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ABSTRACT

Objectives: Pancreatic acinar cell carcinoma (ACC) is a
rare tumor that frequently metastasizes to the liver and may
present a diagnostic challenge due to its morphologic simi-
larity to hepatocellular carcinoma. We investigated o-feto-
protein (AFP), hepatocyte paraffin antigen 1 (HepPar 1),
glypican 3, arginase 1, and albumin messenger RNA
(mRNA) in situ hybridization (ISH) in pancreatic neoplasms
with ACC differentiation to assess their diagnostic value.

Methods: AFP, HepPar 1, glypican 3, and arginase 1 immu-
nohistochemical staining was performed on 28 ACCs using
a tissue microarray. Albumin mRNA ISH was performed on
full-faced sections.

Results: Fifteen tumors were positive for at least one
marker. Glypican 3 was positive in seven of 28, AFP in five
28, and albumin mRNA ISH in five of 20. None expressed
arginase 1.

Conclusions: Hepatocellular differentiation markers,
including albumin mRNA ISH, may be positive in ACC, but
arginase 1 appears to be uniformly negative. Thus, its use
may improve the accuracy in distinguishing these neoplasms
from hepatocellular carcinoma. If ACC diagnosis is con-
sidered, acinar differentiation can be reliably demonstrated
by trypsin/chymotrypsin.

© American Society for Clinical Pathology, 2016. All rights reserved.
For permissions, please e-mail: journals.permissions@oup.com

Pancreatic acinar cell carcinoma (ACC) frequently me-
tastasizes to the liver and may mimic hepatocellular carcin-
oma (HCC) architecturally and cytologically Blmage 1AM
Both tumors are characterized by high cellularity, solid
nests, acini or trabecular formations, granular cytoplasm,
and prominent single nucleoli Kimage 1BL." Nonetheless,
ACC is a rare neoplasm, and without a broad index of suspi-
cion and understanding of the staining pattern that ACC
may display using markers more commonly used for the dif-
ferential diagnosis of HCC vs cholangiocarcinoma, this
diagnostic possibility may not be considered.

Commonly used immunohistochemical markers that
can support a diagnosis of HCC include a-fetoprotein
(AFP), polyclonal carcinoembryonic antigen (pCEA),
CDI10, hepatocyte paraffin antigen 1 (HepPar 1), and
glypican 3.2 However, the utility of each of these markers
is limited by suboptimal sensitivity or difficulty in interpret-
ation.*'? For example, AFP suffers from low sensitivity
(30%-50%) and frequent focal staining, limiting its utility in
biopsy samples.® pCEA and CD10 also suffer from low sen-
sitivity (25%-50%) in poorly differentiated HCCs, where
the distinction between HCC and other carcinomas is most
difficult,”'® HepPar 1 also has relatively low sensitivity in
poorly differentiated HCCs®'*'? and can exhibit strong
cytoplasmic staining in gastric, esophageal, and pulmonary
adenocarcinomas.®'"'? Glypican 3 is more frequently ex-
pressed in poorly differentiated HCCs compared with well-
differentiated HCCs."*%° Thus, initially it was regarded as a
superior marker in distinguishing poorly differentiated
HCCs from metastasis.”'?° However, subsequent studies
have shown that gynecologic carcinomas,”’*® pulmonary
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IImage 101 A, Pancreatic acinar cell carcinoma closely mimics hepatocellular carcinoma architecturally and cytologically (H&E,
%x100). B, Both pancreatic acinar cell carcinomas and hepatocellular carcinomas are characterized by high cellularity, solid
nests, acini or trabecular formations, granular cytoplasm, and prominent single nucleoli (H&E, x400).

squamous cell carcinomas,”” and even germ cell tumors®*
and malignant melanoma® can label with glypican 3.
Recently, it has also been reported to be expressed by more
than 50% of ACCs.*

In contrast, arginase 1 is expressed in normal human
liver with a high degree of specificity’' and reported to be a
more sensitive (81%) marker for HCC than HepPar 1 or
glypican 3.>* Although arginase 1 can also be identified in
adenocarcinomas, particularly of pancreatic origin,* to our
knowledge, it has not been studied in ACCs.

Branched-chain albumin in situ hybridization (ISH) also
offers a robust means of detecting a tumor of liver origin,
including HCCs and intrahepatic cholangiocarcinomas, and
has been advocated to be particularly valuable when distin-
guishing metastatic carcinomas from hepatic primaries.>>>°
However, positivity of albumin ISH in normal exocrine pan-
creatic parenchyma and ACCs has recently been noted.*>~*

Understanding the extent to which markers of hepatocel-
lular differentiation may label ACC is key for distinguishing
these neoplasms. In this study, we evaluated the staining pat-
terns of AFP, HepPar 1, glypican 3, arginase 1, and albumin
ISH in a large series of pancreatic ACCs and related acinar
cell neoplasms in an attempt to unveil potential pitfalls in
separating HCC and these pancreatic primaries.

Materials and Methods

With approval of the Institutional Review Board, we
identified 28 tumors (27 primary pancreatic tumors and one
metastatic pancreatic ACC to the liver) with acinar
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differentiation from the archives of the Memorial Sloan
Kettering Cancer Center and Emory University Hospital
comprising 11 pure ACCs, 11 mixed acinar neuroendocrine
carcinomas (MANECS), four mixed acinar ductal carcinomas
(MADCs), and two mixed acinar, neuroendocrine, and ductal
carcinomas (MANEDCs). Acinar and neuroendocrine differ-
entiation was supported by previously performed immunohis-
tochemical staining for trypsin and/or chymotrypsin and
chromogranin and/or synaptophysin, respectively. Mixed aci-
nar neoplasms defined using World Health
Organization 2010 criteria.>>” A tissue microarray (TMA) of
formalin-fixed, paraffin-embedded tumors was created using
three 0.6-mm-diameter punches per tumor. For mixed acinar
neoplasms, if there were distinct populations of tumor cells,
only the acinar component was used for TMA construction.
However, for most mixed neoplasms, especially for
MANEC:s, there was a morphologically homogeneous popu-
lation of tumor cells (see Results section). For these, a repre-
sentative tumor area was used for TMA construction.

were

Immunohistochemistry

TMA sections were immunolabeled using the standard
avidin-biotin peroxidase method, with antibodies against
AFP (Dako, Carpinteria, CA), HepPar 1 (Dako), glypican 3
(Santa Cruz Biotechnology, Dallas, TX), and arginase 1
(Cell Marque, Rocklin, CA). If any staining was seen, the
antibody was repeated on a representative full-faced section
of the corresponding tumor.

AFP displayed a cytoplasmic staining pattern; HepPar 1,
cytoplasmic granular; glypican 3, cytoplasmic and/or mem-
branous; and arginase 1, cytoplasmic and nuclear. The

© American Saciety for Clinical Pathology
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percentage of cell labeling was scored as follows: 1, labeling
was observed in less than 5%; 2, 5% to 50%; and 3, more
than 50%. Score 1 was regarded as negative; scores 2 and 3
were regarded as positive (patchy and diffuse, respectively).

Albumin Messenger RNA ISH

ISH was performed using automated ViewRNA plat-
form (Affymetrix, Santa Clara, CA). This technology uses
a branched DNA structure for signal amplification to en-
able detection of messenger RNA (mRNA) in formalin-
fixed, paraffin-embedded tissue. Automated ISH assays for
albumin mRNA were performed using the View-RNA eZ
Detection Kit (Affymetrix) on the Bond RX immunohisto-
chemistry and ISH Staining System with BDZ 6.0 software
(Leica Biosystems, Buffalo Grove, IL). Paraffin-embedded
full-faced (whole) tissue sections were processed automat-
ically from deparaffinization, through ISH staining to
hematoxylin counterstaining; sections were coverslipped
off-instrument. Briefly, 5-um-thick sections of formalin-
fixed tissue were baked for 1hour at 60°C and placed on
the Bond RX for processing. The Bond RX user-selectable
settings were as follows: ViewRNA 1 protocol; ViewRNA
Dewaxl; View-RNA HIER 10minutes, ER1 (95);
ViewRNA Enzymel (20); and ViewRNA Probe
Hybridization. With these settings, the RNA unmasking
conditions for the liver tissue consisted of a 10-minute in-
cubation at 95°C in Bond Epitope Retrieval Solution 1
(Leica Biosystems), followed by a 20-minute incubation
with Proteinase K from the Bond Enzyme Pretreatment Kit
at 1:1,000 dilution (Leica Biosystems). Postrun, slides
were rinsed with water, air dried for 30 minutes at room
temperature, dipped in xylene, and mounted using Histo-
Mount solution (Life Technologies, Grand Island, NY).
Normal liver served as a positive control substance.**=**

Cytoplasmic dot-like reactivity in more than 5% of
tumor cells was regarded as positive. However, if the cyto-
plasmic dot-like reactivity in the tumor cells was weaker
than or equal to that of background, it was interpreted as
negative. Nuclear reactivity, a known artifact, was also in-
terpreted as negative.

ITable 11
Expression of Hepatocellular Differentiation Markers in ACCs
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Results

Histology

The TMA comprised 11 (39%) pure ACCs and 17
(61%) mixed acinar neoplasms. MANECs exhibited two
histologic patterns. In the first group (n=9), there was a
morphologically homogeneous population of cells, and the
divergent differentiation was detected by only immunohis-
tochemical labeling. In the second group (n = 2), there were
two distinct populations of neoplastic cells, with acinar and
neuroendocrine features, respectively. These distinct popu-
lations showed immunophenotypic patterns corresponding
to the morphology. Similarly, tumors with combined acinar
and ductal differentiation (MADCs/MANEDCs) either ex-
hibited morphologically distinct zones of ductal differenti-
ation (n = 2) or an intimate admixture (n =4).

Of note, of 26 cases with available information, 14
(54%; seven pure, seven mixed) had distant metastasis: 10
(34%) in the liver, two (8%) in soft tissue, one (4%) in the
lung, and one (4%) in bone.

Hepatocellular Differentiation Markers

Thirteen tumors (six pure ACCs, four MANECs, two
MANEDCs, and one MADC) did not express any of the
markers performed. However, 15 (53%) tumors (five pure
ACCs, seven MANECs, and three MADCs) were positive
for at least one marker, and one (MANEC) of these tumors
was positive for four markers (glypican 3, AFP, HepPar 1,
and albumin ISH). The results of immunohistochemistry
and albumin mRNA ISH are displayed in BTable 11.

Immunohistochemistry

Seven (25%) tumors were immunoreactive for glypican 3
Elmage 20 three with diffuse staining (one pure ACC, two
MANECs) and four with patchy staining (one pure ACC,
two MANECs, one MADC). AFP stained five (18%) cases
Ilmage 3K two with diffuse staining (one MANEC, one
MADC) and three with patchy staining (two pure ACCs, one
MANEC). HepPar 1 stained only one MANEC (IImage 401,
patchy), which was also positive for glypican 3, AFP, and

Staining Pattern, No.

Marker Pure ACC MANEC MADC MANEDC Total No. of Cases
Arginase 1 0 0 0 0 0
Glypican 3 2 (1 patchy, 1 diffuse) 4 (2 patchy, 2 diffuse) 0 0 6
AFP 2 (patchy) 2 (1 patchy, 1 diffuse) 1 (diffuse) 0 5
HepPar 1 0 1 (patchy) 0 0 1
Albumin ISH 1 3 1 0 5

ACC, acinar cell carcinoma; AFP, a-fetoprotein; HepPar 1, hepatocyte paraffin antigen 1; ISH, in situ hybridization; MADC, mixed acinar ductal carcinoma; MANEC, mixed
acinar neuroendocrine carcinoma; MANEDC, mixed acinar, neuroendocrine, and ductal carcinoma.
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EImage 30 Expression of a-fetoprotein was identified in five
acinar cell carcinomas (x400).

EImage 40 Only one of the tested acinar cell carcinomas ex-
pressed patchy hepatocyte paraffin antigen 1 (x400).

albumin ISH. None of the ACCs demonstrated arginase 1
immunolabeling Ilmage 51.

Of note, there was no difference between the staining
patterns of TMA and full-faced sections or pure ACCs and
mixed acinar neoplasms.

Albumin mRNA ISH

Albumin mRNA ISH, performed on 20 ACCs (six pure
ACCs, 14 mixed acinar neoplasms; see Table 1), was posi-
tive in five (25%) cases: three with diffuse staining (one
pure, two mixed) and two with patchy staining (both mixed)
IImage 6Al. All but one albumin mRNA ISH positive mixed
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EImage 50 Arginase was uniformly negative in acinar cell car-
cinomas (x400).

acinar neoplasms were MANEC of homogeneous histology.
The exception was an MADC with albumin mRNA ISH re-
activity exclusively in the acinar component. Albumin ex-
pression was present in both acinar and solid growth pattern
areas of ACCs in our series.

Only one case that was positive for albumin mRNA
ISH also showed diffuse glypican 3, diffuse AFP, and
patchy HepPAR 1 labeling.

Of note, normal pancreatic acinar cells were also vari-
ably positive for albumin mRNA ISH, but the signal inten-
sity in these cells was less than that seen in tumor cells
IImage 6BI.

© American Saciety for Clinical Pathology
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EImage 60 A, Tumor cells were diffusely positive for albumin messenger RNA (mRNA) in situ hybridization (ISH). B, Normal pan-
creatic acini were variably positive for albumin mRNA ISH, but the signal intensity in these cells was less than that seen in
tumor cells.

Discussion

Pancreatic ACC is a rare neoplasm that may be over-
looked in the differential diagnosis with HCC. Our study
shows that 53% of ACCs and related acinar neoplasms may
have patchy or diffuse staining for markers commonly used
to interrogate for hepatocellular differentiation, including
AFP, HepPar 1, glypican 3, and albumin mRNA (by ISH),
creating a potential diagnostic pitfall.

We found that arginase 1 is uniformly negative in
ACCs and related acinar neoplasms, highlighting the utility
of this stain in this context. Arginase exists in two iso-
forms—namely, arginase 1 and arginase 2, both of which
are responsible for the hydrolysis of arginine to ornithine
and urea in the urea cycle. Of the two isoforms, arginase 1
demonstrates high levels of expression within the liver, spe-
cifically in periportal hepatocytes,*® whereas arginase 2 lev-
els are highest in the kidneys and pancreas and are very low
in the liver.>*” Arginase 1 was introduced as a sensitive and
specific marker for benign and malignant hepatocytes.**’
Subsequent studies have validated its high sensitivity and
specificity, as well as its value in evaluating poorly differen-
tiated HCCs,>32-3%41:42

ACC labeling for albumin mRNA by ISH is also sig-
nificant because this marker is reported to have a high level
of sensitivity (93%-99%) and specificity (close to
100%)'°>* for hepatocellular differentiation or liver origin
due to hepatocellular synthesis of this protein.***** Both
HCCs and peripheral cholangiocarcinomas express this al-
bumin mRNA, but a wide array of extrahepatic adenocar-
cinomas, including pancreatic ductal adenocarcinoma, is

© American Society for Clinical Pathology

negative. However, this marker is positive in normal pancre-
atic acinar cells, and albumin ISH has also been reported to
be positive in gastric adenocarcinomas*>*® and extrahepatic
germ cell tumors with hepatoid features** and in rare cases
of clear cell carcinoma of the ovary.” Recently, expression
of albumin mRNA in pancreatic ACCs was described.
Interestingly, our positivity rate (25%) was about half of
what Terris et al*® reported (46%). Details regarding their
method are unclear, particularly their positive threshold
compared with our series. Also, ACC presents a technical
challenge for performing mRNA ISH because of pancreatic
enzymes. Therefore, we used the pancreatic ducts and
stroma as the judge of background reactivity (ie, if the inten-
sity of cytoplasmic dot-like reactivity in the tumor cells was
weaker than or equal to that of background, we did not re-
gard that reactivity as positive). The age of the blocks could
also significantly affect the results: paraffin-embedded tis-
sue stored for more than 10 years shows significant deterior-
ation in RNA preservation, and given that some ACCs show
a low number of albumin transcripts, the number of ACCs
expressing albumin may be higher than observed in this
study.

Recently, Mounajjed et al*° reported that most (58.5%)
ACCs are glypican 3 positive. Our study corroborates their
findings, albeit with a lower positivity rate (25%). This
might be due to their use of full-faced sections, whereas we
used a TMA section where focal reactivity can be missed.
Our study design more closely recapitulates the expected
findings in biopsy samples, which would be the most com-
mon specimen obtained from a metastatic tumor in the liver.
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The expression of AFP in ACCs (identified in 18% of
our cases) is well documented in the literature and can
also be associated with serum elevations, raising consid-
eration for its use as a tumor marker in those cases.
Pediatric acinar cell neoplasms (ie, pancreatoblastomas)
are even more likely to express AFP than their adult coun-
terparts. Our results further support that immunohisto-
chemistry for AFP plays no role in distinguishing
between ACC and HCC.*® Similarly, HepPar 1 may be
positive in a number of non-HCC tumors, and its low sen-
sitivity and specificity limiting its utility in daily practice
are becoming well known.®'? Surprisingly, of the subset
of ACCs we tested, only 4% revealed patchy HepPar 1
expression.

Of note, acinar differentiation markers chymotrypsin
and trypsin are uniformly negative in HCCs. Recently, we
tested 88 HCCs using a TMA, composed of a balanced mix-
ture of well, moderately, and poorly differentiated ex-
amples, and none of the HCCs labeled with trypsin and
chymotrypsin (unpublished data).

In summary, glypican 3, AFP, HepPar 1, and albumin
mRNA ISH are positive in more than half (53%) of ACCs
and related mixed acinar neoplasms. Therefore, caution
should be exercised when using these markers to explore a
diagnosis of HCC. Tumors lacking arginase 1 expression
should prompt a careful evaluation of the morphologic
and immunophenotypic features to exclude ACC. Acinar
differentiation can be reliably demonstrated by using the
highly sensitive and specific immunohistochemical markers
trypsin and chymotrypsin'~*° if the diagnosis of ACC is
considered.

Corresponding author: Olca Basturk, Memorial Sloan Kettering
Cancer Center, 1275 York Ave, New York, NY 10065,
basturko@mskcc.org.

This study was presented in part at the annual meeting of the
United States and Canadian Academy of Pathology, March 21-27,
2015; Boston, MA.
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