nor SOX10 is entirely 
specific, as both can stain benign salivary gland and other salivary 
gland neoplasms.10,11 Finally, using large immunomarker panels 
may deplete the limited cytologic material and may not be cost-ef-
fective for laboratories with limited resources. Thus, there is a need 
for sensitive and specific markers to classify the tumor preopera-
tively as malignant as well as to separate AciCC from its mimickers 
on limited material, particularly benign and nonneoplastic mimics, 
which may affect surgical management.

Two recent studies from Haller et  al12,13 showed that AciCC 
harbors a unique t(4;9)(q13;q31) rearrangement, placing active 
chromatin domains of the 4q13 secretory calcium-binding phos-
phoprotein cluster upstream of the nuclear receptor subfamily 4 
group A member 3 (NR4A3) transcription factor gene in 9q31. The 
net effect of this genetic mechanism, termed enhancer hijacking, 
is overexpression of the NR4A3 gene and activation of downstream 
genes involved in cellular metabolism and proliferation (Haller 
et al12). Importantly, the authors demonstrated that the rearrange-
ment was absent in all other key oncocytic neoplasms. Furthermore, 
NR4A3 IHC was more than 95% sensitive and specific for AciCC in 
surgical resections (SRs).13 However, data on NR4A3 IHC in cytology 
specimens are limited. Two small studies have shown NR4A3 IHC 
to be effective on FNA CB with superior performance to DOG1 and 
fluorescence in situ hybridization for the t(4;9) rearrangement.14,15 
However, neither study explored the use of NR4A3 immunostaining 
on direct smear preparations. In the largest cytologic series to date, 
we investigated the performance of NR4A3 IHC in cytology cell 
blocks (CBs) and SRs. We further expand the potential applicability 
of this marker to direct smears of a case of AciCC.

m a t e r i a l S  a n D   m e t H O D S

Study Cohort
This study was approved by the institutional review boards of 
all the participating institutions. The multi-institutional cohort 
comprised formalin-fixed FNA CBs (n = 56) and SRs (n = 79). Tu-
mors consisted of conventional AciCC (n  =  29 patients, 20 CBs 
and 9 SRs), AciCC with HGT (n  =  3, 3 SRs), SC (n  =  10 patients, 
7 SRs and 3 CBs), mucoepidermoid carcinoma (MEC; n  =  16 pa-
tients, 15 SRs and 6 CBs), Warthin tumor (WT; n = 43 patients, 31 
SRs and 19 CBs), pleomorphic adenoma (PA; n = 6 patients, 6 SRs 
and 2 CBs), cellular PA (n  =  1 patient, 1 SR and 1 CB), carcinoma 
ex-PA (n = 2 patients, 2 SRs), oncocytic carcinoma (n = 1 patient, 1 
SR), oncocytoma (n = 19 patients, 18 SRs and 5 CBs), and nodular 
oncocytosis (n = 5 patients, 5 SRs) diagnosed at seven institutions. 

TABLE 1 Clinicopathologic Characteristics for Acinic Cell Carcinoma and Non–Acinic Cell Carcinomas (n = 135)

Tumor Type Females and Males, No. (%)
Age, Median 
(Range), y

Location, No. (%)

Parotid Submandibular Others

Acinic cell carcinoma (n = 29) 20 (62.1) females and 9 (37.9) males 63 (12-82) 25 (86.2) 1 (3.4) 3 (10.4)

Acinic cell carcinoma with high-grade transformation (n = 3) 1 (33.3) female and 2 (66.7) males 82 (68-82) 3 (100) 0 0

Warthin tumor (n = 43) 17 (39.5) females and 26 (60.5) males 64 (49-95) 40 (93) 0 3 (7)

Mucoepidermoid carcinoma (n = 16) 11 (68.7) females and 5 (31.3) males 48 (13-88) 12 (75) 2 (12.5) 2 (12.5)

Secretory carcinoma (n = 10) 4 (40) females and 6 (60) males 50 (30-86) 6 (60) 1 (10) 3 (30)

Pleomorphic adenoma (n = 6) 2 (33.3) females and 4 (66.7) males 69.5 (30-75) 5 (83.3) 1 (16.7) 0

Carcinoma ex-pleomorphic adenoma (n = 2) 2 (100) females 76 (69-83) 2 (100) 0 0

Cellular pleomorphic adenoma (n = 1) 1 (100) male 71 (71) 1 (100) 0 0

Oncocytic carcinoma (n = 1) 1 (100) male 64 (64) 1 (100) 0 0

Oncocytoma (n = 19) 11 (57.9) females and 8 (42.1) males 64 (41-89) 14 (73.6) 4 (21.1) 1 (5.3)

Nodular oncocytosis (n = 5) 1 (20) female and 4 (80) males 82 (45-84) 3 (60) 0 2 (40)



© american society for clinical pathology100 Am J Clin Pathol 2022;157:98-108
https://doi.org/10.1093/ajcp/aqab099

         |   O r i g i n a l  a r t i c l e

Matched specimens were available for 19 patients: 4 patients with 
oncocytoma, 2 patients with PA, 1 patient with cellular PA, 5 pa-
tients with MEC, and 7 patients with WT. Cases were selected 
after review of the H&E-stained CB and SR slides by at least two 
independent pathologists (T.S. and K.V.) using the current World 
Health Organization diagnostic criteria.

NR4A3 Immunostaining
IHC was performed using NR4A3 antibodies (1:100, NOR-1 anti-
body, clone H-7, Santa Cruz Biotechnology; 1:100, NR4A3 mouse 
monoclonal antibody, clone OTI2B11, Origene Technologies) on 
paraffin-embedded tissue sections from CBs and SRs on a Leica 
Bond system using the modified protocol F provided by the 
manufacturer. The section was pretreated using heat-mediated 
antigen retrieval with Tris-EDTA buffer (pH 9, epitope retrieval 

solution 2)  for 20 minutes and incubated with the antibodies 
for 15 minutes at room temperature. NR4A3 was detected using 
a horseradish peroxidase-conjugated compact polymer sys-
tem and 3,3’-diaminobenzidine as the chromogen. Each section 
was counterstained with hematoxylin and mounted with Leica 
Micromount. NR4A3 IHC was considered positive when nuclear 
immunostaining was present in more than 5% of tumor cells with 
any intensity. For immunocytochemistry, smears from one case 
of AciCC were fixed in 95% ethanol until use. Subsequently, slides 
were treated in a stepwise manner to first dehydrate and rehy-
drate the smear as follows: 70% alcohol, 100% alcohol, xylene for 
1 minute, 100% alcohol for 1 minute, 95% ethanol for 1 minute, 
70% ethanol for 1 minute, and phosphate-buffered saline for 1 
minute. The rehydrated smears were then subjected to NR4A3 
immunostaining as described above. An SR of an AciCC was used 

FIGURE 1 Nuclear receptor subfamily 4 group A member 3 (NR4A3) immunohistochemistry in acinic cell carcinoma and secretory carcinoma in cytology 
specimens (×100). Cell block preparations from fine-needle aspirates from acinic cell carcinoma (A, B) and secretory carcinoma (C, D), a key entity on 
the differential diagnosis, were stained with H&E or immunostained with NR4A3. Nuclear NR4A3 was seen only in acinic cell carcinoma cases but not in 
secretory carcinoma cases.
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solution 2)  for 20 minutes and incubated with the antibodies 
for 15 minutes at room temperature. NR4A3 was detected using 
a horseradish peroxidase-conjugated compact polymer sys-
tem and 3,3’-diaminobenzidine as the chromogen. Each section 
was counterstained with hematoxylin and mounted with Leica 
Micromount. NR4A3 IHC was considered positive when nuclear 
immunostaining was present in more than 5% of tumor cells with 
any intensity. For immunocytochemistry, smears from one case 
of AciCC were fixed in 95% ethanol until use. Subsequently, slides 
were treated in a stepwise manner to first dehydrate and rehy-
drate the smear as follows: 70% alcohol, 100% alcohol, xylene for 
1 minute, 100% alcohol for 1 minute, 95% ethanol for 1 minute, 
70% ethanol for 1 minute, and phosphate-buffered saline for 1 
minute. The rehydrated smears were then subjected to NR4A3 
immunostaining as described above. An SR of an AciCC was used 

FIGURE 2 Nuclear receptor subfamily 4 group A member 3 (NR4A3) immunohistochemistry in other primary oncocytic salivary gland neoplasms in cytology 
specimens (×100). Cell block preparations from fine-needle aspirates from oncocytoma (A, B), low-grade mucoepidermoid carcinoma (C, D), and Warthin 
tumor (E, F) were stained with H&E or immunostained with NR4A3. Nuclear NR4A3 was not identifiable in any of these oncocytic/oncocyotid salivary gland 
neoplasms. Nonspecific cytoplasmic granular NR4A3 staining was seen in the case of low-grade mucoepidermoid carcinoma. 
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for the initial optimization of NR4A3 staining and subsequently 
used as a positive control. All AciCCs (including cases of HGT) and 
SCs were stained with both the Origene and Santa Cruz clones. 
The remaining non-AciCC and non-SC cases (WT, MEC, PA, cellu-
lar PA, carcinoma ex-PA, oncocytoma, oncocytic carcinoma) were 
stained with the Origene clone only.

r e S U l t S

Among AciCCs (including with HGT, n  =  32 total), 87.5% 
(n  =  28) were primary in the parotid gland, 3.1% (n  =  1) were 
primary in the submandibular gland, and the remainder were 
either primary in minor salivary glands or metastatic to extra–
salivary gland sites (eg, pleura). The median age of the patients 
was 63  years (range, 12-82  years) with a male-to-female ratio 
of 0.45:1 for cases without HGT (n  =  29) and 82  years (range, 
68-82  years) with a male-to-female ratio of 2:1 for cases with 
HGT (n = 3)  TABLE 1 .

Among CBs, 90% (18/20) and 85% (17/20) of AciCCs showed 
strong NR4A3 staining with the Origene and Santa Cruz anti-
body clones, respectively. The concordance rate between the 
two antibody clones for CBs was 95% (19/20 concordant), with 
one CB that was negative with the Santa Cruz clone but posi-
tive with the Origene clone. Overall, with either antibody clone, 
90% of AciCCs (18/20) were positive for NR4A3. On the other 
hand, NR4A3 staining was negative or demonstrated cytoplas-
mic granular staining in all other neoplasms tested  FIGURE 1  
and  FIGURE 2 . In CBs, nuclear NR4A3 staining showed 90% sen-
sitivity and 100% specificity for AciCC. Immunocytochemistry on 
alcohol-fixed slides from one AciCC case showed strong nuclear 
NR4A3 staining  FIGURE 3 .

In SRs, 89% of AciCCs (8/9) showed strong diffuse NR4A3 
staining when using the NR4A3 Origene antibody clone  FIGURE 4  
and  FIGURE 5 . All three cases of AciCC with HGT were positive with 
the NR4A3 Santa Cruz antibody clone  FIGURE 6 . The single Origene-
negative case of AciCC  FIGURE 7A  and  FIGURE 7B  stained positive 
with the Santa Cruz antibody clone. Overall, with either antibody 
clone, nuclear NR4A3 was seen in 100% of AciCCs, including the three 
cases with HGT (12/12; Figures 4 and 6). Among the non-AciCC SRs 
(n = 86), only one high-grade MEC (1/86, 1.2%) showed focal NR4A3 
staining in 5% to 10% of the tumor cells  FIGURE 7C  and  FIGURE 7D . 
This was also the only case that demonstrated discordance among 
the 19 matched non-AciCC cases (18/19) for a concordance rate of 
94.7% between CBs and SRs. Finally, NR4A3 expression was not 
identifiable in normal salivary gland tissue when present (data not 
shown). Thus, in SRs, NR4A3 showed a 100% sensitivity and 98.8% 
specificity for AciCC in SRs.

Overall, nuclear NR4A3 showed a 90% to 100% sensitivity 
and 98.8% to 100% specificity for AciCC in CBs and SRs. The pos-
itive predictive value (PPV) and negative predictive value (NPV) 
of NR4A3 IHC for salivary AciCC were calculated to be 100% 
and 94.7% on CBs and 92.3% PPV and 100% NPV on SRs, respec-
tively  TABLE 2 .

D i S c U S S i O n

The distinction of AciCC from other salivary gland neoplasms, espe-
cially those with oncocytic or oncocytoid features, can be difficult. 
While the characteristic histologic features may be more defini-
tive on SRs, diagnosing AciCC in cytology aspirates may present a 
greater challenge.3 Moreover, canonical markers, including DOG1 
and SOX10, are not entirely sensitive or specific for AciCC, although 
they are certainly quite useful adjuvant markers.8-11 These markers 
may also stain normal salivary tissue. Distinguishing AciCC from 
nonneoplastic and neoplastic mimickers can affect patient man-
agement; hence, it is important to have sensitive and specific IHC 
markers that can assist in this separation. Since the discovery of the 
t(4;9) translocation in AciCC in 2019, NR4A3 represents one such 
potential immunohistochemical marker.12,13

Only two other studies have explored the expression of 
NR4A3 in AciCC and non-AciCC cytology specimens.14,15 Nguyen 
et  al15 assessed 11 AciCCs and 59 non-AciCCs in CBs and corre-
sponding SRs. In their study, NR4A3 IHC showed a 100% sen-
sitivity for AciCC. Skaugen et  al14 showed that NR4A3 IHC had 
an 82% sensitivity in their cohort of 11 AciCC CBs. Similarly, our 
CB cohort of AciCCs showed a 90% sensitivity with NR4A3 IHC. 
All three studies (including ours) showed a 100% specificity of 
NR4A3 for AciCC. Overall, the sensitivity and specificity of NR4A3 
IHC for AciCC were high in cytologic specimens. By comparison, 
DOG1, which has become the go-to marker for AciCC diagnosis, 
had a lower sensitivity, ranging from 73% to 82%, and a specific-
ity ranging from 48% to 92% on cytology specimens, depending 
on the extent of membranous staining.14 Another important 
point is that in all studies, including ours, NR4A3 IHC expression 
was not seen in normal salivary gland acini (data not shown). 

FIGURE 3 Nuclear receptor subfamily 4 group A member 3 (NR4A3) 
immunocytochemistry on ethanol-fixed cytologic smear preparations of 
acinic cell carcinoma (×400).
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A known potential pitfall for DOG1 and SOX10 is variable staining 
of normal salivary gland intercalated duct and acinar elements, 
respectively, that could lead to a false-positive interpretation, 
especially in cellular acinar cell–rich specimens.9,10,16-18 The com-
bination of NR4A3 with additional IHC markers, including DOG1, 
in enhancing sensitivity and specificity for CBs and SRs has been 
proposed. Skaugen et  al14 were unable to find any enhance-
ment of NR4A3 performance characteristics with the addition 
of DOG1 IHC in cytologic specimens. In contrast, Cheng et  al 19 
reported improvement of NR4A3 performance to a sensitivity 
of 100% using the same combination in SRs. Thus, additional 
studies are needed to clarify the utility of NR4A3 IHC with other 
immunomarkers. Nonetheless, in all of these studies, NR4A3 per-
formed well with high sensitivity and specificity for AciCC on 
cytology specimens.

In our study, the concordance rate between the two NR4A3 an-
tibody clones was 95% on the CB preparations, with the Origene 
clone performing slightly better than the Santa Cruz clone. How-
ever, we noted that the Origene clone had a higher background 
signal compared with the Santa Cruz clone that was also previously 
noted in Haller et  al.13 Thus, these factors should be considered 
when selecting an antibody clone for use in clinical practice.

A unique aspect of our study compared with Nguyen et al15 and 
Skaugen et  al14 is that our cytologic cohort is the largest to date. 
Furthermore, to our knowledge, we are the first to demonstrate the 
application of NR4A3 immunocytochemistry on direct smear pre-
parations of a case of AciCC. At times, the CBs can be quite limited, 
with diagnostic material primarily present on direct smears. In ad-
dition, using this approach enables preservation of the CB material 
should molecular testing be necessary. While we performed testing 

FIGURE 4 Nuclear receptor subfamily 4 group A member 3 (NR4A3) immunohistochemistry in acinic cell carcinoma and secretory carcinoma in surgical 
resections (×100). Representative sections from surgical resection specimens of acinic cell carcinoma (A, B) and secretory carcinoma (C, D) were stained 
with H&E or immunostained with NR4A3. Similar to cytologic preparations, nuclear NR4A3 was seen only in acinic cell carcinoma but not in secretory 
carcinoma. 
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FIGURE 5 Nuclear receptor subfamily 4 group A member 3 (NR4A3) immunohistochemistry in other primary oncocytic salivary gland neoplasms in 
surgical resections (×100). Representative sections from surgical resection specimens of oncocytoma (A, B), oncocytic mucoepidermoid carcinoma (C, D), 
and Warthin tumor (E, F) were stained with H&E or immunostained with NR4A3. Similar to cytologic preparations, nuclear NR4A3 was not seen in other 
oncocytic salivary gland neoplasms, a few of which showed nonspecific granular cytoplasmic staining. 
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on smears from only a single case of AciCC, the nuclear NR4A3 
staining was robust; thus, our work further expands the potential 
utility of NR4A3 immunostaining to direct smears, which can be 
explored on a larger cohort in future studies.

For our surgical cohort, NR4A3 IHC showed a 100% sen-
sitivity when accounting for the positive staining with either 
antibody clone. However, the imperfect sensitivity was noted 
in other studies with NR4A3 IHC on SRs, ranging from 92% to 
97%.13,20 By comparison to these studies, the sample size for our 
AciCC SR cohort was smaller and possibly skewed the relative 
sensitivity of the NR4A3 IHC on SRs. In addition, NR4A3 anti-
body clone-specific differences were seen: one AciCC SR that 
was negative for NR4A3 with the Origene clone was positive for 
the Santa Cruz clone.

However, other potential considerations may explain differences in 
NR4A3 immunostaining in these studies. First, institution-specific tissue 
fixation or antigen retrieval protocols might contribute to the differences 
in NR4A3 detection. Thus, the optimal threshold for considering a tumor 
NR4A3 positive will likely vary based on institution-dependent staining 
protocols and the experience level of the reviewing pathologist. Sec-
ond, alternate NR4A family members (NR4A2 and NR4A1), which share 
similar downstream targets, may be involved in AciCC tumorigenesis. 
A  recent communication from Haller et  al21 demonstrated that NR4A2 
was overexpressed in their only NR4A3-negative case of AciCC. Second, 
in Nguyen et al,15 one case of AciCC with HGT that had recurred and was 
treated with radiation demonstrated variable NR4A3 expression; the im-
pact of treatment effect on NR4A3 expression in this case is not known 
and will need further study, including genetic analysis. Despite these 

FIGURE 6 Nuclear receptor subfamily 4 group A member 3 (NR4A3) expression is retained in acinic cell carcinoma with high-grade transformation. 
Representative sections from two different resections of acinic cell carcinoma with high-grade transformation (A-D) were stained with H&E or 
immunostained with NR4A3 (×200).
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challenges, NR4A3 IHC remains a useful marker in limited specimens 
due to its high PPV and NPV in both CBs and SRs. In addition, NR4A3 IHC 
has been shown to be far more sensitive for AciCC compared with fluo-
rescence in situ hybridization, due to either the heterogeneous nature of 
the genomic breakpoints, which all may not be covered by the standard 
probes, or alternate rearrangements such as the HTN3-MSANTD3.12,13,22,23

Unlike the cytology specimens, NR4A3 IHC was not entirely spe-
cific for AciCC on SRs, with one high-grade MEC demonstrating focal 
weak to moderate staining  FIGURE 5 . The mechanism underlying the 
upregulation of NR4A3 in this case is unclear. Nonetheless, by com-
parison, our AciCC cohort demonstrated extensive to diffuse NR4A3 
staining. Wong et  al20 identified two cases of polymorphous adeno-
carcinoma and one case of a pleomorphic adenoma that showed focal, 
weak to moderate NR4A3 staining. However, both pleomorphic ade-
noma and polymorphous adenocarcinoma are morphologically dis-
tinct from AciCC and should not pose a diagnostic dilemma. Also, none 

of the other non-AciCC oncocytic neoplasms that share morphologic 
overlap with AciCC demonstrated any NR4A3 expression. Thus, in that 
context, NR4A3 IHC appears to be very specific for AciCC in the context 
of lesions with morphologic overlap and can be used with other ancil-
lary immunohistochemical markers, such as DOG1 and SOX10, toward 
a definite diagnosis of AciCC.

Diagnosing HGT in AciCC on limited material, especially 
without a low-grade component, can be challenging given 
the extensive morphologic overlap with other high-grade sal-
ivary gland malignancies, such as salivary duct carcinoma, 
and the variable expression of IHC markers such as for DOG1 
and SOX10.1,24 In our study, all three cases of AciCC with HGT 
showed strong NR4A3 expression  FIGURE 4 . Between the cy-
tology and histology studies by Haller et  al,13 Wong et  al,20 
Skaugen et  al,14 and Nguyen et  al,15 a total of 19 AciCCs with 
HGT were assessed with NR4A3 IHC. In all HGT cases, NR4A3 

FIGURE 7 Examples of false-positive and a single negative case of nuclear receptor subfamily 4 group A member 3 (NR4A3) immunohistochemistry. 
Representative examples of a low-grade acinic cell carcinoma surgical resection negative with the Origene NR4A3 antibody clone (A, B; ×40) and a false-
positive high-grade mucoepidermoid carcinoma (C, D; ×100). 
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expression was present. Thus, NR4A3 can prove helpful in con-
firming the diagnosis of AciCC with HGT, especially in limited 
samples of a high-grade, nonspecific carcinoma.

Although our data demonstrate the value of NR4A3 in 
diagnosing AciCC, a few limitations include the small overall 
sample size of the AciCC cohort and lack of matched CBs and SRs 
for our AciCC. The lack of matched CBs and SRs was partly due to 
insufficient or absent diagnostic material on the concurrent CB 
or unavailable CB material in some cases. This is similar to other 
recently published studies and reflects the lower prevalence of 
these neoplasms.14,15

In summary, in the largest cytologic cohort to date, we dem-
onstrate that NR4A3 is a promising, highly sensitive and specific 
immunomarker to distinguish AciCC from nonneoplastic and ne-
oplastic salivary gland entities. Moreover, even AciCCs with HGT 
retain NR4A3 expression. NR4A3 immunostaining can also be 
potentially applied to cytologic smear preparations as a useful al-
ternative for ancillary testing in the event that there is insufficient 
diagnostic CB material.
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