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Although chromogranin A (CgA) is widely distrib-
uted in neuroendocrine tumors, the distribution of
chromogranin B (CgB) has not been elucidated.
Hormones produced by tumors are sometimes pro-
hormones and not necessarily bioactive hormones.
Prohormones have to be processed into bioactive
peptides by prohormone convertases (PCs), and
some of them have to be amidated by peptidylgly-
cine a-amidating monooxygenase (PGM). Whether
PCs and PGM are present or not in tumors may
explain why some tumors are functioning and some
are nonfunctioning. We investigated 45 carcinoids
and 16 pancreatic endocrine tumors. Of the carci-
noids, CgA was expressed in most of the tumors,
except for the rectal and ovarian carcinoids, which
expressed CgB strongly. The expressions of PC2,
PC3, and PGM were 31%, 100%, and 87%, respec-
tively. In the pancreatic tumors, CgA was expressed
in all tumors, whereas CgB was not expressed in any
tumor. The expressions of PC2, PC3, and PGM were
63%, 88%, and 63%, respectively. PC3 was ex-
pressed in all of the functioning tumors but not in
two of the four nonfunctioning tumors. PC2 and
PGM were not expressed in three of the four non-
functioning tumors. In conclusion, expression of
CgA and CgB was different depending on the tumor
location. High frequency of PCs and PGM may ex-
plain why even nonfunctioning tumors produce
some inconspicuous peptides.
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Carcinoids and pancreatic endocrine tumors are
derived from the neuroendocrine system. Clini-
cally, there are two types of neuroendocrine tu-
mors: functioning and nonfunctioning. The term
functioning is applied only to tumors that induce a
clinical syndrome of endocrine hyperfunction as a
result of inappropriately elevated serum hormone
concentrations (1). Nonfunctioning tumors induce
no clinical symptoms. Possible reasons that some
tumors are nonfunctioning include the following:
(1) The tumors produce hormones that have clini-
cally inconspicuous functions (e.g., somatostatin,
pancreatic polypeptide), (2) the tumors produce a
small amount of hormones and are unable to in-
duce clinical symptoms, (3) the tumors produce
prohormones but not bioactive hormones, and (4)
the tumor cells are unable to release hormones into
the blood vessels. In both types of tumors, numer-
ous secretory granules are present in the cytoplasm.
Hormones are packed in the secretory granules
with many other proteins. Chromogranin A (CgA) is
a major component of the secretory granules and
has been used as a tumor marker for neuroendo-
crine tumors (2– 4). However, some carcinoids, es-
pecially from the rectum, have been known to be
negative for CgA (5, 6). Chromogranin B (CgB) is
also abundant in neuroendocrine cells and tumors,
especially in the adrenal medulla and pituitary
gland (7–9). Its distribution in carcinoids and pan-
creatic endocrine tumors is not known.

Neuroendocrine tumors usually produce hor-
mones in the form of prohormones, which must be
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processed into bioactive peptides by prohormone
convertase (PC) (10). PC2 and PC3 (also known as
PC1) are members of a family of cellular endopro-
teolytic processing enzymes (11, 12). Many regula-
tory peptides require the a-amidation of a carboxyl
terminus for biologic activity or for binding to their
receptors (13) by peptidylglycine a-amidating
monooxygenase (PGM) and peptidylamidoglyco-
late lyase, which are encoded in a single mRNA
molecule (14, 15). PC2, PC3, and PGM are also
contained in the secretory granules of the neuroen-
docrine system and of the tumors derived from it
(16). PC2 and PC3 have been reported to be useful
markers for neuroendocrine cells (17). In the
present study, we performed immunohistochemi-
cal stainings of CgA, CgB, PC2, PC3, and PGM in
carcinoids of various organs and pancreatic endo-
crine tumors to compare their expressions and
functional states, and we examined the usefulness
of these markers for making a pathologic diagnosis.

MATERIALS AND METHODS

Forty-five carcinoids (7 gastric, 2 ileum, 3 ovar-
ian, 2 testicular, 2 thymic, and 29 rectal) and 16
pancreatic endocrine tumors were removed and
fixed in 10% buffered formaldehyde and embedded
in paraffin. Of the carcinoids, only the two thymic
carcinoids were clinically functioning; they pro-
duced adrenocorticotropic hormone (ACTH) and
induced Cushing’s syndrome. The patients with
other carcinoids had no endocrinologic symptoms,
and the tumors were clinically considered to be
nonfunctioning. The pathologic diagnosis of those
tumors was made after surgery, and the hormone
levels in the preoperative serum were not exam-
ined. Tumors that were examined only by immu-
nohistochemical staining were not classified as
functioning tumors even if many cells were positive
for peptide hormones (e.g., most tumor cells of the
testicular carcinoids showed serotonin immunore-
activity; they were classified as nonfunctioning tu-
mors). The pancreatic tumors included 12 clinically
functioning tumors—1 ACTH-producing tumor
with Cushing’s syndrome, 3 gastrin-producing tu-
mors, and 8 insulin-producing tumors—and 4 non-
functioning tumors. The tissue sections were im-
munohistochemically investigated with specific
antibodies for human CgA, CgB, PC2, PC3, and rat
PGM using the streptavidin-biotin peroxidase com-
plex method. For the pancreatic endocrine tumors,
insulin, glucagon, somatostatin, pancreatic
polypeptide, gastrin, and ACTH were also immuno-
histochemically investigated to compare the clini-
cal diagnosis and immunohistochemical study. The
immunohistochemical procedures were the same
as those described previously (3). The sources of the

antibodies are summarized in Table 1. The anti-
body for PC3 was supplied by Dr. D.F. Steiner (18).

For positive controls, several sections were
stained simultaneously: pheochromocytoma for
CgA and CgB and the normal pancreas and pitu-
itary gland for PC2, PC3, and PGM. For PGM anti-
body, immunospecificity was confirmed by West-
ern blotting. The specificity of the antibody for CgB
(CgB 548 –564) raised by one of the authors (DA)
was confirmed by adsorption test; 5 mg of peptide
was added to 1 mL of diluted antibody at 1:1000,
then kept it at 37° C for 1 h and then at 4° C for 18 h
at room temperature. After centrifuge, the superna-
tant was used for immunohistochemistry. Nonim-
mune rabbit serum was used instead of the specific
primary antibodies as a negative control. Immuno-
reactivity was evaluated as follows: 2, no immuno-
reactive cells; 1, less than 20% of tumor cells im-
munoreactive; 11, more than 20% of the tumor
cells immunoreactive; 111, more than 50% of the
tumor cells immunoreactive.

RESULTS

CgA, CgB, PCs, and PGM were detected in the
tissues of the positive controls. In the normal pan-
creas, CgA, PC2, PC3, and PGM were expressed in
almost all cells of the pancreatic islets. CgB was
focally observed in some of the islets with both
antibodies. However, the majority of the islets had
few cells that were immunoreactive for CgB. In
addition, peripheral nerves were stained by the au-
thor’s (DA) antibody but not by the Santa Cruz
antibody. In the normal human adrenal medulla,
the majority of cells showed strong immunoreac-
tivity for CgB with both antibodies. The immuno-

TABLE 1. The Sources and Working Dilutions of the

Primary Antibodies

Antibodies Sources
Working
Dilution

CgA DAKO (Glostrup, Denmark) 1:1000
CgB 1) Dr. D. Aunis raised against

human CgB 548–564
1:3000

2) Santa Cruz Biotech (Santa Cruz,
CA) against human CgB 658–676

1:2000

PC3 Dr. Donald F. Steiner (18) 1:1000
PC2 Chemicon (Temecula, CA), amino

acids 112–159 of human PC2
1:200

PGM 1) Dr. H. Okamoto, peptidylglycine-
a-hydroxylase (37 kD)

1:2000

2) Dr. H. Okamoto, a-hydroxyglycine
amidating dealkylase (53 kD)

1:2000

Insulin DAKO 1:3000
Glucagon DAKO 1:3000
Somatostatin DAKO 1:3000
Pancreatic

polypeptide
DAKO 1:4000

Gastrin DAKO 1:3000
ACTH Incstar (Stillwater, MN) 1:4000

Cg, chromogranin; PC, prohormone convertase; PGM, peptidylglycine
a-amidating monooxygenase; ACTH, adrenocorticotropic hormone.
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histochemical results are summarized in Tables 2
and 3.

Although clinically functioning tumors were lim-
ited in the present study, the majority of the tumors
had sporadically distributed tumor cells that were
positive for peptide hormones. The functioning tu-
mors had cells that were positive for several kinds of
peptides (e.g., insulin-producing tumor also had
ACTH-, glucagon-, and somatostatin-positive cells
in addition to insulin-positive cells, as shown in
Table 3). Because the two enzymes of PGM were
located in the same cells, we describe them as PGM
in the tables. CgA-positive cells were densely dis-
tributed in the normal mucosa adjacent to the car-
cinoids of the gastrointestinal tract (Fig. 1). CgA was
detected in carcinoids, especially in the stomach,
small intestine, and thymus carcinoids; however,
76% of the rectal carcinoids were focally positive or
almost negative for CgA, despite showing many CgA
immunoreactive cells in the normal rectal mucosa
adjacent to the carcinoid (Fig. 2). In contrast, all 29
rectal-origin carcinoids were strongly positive for
CgB (Fig. 3), whereas no or few cells were immu-
noreactive to CgB in the normal rectal mucosa ad-
jacent to the carcinoids (Fig. 4). CgB was also de-
tected in the other sites of carcinoids, including
ovary, testis, and thymus. Three of seven gastric
carcinoids were negative for CgB. PC3 was detected
in all of the carcinoids (Fig. 5), whereas PC2 was
observed in only 14 tumors (Table 2). PGM was
highly expressed in 39 of the 45 carcinoids (87%),
including all of the rectal carcinoids (Fig. 6). There
were no PC2-, PC3-, or PGM-immunoreactive cells
in the normal mucosa of the gastrointestinal tract
adjacent to the carcinoids.

In the pancreatic endocrine tumors, CgA was
strongly expressed in all tumors, whereas CgB was
not detected in any tumors. PC2 and PC3 immuno-
reactivity was observed in 10 (63%) and 14 (88%)
tumors, respectively. All functioning tumors ex-
pressed PC3 (Fig. 7). PC2 was expressed in all insu-
linomas (Fig. 8) but not in any gastrinomas. PGM
was expressed in all gastrinomas but not in two of
eight insulinomas. PC2, PC3, and PGM immunore-
activity was observed in one, two, and one of the
four nonfunctioning tumors, respectively.

DISCUSSION

Chromogranins constitute a family of water-
soluble acidic glycoproteins that are present in al-
most all endocrine, neuroendocrine, and neuronal
tissue. CgA and CgB have been known to undergo
pH- and Ca(21)-dependent aggregation, and this
property is considered essential for the proper sort-
ing of the vesicular matrix proteins (19) and also are
prohormones of several bioactive peptides (20, 21).
Antibodies against chromogranins have been
widely used for the diagnosis of endocrine tissues
and tumors of neuroendocrine origin. The results of
the present study revealed that the distribution of
CgA in normal intestinal mucosa from the stomach
to the rectum was intense, whereas CgB was sparse
in the duodenum and essentially absent in other
sites of the intestine. Both CgA and CgB have sev-
eral cleavage sites and are processed to many low
molecular fragments, some of which are identical to
bioactive peptides (20, 21). CgB fragment (314 –365)
is also detected in endocrine tumors (22). Previous
studies reported that CgA was either absent or im-
munolocalized only focally in tumors with a pre-
dominant trabecular pattern of colorectal carci-
noids (2, 5, 6).

Fahrenkamp et al. (23) investigated 152 neuroen-
docrine tumors of the gastrointestinal tract using
monoclonal antibody against human CgA, CgB
(amino acids 306 –326), and CgC. They revealed that
CgA is the major granin expressed in gastric carci-
noids and in serotonin-producing carcinoids of the
appendix and ileum. In contrast, strong CgB and
CgC immunoreactivity was found in rectal carci-
noids, in which CgA was rarely expressed. Although
the epitopes of the CgB recognized by the antibod-
ies used by Fahrenkamp et al. and us (amino acids
548 –564) are different, their results are similar to
our present findings, which indicates that CgB is a
useful tumor marker for rectal and also ovarian and
testicular carcinoids. The histogenesis of the rectal
and ovarian carcinoids is interesting because there
were numerous immunoreactive cells to CgA but
no immunoreactive cells to CgB in the normal rec-
tal mucosa and ovary. Measurements of plasma
CgA (24, 25) and CgB (25) have been used as a
reliable marker of neuroendocrine tumor growth.

Stridsberg et al. (25) measured plasma CgA and
CgB in 44 patients with carcinoids and 17 patients
with sporadic endocrine pancreatic tumors and ob-
served elevated CgA and CgB plasma levels in 99%
and 88% of the patients, respectively. Our present
study of pancreatic endocrine tumors revealed that
all of the tumors strongly expressed CgA but not
CgB. Scopsi et al. (17, 26) reported that 11 pancre-
atic islet cell tumors showed immunoreactivity to
both CgA and CgB. The discrepancy between our
results and those of Stridsberg et al. and Scopsi et

TABLE 2. Immunoreactivity of CgA, CgB, PC2, PC3, and

PGM in Carcinoids

Tumor Site CgA CgB PC2 PC3 PGM

Stomach (n 5 7) 7 4 1 7 1
Rectum (n 5 29) 7 29 6 29 29
Ileum (n 5 2) 2 2 2 2 2
Testis (n 5 2) 2 2 2 2 2
Ovary (n 5 3) 1 3 1 3 3
Thymus (n 5 2) 2 2 2 2 2
Total (%) (n 5 45) 21 (53) 42 (93) 14 (31) 45 (100) 39 (87)

Cg, chromogranin; PC, prohormone convertase; PGM, peptidylglycine
a-amidating monooxygenase.
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al. may be attributable to the different antibodies
used against CgB. The antibody used by Stridsberg
et al. and Scopsi et al. was raised against CgB ex-
tracted from a human pheochromocytoma. The
amino acid sequence was not analyzed. Our anti-
body was raised against human CgB 548 –564. The
immunohistochemical expressions of chromogran-
ins are different among species and also epitopes
recognized by the antibodies (27).

Previous studies of prohormone convertases in
human neuroendocrine tumors are limited in num-
ber, except for those on the pituitary gland and its
tumors. Scopsi et al. showed that both PC2 and PC3
are virtually universal components of the neuroen-
docrine system; cells with a neural phenotype (e.g.,
pheochromocytes and Merkel cells) contained pre-
dominantly PC2, whereas classic endocrine cells
contained mostly PC3 (17). In the present study,

PC3 was expressed in all carcinoids and pancreatic
endocrine tumors regardless of the kinds of hor-
mones produced, whereas PC2 was expressed in
31% of the carcinoids, including 6 of 29 nonfunc-
tioning rectal carcinoids and previously reported
ACTH-producing thymic carcinoids (28) and
serotonin-producing (only immunohistochemically
examined) testicular carcinoids. Sixty-three percent
of pancreatic endocrine tumors, including all
insulin-producing tumors but no gastrin-producing
tumors, showed cells that were immunoreactive to
PC2. PC2 is known to mediate the processing of
proopiomelanocortin, proinsulin, and perhaps se-
rotonin. The high frequency of PC3 in nonfunction-
ing carcinoids and pancreatic endocrine tumors
may explain why those nonfunctioning tumors
have the ability to process some prohormones. The
absence of expression of PC2 in carcinoids and

FIGURE 1. Normal rectal mucosa showing numerous chromogranin
A–positive cells (original magnification, 2003).

FIGURE 2. Rectal carcinoid; few tumor cells are immunoreactive to
chromogranin A (lightly counterstained with hematoxylin; original
magnification, 4003).

TABLE 3. Immunohistochemical Results of CgA, CgB, PC2, PC3, PGM, and Hormones in 16 Pancreatic Endocrine

Tumors

Cases CgA CgB PC2 PC3 PGM Ins Glu SS PP Gast ACTH Clinical Diagnosis

1 111 2 1 111 2 2 2 2 2 2 1 Cushing
Syndrome

2 111 2 2 1 11 1 1 2 2 11 2 Gastrinoma
3 111 2 2 111 111 1 2 2 2 1 2 Gastrinoma
4 111 2 2 11 11 2 2 2 2 1 2 Gastrinoma
5 111 2 11 111 111 111 2 2 1 2 2 Insulinoma
6 111 2 111 111 111 1 1 2 2 2 2 Insulinoma
7 111 2 11 111 111 11 1 1 1 2 2 Insulinoma
8 111 2 11 1 1 1 2 2 2 2 2 Insulinoma
9 11 2 11 11 2 1 2 1 1 2 1 Insulinoma

10 111 2 11 111 2 1 2 11 111 2 2 Insulinoma
11 111 2 1 111 1 11 2 1 2 2 2 Insulinoma
12 111 2 111 111 111 2 2 2 2 2 2 Insulinoma
13 111 2 2 2 2 2 11 2 2 2 2 Nonfunctioning
14 111 2 2 111 2 2 11 11 2 2 2 Nonfunctioning
15 11 2 2 2 11 2 1 2 2 2 2 Nonfunctioning
16 111 2 11 11 2 2 2 1 2 2 11 Nonfunctioning

Total(%) 16 (100) 0 (0) 14 (88) 10 (63) 10 (63) 9 (56) 6 (38) 6 (38) 4 (25) 3 (19) 3 (19)

Cg, chromogranin; PC, prohormone convertase; PGM, peptidylglycine a-amidating monooxygenase; Ins, insulin; Glu, glucagon; SS, somatostatin; PP,
pancreatic polypeptide; Gast, gastrin; ACTH, adrenocorticotropic hormone; 2, no immunoreactive cells; 1, a few immunoreactive cells; 11, more than
20% of tumor cells are immunoreactive; 111, more than 50% of tumor cells are immunoreactive.
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pancreatic endocrine tumors may relate to why
some tumors are nonfunctioning.

Peptide a-amidation is a posttranslational mod-
ification that occurs in approximately half of all
endocrine and neuroendocrine peptide hormones
(29, 30). Although no cells were immunoreactive to
PGM in the normal mucosa adjacent to the carci-
noids, most of the carcinoids except for the gastric
carcinoids contained PGM. Our present study
showed that not only the functioning tumors but
also the clinically nonfunctioning tumors demon-
strated highly frequent expression of PC3 and PGM.
These results lead to the conclusion that the major-
ity of endocrine tumors have the ability to produce
some bioactive hormones and that most tumors
produce inconspicuous peptides (that are not no-
ticed clinically) and are considered to be nonfunc-
tioning tumors. Functional tumors usually produce
multiple hormones (31), and PCs and PGM may be
required for producing them, including clinically
unnoticed hormones.

In conclusion, both functioning and nonfunc-
tioning tumors had PCs and PGM. This indicates
that even nonfunctioning tumors produce some
hormones in greater or less degree.

FIGURE 3. Rectal carcinoid (the same tumor as in Fig. 1); most
tumor cells are positive for chromogranin B (lightly counterstained with
hematoxylin; original magnification, 4003).

FIGURE 4. Normal rectal mucosa showing no cells that are
immunoreactive to chromogranin B (hematoxylin-eosin stain; original
magnification, 2003).

FIGURE 5. Rectal carcinoid; many tumor cells showing the
immunoreactivity to PC3 (original magnification, 2003).

FIGURE 6. Rectal carcinoid; most tumor cells showing
immunoreactivity to PGM (counterstained with hematoxylin; original
magnification, 4003).

FIGURE 7. Pancreatic endocrine tumor; most tumor cells showing
immunoreactivity to PC3 (original magnification, 2003).
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Book Review

Learmonth GW: An Atlas of Cytopathology of
the Head and Neck: With Clinical and His-
tological Correlation, 153 pp, London, Ar-
nold, 1998 ($89.50).

An Atlas of Cytopathology of the Head and Neck is
a single-author monograph that covers inflam-
matory, developmental, and neoplastic disor-
ders. Generally, the book is well written with
excellent illustrations. Special coverage is given
to virtually all aspects of head and neck cytology.
The book is organized into 10 chapters; 3 chap-
ters are devoted to fine needle aspiration of
lymph nodes, and 1 chapter each covers salivary
gland tumors, cysts of the head and neck, oral
cavity, nasopharynx, nose and paranasal sinuses,
skin and soft tissue, and eye and orbit.

What is unique to this book is that the ma-
terials are presented in a case-oriented ap-
proach: one or two cases are presented for each
disease; each case begins with a brief clinical
history accompanied by clinical photographs or
MRI scans; then a series of photomicrographs
are displayed, including the standard Papanico-
laou’s stain and immunohistochemistry. Exfolia-

tive cytopathology of the head and neck, which is
not a common practice in the United States,
receives good coverage.

Cytologic photomicrographs are in most
cases accompanied by histologic pictures, which
I found particularly useful for histologic correla-
tion. The figure legends are concise and to the
point.

As an atlas should, the book contains numer-
ous illustrations on almost every page. These
cytology photomicrographs are at a sufficiently
high magnification, in color, and of exquisite
sharpness.

Reviewing this book was an enjoyable and
informative endeavor. Any pathologist, pathol-
ogy resident, or cytotechnologist should benefit
from having this as part of his or her bench top
references and personal library.

Di Lu
Department of Pathology
University of Texas
MD Anderson Hospital
Houston, Texas
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