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Abstract

Context—PAMA4 is a monoclonal antibody that shows high specificity for pancreatic ductal
adenocarcinoma (PDAC) and its neoplastic precursor lesions. A PAM4-based serum immunoassay
is able to detect 71% of early-stage patients and 91% with advanced disease. However,
approximately 20% of patients diagnosed with chronic pancreatitis (CP) are also positive for
circulating PAM4 antigen. The specificity of the PAM4 antibody is critical to the interpretation of
the serum-based and immunohistochemical assays for detection of PDAC.

Objective—To determine whether PAM4 can differentiate PDAC from nonneoplastic lesions of
the pancreas.

Design—Tissue microarrays of PDAC (N = 43) and surgical specimens from CP (N = 32) and
benign cystic lesions (N=19) were evaluated for expression of the PAM4 biomarker, MUC1,
MUC4, CEACAM5/6, and CA19-9.

Results—PAM4 and monoclonal antibodies (MAbs) to MUC1, MUC4, CEACAMD5/6, and
CA19-9 were each reactive with the majority of PDAC cases; however, PAM4 was the only
monoclonal antibody not to react with adjacent, nonneoplastic parenchyma. Although PAM4
labeled 19% (6 of 32) of CP specimens, reactivity was restricted to pancreatic intraepithelial
neoplasia associated with CP; inflamed tissues were negative in all cases. In contrast, MUC1,
MUC4, CEACAMS5/6, and CA19-9 were detected in 90%, 78%, 97%, and 100% of CP,
respectively, with reactivity also present in nonneoplastic inflamed tissue.

Conclusions—PAM4 was the only monoclonal antibody able to differentiate PDAC (and
pancreatic intraepithelial neoplasia precursor lesions) from benign, nonneoplastic tissues of the
pancreas. These results suggest the use of PAM4 for evaluation of tissue specimens, and support
its role as an immunoassay for detection of PDAC.

Reprints: David V. Gold, PhD, Center for Molecular Medicine and Immunology, Garden State Cancer Center, 300 American Rd,
Morris Plains, NJ 07950 (dvgold@gscancer.org).
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Biomarkers for the early detection and diagnosis of cancer are, for the most part, based upon
the identification and quantitation of substances released into a biological fluid, or detectable
within tissue specimens derived from the lesion under investigation. For some types of
cancer, screening for specific biomarkers has enhanced detection at early stages of tumor
growth, when curative procedures may be most effective. However, this has not been the
case for pancreatic ductal adenocarcinoma (PDAC). Because of the low frequency of
PDAC, screening of the general population is not considered economically feasible, and,
further, this type of cancer usually provides no symptoms that might indicate the necessity
for medical attention until it has become advanced with metastases.

Nevertheless, there are several current investigations evaluating means for surveillance of
patient groups considered at high risk for PDAC, for example, individuals with a family
history of PDAC,1-3 patients with chronic pancreatitis (CP),*° and those with new-onset
diabetes who also meet certain other criteria.b:” Most of these studies involve the use of
imaging procedures to detect small pancreatic masses. Canto et al® offered surveillance
using computed tomography and endoscopic ultrasonography to several groups of
individuals considered at high risk for PDAC, including those having had several relatives
diagnosed with PDAC and those with Peutz-Jeghers syndrome. If endoscopic
ultrasonography was abnormal, endoscopic ultrasonography—fine—needle aspiration and
endoscopic retrograde cholangiopancreatography were performed. By use of this protocol, a
significant number of early, potentially curable, neoplastic masses were discovered in
asymptomatic patients.® However, the majority of patients examined presented with
moderate to severe pancreatitis, a potentially confounding environment for accurate
detection and diagnosis by imaging, especially of small neoplastic lesions. Langer et al,®
using an endoscopic ultrasonography/magnetic resonance imaging/magnetic resonance
cholangiopancreatography—based screening program for individuals with family background
of PDAC, were able to detect several individuals with precursor lesions of PDAC; however,
they believed the diagnostic yield of this screening program was low. Even if these imaging
procedures prove useful for screening high-risk populations, if a mass or cystic lesion is
imaged, the physician still has to determine if it is benign or malignant. In either case, fine-
needle aspiration or biopsy has been the method of choice for differential diagnosis, but
evaluation of circulating biomarkers would, if available, provide an easier (noninvasive),
more objective (quantitative), and more cost-effective means for decision making.

Several reports from our group have demonstrated that use of the PAM4 antibody in a
serum-based immunoassay may prove useful for detection of early-stage PDAC with high
specificity.10-14 However, approximately 20% of patients with a diagnosis of CP are
positive for circulating PAM4 antigen.10 This issue is critical to the interpretation of the
serum-based immunoassay, as well as the use of the antibody for immunohistochemical
labeling of aspirates and biopsy materials, because the PAM4-positive CP patients represent
either an approximate 20% false-positive rate or, perhaps, the discovery of occult neoplasia.
The studies reported here support the latter option, and that PAM4 is a useful discriminator
for PDAC and its precursor lesions.
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MATERIALS AND METHODS

Tissue Specimens

Tissue microarrays of PDAC were created from formalin-fixed, paraffin-embedded tumor
specimens from 43 patients who underwent pancreatectomy for PDAC. Two 1-mm cores of
PDAC were collected from each case. In addition, for 14 of these cases, adjacent,
nonneoplastic pancreatic tissue was also collected. Formalin-fixed, paraffin-embedded
surgical specimens were obtained from patients with CP (N=32, with etiologies that
included obstruction [13], alcohol [9], autoimmune [2], pancreas divisum [2], groove [2],
and unknown [4]), and benign, nonmucinous cystic lesions of the pancreas (N = 19) who
underwent pancreatectomy. This Health Insurance Portability and Accountability Act-
compliant study was approved by the Vanderbilt University Institutional Review Board.

Immunohistochemical Labeling

Immunohistochemistry was performed as described previously.1? Unstained sections were
deparaffinized by routine methods. The tissue sections and microarrays were then heated to
95°C for 20 minutes in a pH 9.0 citrate buffer, Target Retrieval Solution (Dako, Carpinteria,
California), allowed to cool to room temperature, and then quenched with 3% H,0 in
methanol for 15 minutes at room temperature. Primary antibodies PAM413 (Immunomedics,
Inc, Morris Plains, New Jersey), MA515 (anti-MUC1; Immunomedics), 8G716 (anti-MUC4;
Santa Cruz Biotechnology, Santa Cruz, California), MN-15 (reactive with an epitope shared
by CEACAMS and CEACAMSG6; Immunomedics), CA19-9 (Santa Cruz Biotechnology), and
nonbinding, isotype matched control Ag8 (purified in our laboratory from the P3X63-Ag8
murine myeloma cell line, American Type Culture Collection, Manassas, Virginia) were
then used at 10 ug/mL with an ABC Vectastain kit (Vector Laboratories, Burlingame,
California) for labeling the tissues. The immunohistochemical stains were considered
positive when more than 5% of the adenocarcinoma tissue was labeled or more than 1% of
the nonmalignant tissue was labeled. This low threshold for positive response in the
nonmalignant tissues provided a rigorous test of specificity for application of PAMA4 to
differential diagnosis of PDAC and CP. Only the appropriate tissue components (eg,
adenocarcinoma, pancreatic intraepithelial neoplasia [PanIN], cystic lesions, normal ducts,
acinar ductal metaplasia [ADM], etc.) were assessed. Acinar ductal metaplasia represents
replacement of acinar cells by cuboidal ductal epithelium. Two types of ADM have been
described: one without associated PanIN (isolated ADM) and one with associated PanIN.1’

RESULTS

Pancreatic Ductal Adenocarcinoma and Adjacent Nonneoplastic Tissue

We first examined tissue microarrays consisting of specimens derived from 43 patients with
confirmed PDAC. These served as a positive control for monoclonal antibody (MAb)
reactivity, as well as providing a means for comparison of immunohistologic staining of
malignant and benign tissue specimens. The tissue microarrays contained cores of invasive
adenocarcinoma, as well as matched cores from adjacent, nonneoplastic tissue obtained from
14 of the PDAC cases. Immunohistochemical labeling of representative cores of malignant
and adjacent, nonneoplastic tissues is presented in Figure 1. As expected, each of the MAbs
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under investigation provided mostly intense reactivity with the majority of PDAC cores
(Table 1); PAMA4-reactive antigen was expressed in 34 of 43 cases (79%) with the
overwhelming majority of these demonstrating a diffuse labeling pattern (>25% of the
PDAC was labeled), whereas MUC1, CEACAMS5/6, and CA19-9 were each expressed in at
least 90% of cases, again in a mostly diffuse labeling pattern. In contrast, 8G7-defined
MUC4 was detected in a considerably lower number of specimens, 29 of 43 (67%),
although, as with the other biomarkers, MUC4 was usually evident in a diffuse pattern. Also
in Table 1 are data relating biomarker expression with tumor grade. Although trends were
observed for PAM4, MUC4, and CEACAMS5/6 with decreased expression of the biomarkers
in the higher-grade PDAC specimens, statistically significant correlations were not
observed. Adjacent, nonneoplastic pancreatic tissues, including acinar cells, isolated ADM,
ductal epithelium, and islet cells, did not express the PAM4 antigen (0 of 14 cases; Figure
1); however, MUC4 was expressed in 6 of 14 cases (43%), and MUC1, CEACAM5/6, and
CA19-9 each were expressed in 14 of 14 cases (100%).

Chronic Pancreatitis

Immunohistochemistry was then performed on sections of resected specimens from 32
patients with CP (Table 2). PAM4 labeled 19% (6 of 32) of the CP specimens; however,
reactivity was restricted to the benign, neoplastic PanIN lesions associated with CP, and in 1
case, PanIN-associated ADM (Figure 2, B; the hematoxylin-eosin—stained section is shown
in Figure 2, A). Nonneoplastic, inflamed parenchyma was negative in all 32 cases (Figure 3,
B; the hematoxylineosin- stained section is shown in Figure 3, A). In contrast, the
expression of MUCL1 (Figures 2, C, and 3, C), MUCA4 (Figures 2, D, and 3, D),
CEACAM5/6 (Figures 2, E, and 3, E), and CA19-9 (Figures 2, F, and 3, F) were detected in
90% (27 of 30), 78% (25 of 32), 97% (31 of 32), and 100% (32 of 32), respectively, of CP
specimens. In all of these positively labeled tissues, the reactivity was present in
nonneoplastic, inflamed pancreatic tissue in addition to the PanINs. Pancreatic
intraepithelial neoplasias were identified in 10 of 32 CP cases; 6 of the 10 were positive for
both PAM4 and MUC1 biomarkers, with only 3 of these cases demonstrating expression of
MUCA4. Monoclonal antibodies reactive with CEACAM5/6 and CA19-9 labeled PanINs in
all 10 cases and, in addition, anti-CEACAMDS5/6 labeled background inflammatory cells
(granulocytes). A nonbinding control, MAb-Ag8, was evaluated on all tissue specimens with
routine negative results (not shown).

Benign, Nonmucinous Cystic Lesions

Nineteen benign, nonmucinous cystic lesions of the pancreas, including 15 serous
cystadenomas (SCASs) and 4 benign cysts with squamous lining, were examined (Table 2).
Serous cystadenomas are composed of uniform cuboidal, glycogen-rich epithelial cells
forming small cysts that contain serous fluid (Figure 4, A). PAM4 labeled only 1 of 15
SCAs with a diffuse, weak stain (Figure 4, B). Similarly, MUC4 was expressed in only 1
SCA, again with a diffuse, weak stain (Figure 4, D). On the other hand, MUC1 (Figure 4, C)
and CA19-9 (Figure 4, F) were present in more than half of the SCAs (53% and 67%,
respectively) with some specimens having an intense stain. Although most of the SCAs did
not express CEACAMS5/6, very focal CEACAMDS/6 labeling was present in 2 of 15 SCAS
(13%; Figure 4, E).
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Lymphoepithelial cyst is a rare benign cystic lesion of the pancreas. The walls of the cyst are
lined by mature squamous epithelium surrounded by dense lymphoid tissue. Retention cysts
are small, dilated pancreatic duct side branches that arise because of obstruction. Squamous
metaplasia is frequently associated with retention cysts. We examined the expression of
PAMA4 antigen in 2 lymphoepithelial cysts and 2 retention cysts with squamous cell lining;
PAMA4 did not label any of the cysts examined. However, MADs reactive with MUC1,
MUC4, CEACAMS/6, and CA19-9 stained squamous cells in 3, 3, 4, and 4 of the 4 cystic
lesions, respectively. Although the immunoreactivity to MUC1 and MUC4 was focal and
weak, CEACAMDS5/6 and CA19-9 labeling was diffuse and strong. Overall, PAM4 antigen,
MUC1, MUC4, CEACAMS5/6, and CA19-9 were expressed in 1 (5%), 11 (58%), 4 (16%), 6
(32%), and 14 (74%) of 19 benign nonmucinous cysts examined, respectively.

COMMENT

Pancreatic ductal adenocarcinoma is the eighth most common malignancy in the United
States. However, it is the fourth leading cause of cancer-related deaths,® in large measure
because of our inability to detect PDAC at early stages of tumor growth. Unfortunately,
efforts toward solving this problem face several major challenges. Patients with early
pancreatic cancer are generally asymptomatic or present clinically with only vague
symptoms not necessarily suspicious of PDAC. Further, distinguishing PDAC from
nonneoplastic pancreatic disease, particularly CP, can be difficult and sometimes impossible
at both the clinical and radiographic levels.19-20 Thus, the search for biomarkers able to
detect and diagnose PDAC is of great interest. At present, the only serum biomarker that is
used conventionally for PDAC is mucin-associated carbohydrate antigen CA19-9,21-23
However, serum CA19-9 is frequently elevated in nonneoplastic conditions, such as CP and
benign obstructive jaundice, and is also expressed by several nonpancreatic cancers.22:23
Thus, it is of limited value for differential diagnosis, but has proven of clinical value for
monitoring disease status.?!

With CA19-9 serving as a starting point, the literature is now replete with reports of
potential biomarkers for PDAC. For the most part, reverse transcription polymerase chain
reaction or polyclonal antibodies and MAbs have been used as a means to identify
biomarkers with specificity for malignant neoplasia, but more recently, efforts are being
directed toward evaluation of genomic, proteomic, and micro-RNA profiles as a means to
differentiate benign and malignant disease of the pancreas. Several of these potential
biomarkers, for example, MIC-1, mesothelin, mi-R21/155, and MUC4,24-29 |ike the CA19-9
marker, are expressed at high frequency in PDAC, and may prove useful in the overall
scheme for detection of PDAC, but to date, none has demonstrated sufficient ability to
differentiate PDAC from nonneoplastic lesions for true diagnostic accuracy.

In several prior reports, we have shown that PAM4 identifies a biomarker expressed by 90%
of PDAC, as well as the precursor lesions PanIN and intraductal papillary mucinous
neoplasm, and shows high specificity for PDAC and precursor lesions versus benign,
nonneoplastic pancreatic tissues.}2:13 Based upon these results, we developed an enzyme
immunoassay to detect circulating PAM4 biomarker as a means for the detection and
diagnosis of PDAC.10.11.14 Sensitivity of the assay is high (71% and 91%, respectively, for
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early- and late-stage PDAC); however, approximately 20% of the sera from patients
diagnosed with CP were considered positive. Thus, the purpose of the present study was to
evaluate critically the specificity of the PAM4 antibody with respect to the discrimination of
PDAC and CP, and other benign, nonneoplastic lesions of the pancreas. We included several
other potential biomarkers in our studies for comparative purposes: MUC1 (MAb-MADb),
MUC4 (MAb-8G7), CEACAMS5/6 (MAb-MN-15), and CA19-9.23:30-32

Our results indicate that PAM4 is not reactive with the nonneoplastic tissues from CP
patients, but rather with PDAC and its neoplastic precursor lesions, such as PanINs, which
are known to develop within the inflamed CP parenchyma. Together with results from a
prior study,!1 we have evaluated a total of 51 specimens of CP, finding that in no instance
was PAM4 reactive with the inflamed parenchyma. On the other hand, each of the other
biomarkers investigated, MUC1, MUC4, CEACAM5/6, and CA19-9, as detected by the
above listed MADbs, was unable to differentiate PDAC and benign, nonneoplastic tissues.
These latter biomarkers were expressed to varying extent in CP-associated PanIN lesions,
but also in nonneoplastic ducts and isolated ADM.

However, comparative biomarker evaluations such as performed here and elsewhere suffer
from the challenge of comparing biomarker antigen expression versus detection
(accessibility?) of specific epitope structures within the biomarker antigen. As an example,
the percentage of PDAC cases identified as positive for the MUC4 biomarker is dependent
upon the antibody used for detection. Immunohistochemical studies performed with 2
different rabbit polyclonal antibodies have reported MUC4 expression rates of 50% and
77%, respectively, in PDAC.33:34 Another immunohistochemical study reported a MUC4
expression rate of only 30% when using MAb-1G8.3% We used the 8G7, anti-MUC4 MADb in
our studies showing that 67% of PDAC cases are positive for expression of this biomarker.
However, even when using the identical MADb, in this case 8G7, it appears that other factors
come into play; Swartz et al32 and Jhala et al3® reported that 90% of PDAC expressed 8G7-
defined MUC4, yet Saitou et al37 reported only 32% of PDAC cases expressed 8G7-defined
MUCA4.

Although frequency of expression (sensitivity) is an important metric for eventual clinical
use of a biomarker, the important observation from the current study is the specificity of the
MAb, PAM4, with respect to PDAC, its neoplastic precursors, and nonneoplastic disease.
This then provides the significance for true clinical interpretation of the biomarker results.
Thus, we hypothesize that CP patients (and perhaps others having disease with high risk for
development of PDAC) who are found to have elevated levels of PAM4 antigen in the
circulation may harbor occult PDAC, or have significant numbers of precursor lesions
producing the PAM4 biomarker.

For the present study, we also evaluated expression of the PAM4 antigen within benign,
nonmucinous cystic lesions of the pancreas. With newer radiographic technologies, cystic
lesions within the pancreas are being detected with increasing frequency.38-40
Differentiation of cystic lesions with and without malignant potential has become an
important issue for decisions on treatment such as surgical resection versus observation
alone. Intraductal papillary mucinous neoplasm and mucinous cystic neoplasm are the 2
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radiographically detectable precursor lesions for PDAC.4142 However, current imaging
modalities are some-times not sufficiently specific to completely distinguish these lesions
from many benign cysts that may have near zero malignant potential.*3 For example, there is
overlap in imaging appearance between branch intraductal papillary mucinous neoplasms
and SCAs, with the latter almost never progressing to invasive carcinoma. Serous
cystadenomas account for 10% to 15% of cystic lesions in the pancreas. Accurate
differentiation of SCAs from intraductal papillary mucinous neoplasms and mucinous cystic
neoplasms, therefore, could avoid excessive surgery. In prior studies, we have shown that
approximately 90% of intraductal papillary mucinous neoplasms express the PAM4
antigen.12 Thus, the current findings, in which MAb-PAM4 showed reactivity with only 1 of
19 benign, nonmucinous cystic lesions, suggest the use of this antibody for differentiation of
cystic lesions with and without malignant potential, perhaps via immunohistochemical
labeling of retrieved fine-needle aspirates and/or biopsy, or via enzyme immunoassay of
cystic fluids, as has been reported for detection and quantitation of CEACAMS5,44:45
However, it should be pointed out that PAMA4 is reactive with normal gastric mucosa,2
which could contaminate fine-needle aspirates of pancreatic tissue and/or fluids when
retrieved through the stomach wall. Based upon the results of the current study, further
investigation to evaluate larger numbers of these cystic lesions is warranted.

In summary, of all the biomarkers evaluated in this study, only the PAM4 biomarker was
able to discriminate PDAC (and the neoplastic PanIN precursor lesions) from benign,
nonneoplastic pancreatic tissues, particularly inflamed CP parenchyma. Importantly, the
data support the notion that CP patients who are serum positive for expression of PAM4
antigen may have underlying PDAC and/or precursor lesions. Whether or not a positive
reaction is of clinical significance is an issue for further investigation. We are now
conducting a paired specimen evaluation of presurgical serum and tissue specimens from the
same individuals undergoing resection of the pancreas because of CP, in order to determine
if a clear biological association exists between the presence of PAM4-positive neoplasia in
the tissue and circulating antigen levels. However, this is a difficult project, because
pancreatectomy is not the usual treatment for CP.

The potential for prevention of PDAC by detection of PanIN lesions, particularly high-
grade, multifocal PanINs, has been considered:46 however, once again, these lesions are
mostly asymptomatic and not usually detectable by radiography. Nevertheless, the current
data suggest that physicians may want to provide follow-up investigation for the presence of
PDAC to individuals with high levels of circulating PAM4 antigen and/or PAM4-positive
tissue.
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Figure 1.
Expression of the PAM4 biomarker, MUC1, MUC4, CEACAM5/6, and CA19-9 in tissue

cores derived from invasive pancreatic ductal adenocarcinoma (PDAC) and adjacent
histologically normal pancreas tissue. Each of the biomarkers was reactive with the
overwhelming majority of PDAC cores. The PAM4 antigen was not expressed by any of the
nonneoplastic tissue cores within this tissue microarray. On the other hand, MUC1, MUC4,
CEACAM5/6, and CA19-9 were identified within acinar cells, small ducts, and isolated
acinar ductal metaplasia in 100%, 43%, 100%, and 100% of these nonneoplastic cores,
respectively. In the specific case shown, MUC4 was found to be negative (original
magnifications x40 [PDAC cores] and x200 [nonneoplastic tissue]).
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Figure 2.
Expression of the PAM4 biomarker, MUC1, MUC4, CEACAM5/6, and CA19-9in a

pancreatic intraepithelial neoplastic (PanIN-2) lesion identified within a case of chronic
pancreatitis. A, The hematoxylin-eosin section shows the PanIN-2 arising within a
background of chronic pancreatitis with partial loss of acinar cells, some fibrosis, and acinar
ductal metaplasia (ADM). Arrows are pointed at PanIN-associated ADM, with the circled
ADM shown at higher magnification in the inset. B, PAM4 labeled the PanIN lesion along
with focal chronic pancreatitis-associated ADM. C, MUC1 was expressed by the PanIN
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lesion, as well as associated ADM and acinar cells. D, MUC4 was present within associated
ADM, but not the PanIN lesion in this case. E, CEACAMDS5/6 showed strong labeling of the
PanIN lesion, ADM, and inflammatory cells. F, CA19-9 showed moderate labeling of the
PanIN lesion, but also labeled the acinar cells, duct, and ADM (original magnifications x40
[A-F] and x200 [A-F insets]).
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Figure 3.
Expression of PAM4 biomarker, MUC1, MUC4, CEACAM5/6, and CA19-9 in a chronic

pancreatitis specimen without pancreatic intraepithelial neoplasia. A, Hematoxylin-eosin
shows chronic pancreatitis with extensive fibrosis, distorted pancreatic ducts, acinar cell
atrophy, and isolated acinar ductal metaplasia (IADM). No labeling was observed with (B)
MAb-PAM4 in any of the tissues within chronic pancreatitis, including IADM (arrows point
to IADM with the circled area shown at higher magnification in the inset); however, the
other biomarkers, (C) MUCL1, (D) MUC4, (E) CEACAMS5/6, and (F) CA19-9, were each
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identified within the isolated ADM, pancreatic ducts, and acinar cells (original
magnifications x40 [A-F] and x200 [A-F insets]).
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Figure4.
Expression of PAM4 biomarker, MUC1, MUC4, CEACAM5/6, and CA19-9 in a

representative case of benign serous cystadenoma (SCA). (A) The hematoxylin-eosin
section shows a multilocular cyst lined with cuboidal epithelial cells. This is the only case,
of 15 cases, where (B) MAb- PAM4 and (D) MUC4 showed a diffuse, weak labeling
(arrows). (C) MUCL1 labeling appeared to be significantly greater than the PAM4 biomarker
and MUC4, with (E) CEACAMb5/6 showing little to no expression in these benign lesions,
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and (F) CA19-9 showing mostly weak labeling of the cyst linings (original magnifications
x40).
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