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In non-neoplastic tissues, the expression of protein
gene product 9.5 (PGP 9.5), a member of the ubiq-
uitin hydrolase family of proteins, is confined to
neural and neuroendocrine cells. Although it has
been claimed that PGP 9.5 is a specific marker of
neural and/or nerve sheath differentiation in hu-
man tumors, careful review of the literature sug-
gests that relatively few nonneural or nerve sheath
tumors have been studied. Prompted by our recent
observation of a PGP 9.5–positive malignant fibrous
histiocytoma, we undertook a study of PGP 9.5 ex-
pression in a large group of well-characterizedmes-
enchymal neoplasms. Sections from 95 mesenchy-
mal tumors were retrieved from our archives and
immunostained for PGP 9.5 using standard avidin-
biotin complex technique and heat-induced epitope
retrieval. Scoring was as follows: negative, 1� (<10–
25% of cells), 2� (25–50% of cells), and 3� (>50% of
cells). Normal nerves and fibrous tissue were inter-
nal positive and negative controls, respectively. Pos-
itive immunostaining was seen in 80/95 (84%) of
cases. Positive results by tumor subtype were as
follows: (1) nerve sheath tumors: malignant periph-
eral nerve sheath tumor (7/10), neurofibromas (10/
10), and perineuriomas (3/3); (2) (Myo) fibroblastic
tumors: malignant fibrous histiocytoma (18/20),
low-grade fibromyxoid sarcomas (8/9), fibromato-
ses (7/7), and desmoplastic fibroblastomas (2/2); (3)
vascular tumors: angiosarcomas (4/4), heman-
gioendotheliomas (3/5), and hemangiomas (3/4);
and (4) other non-nerve sheath tumors: pleomor-
phic liposarcoma (4/4), dermatofibrosarcoma pro-

tuberans (2/5), rhabdomyosarcomas (2/2), synovial
sarcomas (8/8), melanomas (1/2). All positive cases
were 2–3� except 6 malignant peripheral nerve
sheath tumor, 1 neurofibroma, 3 malignant fibrous
histiocytoma, 2 low-grade fibromyxoid sarcoma,
and 1 dermatofibrosarcoma protuberans. Positive
staining was seen in normal smooth muscle and
germinal centers in addition to nerves. We conclude
that in this, the largest study to date of PGP 9.5
expression in mesenchymal neoplasms, we have
found strong (2–3�) expression in the vast majority
of nonneural or nerve sheath neoplasms studied.
Although PGP 9.5 is a sensitive neural/nerve sheath
marker, it is essentially totally nonspecific for diag-
nostic purposes. It is possible that our findings re-
flect cross-reactivity of the 13C4 clone with epitopes
present on other ubiquitin hydrolases. Alterna-
tively, PGP 9.5 expression may be aberrantly up-
regulated in a variety of mesenchymal neoplasms.
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Protein gene product 9.5 (PGP 9.5), also known as
ubiquitin carboxyl-terminal hydrolase-1 (UCH-L1),
is a 27-kDa protein originally isolated from whole
brain extracts (1). Although PGP9.5 expression in
normal tissues was originally felt to be strictly con-
fined to neurons and neuroendocrine cells (2), it
has been subsequently documented in distal renal
tubular epithelium, spermatogonia, Leydig cells,
oocytes, melanocytes, prostatic secretory epithe-
lium, ejaculatory duct cells, epididymis, mammary
epithelial cells, Merkel cells, and dermal fibroblasts
(3–10).
In the field of diagnostic surgical pathology,

PGP9.5 has enjoyed modest fame as a purportedly
specific marker of putative neural and “neuroecto-
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dermal” tumors, such as neuroendocrine carcino-
mas/carcinoids (11, 12), primitive neuroectodermal
tumors and neuroblastomas (13–15), granular cell
tumors (16, 17), cellular neurothekeomas (18), and
malignant peripheral nerve sheath tumors (19). Re-
cently, however, doubt has been cast on the “neu-
roectodermal” specificity of PGP9.5, as its expres-
sion has been documented at both the RNA and
protein level in a variety of non-neuroendocrine
carcinomas, including those of the breast (9), kid-
ney (6), prostate (5), pancreas (20), lung (21, 22),
and colon (23).

Prompted by our recent observation of a PGP9.5-
positive myxoid malignant fibrous histiocytoma, we
undertook a study of PGP9.5 expression in a large
group of well-characterized mesenchymal neoplasms.

METHODS

Formalin-fixed, paraffin embedded blocks from
95 mesenchymal tumors were retrieved from the
archives of Emory University, of the University of
Arkansas for Medical Sciences, and of one of the
authors (ALF). These cases included malignant pe-
ripheral nerve sheath tumors (10), neurofibromas
(10), perineuriomas (3), malignant fibrous histiocy-
toma (20), low-grade fibromyxoid sarcomas (9), fi-
bromatoses (7), desmoplastic fibroblastomas (2),
angiosarcomas (4), epithelioid hemangioendothe-
liomas (3), hobnail hemangioendotheliomas (2),
hemangiomas (including spindle cell hemangioma)
(4), pleomorphic liposarcomas (4), dermatofibro-
sarcoma protuberans (5), rhabdomyosarcomas (2),
synovial sarcomas (8), and melanomas (2). Cases
diagnosed as “malignant fibrous histiocytoma”
were pleomorphic sarcomas that lacked any evi-
dence of specific differentiation, after careful light
microscopy and immunohistochemical study.

For immunohistochemistry, deparaffinized, hy-
drated, 4-�m formalin-fixed sections were immu-
nostained with a monoclonal antibody to PGP9.5
(clone 13C4, 1:100; Biomeda Corporation, Foster
City, CA). The antibody conditions had been opti-
mized previously at UAMS, using normal nerves
and surrounding nonneural tissues as internal pos-
itive and negative controls, respectively. External
negative controls consisted of substitution of nor-
mal mouse serum for the primary antibody. Sec-
tions were subjected to heat-induced epitope re-
trieval using a pressure cooker with target retrieval
buffer (DAKO Corporation, Carpinteria, CA) for 20
minutes. A 1:100 dilution of the antibody solution
and appropriate reagents from the LSAB2 detection
kit (DAKO) were used on the DAKO automated
immunostainer. Antigens were localized using an
avidin-biotin method with 3,3'-diaminobenzidine
as a chromogen. The tumors were scored as “neg-

ative” (�5% of cell positive), “1�” (6–25% of cells
positive), 2� (26–50% of cells positive), and 3�
(�51% of cells positive). In all positive cases,
PGP9.5 was expressed in a cytoplasmic pattern.

RESULTS

The immunohistochemical results are summa-
rized in Table 1. Briefly, 80 of 95 (84%) cases ex-
pressed PGP9.5, with 2–3� positivity in 67 cases
(71%). With regard to the nerve sheath tumors,
PGP9.5 was expressed by 20 of 23 (87%) cases, in-
cluding all neurofibromas and perineuriomas, and
70% of malignant peripheral nerve sheath tumor
(Fig. 1A–D). However, PGP9.5 was also expressed by
60 of 72 (83%) non-nerve sheath tumors (Fig. 2A–
H). In fact, only dermatofibrosarcoma protuberans
were positive �50% of the time, with expression in
2 of 5 (40%) cases studied (Fig. 3A–B).

Among normal tissues, PGP9.5 was consistently
expressed by normal axons (Fig. 4A), ganglion cells,
and smooth muscle, as well as by lymphoid germi-
nal centers (Fig. 4B). No expression was seen in
other tissues.

DISCUSSION

PGP9.5 was first isolated from human whole-
brain extracts by Jackson and Thompson (1) and
Doran et al. (24) using high-resolution two-
dimensional gel electrophoresis. PGP9.5 is ex-
pressed at approximately 50-fold greater concen-
tration in the brain than in other tissues and
comprises approximately 1–5% of total soluble
brain proteins (1). Although the function of PGP9.5
was originally unknown, it was subsequently shown
to be identical to ubiquitin carboxyl terminal hy-
drolase 1 (UCHL1), an enzyme originally identified
in bovine thymus (25). The PGP9.5/UCHL1 gene is
located on chromosome 4p14 (26). The ubiquitin

TABLE 1. Immunohistochemical Results

Diagnosis (N)
Negative

(%)
1�
(%)

2–3�
(%)

Malignant peripheral nerve sheath tumor (10) 3 (30) 6 (60) 1 (10)
Neurofibroma (10) 0 (0) 1 (10) 9 (90)
Perineurioma (3) 0 (0) 0 (0) 3 (100)
Malignant fibrous histiocytoma (20) 2 (10) 3 (15) 15 (75)
Low-grade fibromyxoid sarcoma (9) 1 (11) 2 (22) 6 (67)
Fibromatosis (7) 0 (0) 0 (0) 7 (100)
Desmoplastic fibroblastoma (2) 0 (0) 0 (0) 2 (100)
Dermatofibrosarcoma protuberans (5) 3 (60) 1 (20) 1 (20)
Synovial sarcoma (8) 0 (0) 0 (0) 8 (100)
Pleomorphic liposarcoma (4) 0 (0) 0 (0) 4 (100)
Rhabdomyosarcoma (2) 0 (0) 0 (0) 2 (100)
Melanoma (2) 1 (50) 0 (0) 1 (50)
Angiosarcoma (4) 0 (0) 0 (0) 4 (100)
Epithelioid hemangioendothelioma (3) 1 (33) 0 (0) 2 (67)
Hobnail hemangioendothelioma (2) 1 (50) 0 (0) 1 (50)
Hemangioma (4) 1 (25) 0 (0) 3 (75)
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carboxyl terminal hydrolases are a group of thiol
proteases critical for the salvage of ubiquitin, the
removal of small peptides from polyubiquitin com-
plexes and cotranslational processing of ubiquitin
gene products (27). Ubiquitin is a small protein that
plays critical roles in the identification and removal
of proteins targeted for degradation. The modifica-
tion of proteins by ubiquitination and deubiquiti-
nation is important in many different cellular
pathways, including (but not limited to) cell cycle
regulation, cellular response to stress, and DNA
repair (28).

As noted above, PGP9.5 was initially identified in
neurons and was initially thought to be neuron
specific. However, the first major survey of PGP9.5
expression in human tissues, by Thompson et al.
(2), noted expression not only in neurons but also
in melanocytes and a wide variety of neuroendo-
crine cells including anterior pituicytes, thyroid
parafollicular cells, pancreatic islet cells, and adre-
nal medullary cells. These seminal observations ap-
pear to have given rise to the widely repeated state-
ment that PGP9.5 expression is restricted to cells of
neuroectodermal derivation. It it important to note,
however, that PGP9.5 expression has been convinc-
ingly documented in a large number of nonneuro-
ectodermally derived normal tissues, including
smooth muscle, the distal renal tubule, spermat-
agonia, Leydig cells, oocytes, melanocytes, prostatic
secretory epithelium, ejaculatory duct cells, epidid-
ymis, mammary epithelial cells, Merkel cells, and
dermal fibroblasts (3–10).

In the arena of tumor pathology, PGP9.5 was first
identified as a sensitive marker of neuroendocrine
tumors by Rode and colleagues, who noted PGP9.5
expression in the great majority of pituitary adeno-
mas, medullary carcinomas of the thyroid, pancre-
atic islet cell tumors, pheochromocytomas/para-
gangliomas, neuroblastomas, and carcinoids
studied (12). PGP9.5 expression was also noted by
these investigators in a subset of melanocytic tu-
mors and granular cell tumors, but not in a small
number of nonneuroendocrine carcinomas and
lymphomas. Several groups have subsequently
confirmed PGP9.5 expression to be a sensitive
marker of a variety of neuroendocrine neoplasms of
various sites and degrees of differentiation (11, 29–
36). Three studies have found PGP9.5 to be ex-
pressed in the overwhelming majority of small,
round cell tumors with presumed neural/neuroec-
todermal differentiation, including neuroblastomas
and primitive neuroectodermal tumors/Ewing sar-
coma (13–15, 37). However, only a very small num-
ber of non-neural/neuroectodermal round cell tu-
mors has been evaluated in these studies, and it is
important to note that PGP9.5 expression has been
documented by immunohistochemistry in nephro-
blastoma (13) and by Northern blot analysis in rh-
abdomyosarcomas (14). PGP9.5 expression has also
been documented in some tumors with debatable
neural or neuroendocrine differentiation, such as
extraskeletal myxoid chondrosarcoma (38) and gas-
trointestinal autonomic nerve tumor (GANT) (39).
It is noteworthy that PGP 9.5 expression has also

FIGURE 1. PGP 9.5 was expressed by the overwhelming majority of nerve sheath tumors, including perineuriomas (A and B) and neurofibromas (C
and D).
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been convincingly shown at both the protein and
gene level in nonneuroendocrine carcinomas of the
breast (9), kidney (6), prostate (5), pancreas (20),
lung (21, 22), and colon (23).

It is somewhat unclear where the concept of
PGP9.5 as a relatively specific marker of nerve
sheath tumors developed, as its expression has not
been documented in endoneurial, perineurial, or
epineurial supporting cells (e.g., Schwann cells, per-

ineurial cells, etc.). In reviewing the literature, there
is some suggestion that the expression of PGP9.5 in
“nerve fibers” has been misinterpreted as evidence
of expression in “nerves,” as opposed to neurons
and their processes (16, 18, 19). With regard to
tumors of putative nerve sheath origin, PGP9.5 ex-
pression has been documented in all granular cell
tumors (16, 17), in 15 of 16 (94%) malignant periph-
eral nerve sheath tumors, including both spindled

FIGURE 2. Expression of PGP 9.5 was, however, in no way specific for nerve sheath tumors and could be seen in fibromatoses (A and B), synovial
sarcomas (C and D), rhabdomyosarcomas (E and F), and spindle cell hemangiomas (G and H), as well as a wide variety of other mesenchymal
neoplasms.
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and epithelioid variants (19), and in 19 of 28 (68%)
neurothekeomas (18, 40). The two studies of neu-
rothekeoma, by Calonje et al. (40) and Wang et al.

(18), have reported striking dissimilar results, with
no expression noted by Calonje et al. (40) in 9
cellular neurothekeomas and with positive expres-
sion reported by Wang et al. (18) in 12 cellular, 4
intermediate, and 3 myxoid neurothekeomas. It is
conceivable that these differences are related to the
use of a polyclonal antibody without epitope re-
trieval in the Calonje et al. (40) study, as compared
with a monoclonal antibody plus epitope retrieval
in the study of Wang et al. (18). Again, as with small,
round cell tumors, only a small number of expected
negatives have been analyzed for PGP9.5 expres-
sion. Despite this, PGP9.5 expression has been doc-
umented in dermatofibromas, juvenile xanthogran-
ulomas, leiomyomas, synovial sarcomas, and
leiomyosarcomas, but not in dermatofibrosarcoma
protuberans (18, 19).

In this context, then, it is perhaps not surprising
that we have found PGP9.5 expression in a remark-
ably broad range of mesenchymal tumors, includ-
ing those with fibroblastic, adipocytic, endothelial,
muscular, and uncertain (e.g., synovial sarcoma)
lines of differentiation. Although our study did not
exhaustively analyze every type of mesenchymal
tumor that might conceivably enter the differential
diagnosis of a nerve sheath tumor (e.g., leiomyosar-
comas, fibrosarcomas), we believe that our results
convincingly make the case for the near-total lack
of specificity of PGP9.5 expression. Obviously, in
the context of this study and the above historical
review, prior claims of “neuroectodermal” differen-
tiation in tumors such as cellular neurothekeoma
should be viewed with some skepticism.

What possible explanations are there for the
widespread PGP9.5 expression that we have noted
in this study? Conceivably our immunohistochem-
ical technique could be resulting in entirely non-
specific false positives, although this seems highly
unlikely given that we used the same 13C4 clone
and comparable epitope retrieval methods as pre-
vious studies (16, 18), at a dilution that resulted in
staining of normal neurons but not of surrounding
connective tissue. It is possible that different results
might be found with a different monoclonal anti-
body to PGP 9.5, although we doubt that these
results would be significantly different, given that
PGP9.5 expression has been documented at both
the protein and gene level in diverse neoplasms
(see above). It is also possible that cross-reactivity
exists between epitopes present on PGP9.5 and
other ubiquitin hydrolases, although this is not
known to occur (Dr. Keith Wilkinson, Emory Uni-
versity, Atlanta, GA, personal communication). The
most likely explanation for our findings, we believe,
is that PGP9.5 expression is up-regulated in neo-
plasms, as compared with in their corresponding
normal tissues. Evidence in support of this concept
is provided by recent studies of PGP9.5 expression

FIGURE 3. The only mesenchymal tumor found in this study to
express PGP 9.5 in �50% of cases was dermatofibrosarcoma
protuberans (A). Here the PGP 9.5-negative tumor diffusely infiltrates
PGP 9.5-positive nerves (B).

FIGURE 4. Among normal tissues, neuronal bodies and axonal
processes invariably expressed PGP 9.5, as is expected (A).
Unexpectedly, PGP 9.5 expression was also noted in lymphoid germinal
centers, a finding not described elsewhere (B).

PGP9.5 in Mesenchymal Tumors (L.K. Campbell et al.) 967



in lung and colonic carcinomas, in which both pro-
tein and mRNA expression was noted in many car-
cinomas but not in adjacent normal epithelia (22,
23). It has been shown recently that PGP9.5 gene
expression may be up-regulated in HeLa cervical
carcinoma cell lines, as compared with normal cer-
vical epithelium, as a result of methylation of the
CpG island of the promoter region (41), and it is
certainly possible that similar mechanisms exist for
up-regulation of PGP9.5 in mesenchymal neo-
plasms. Further study of the control of PGP9.5 ex-
pression in mesenchymal tumors is certainly war-
ranted, especially as there has been recent evidence
to suggest that patients with PGP9.5-positive tu-
mors may also produce PGP9.5-reactive autoanti-
bodies (21).

In conclusion, in this, the largest study to date of
PGP9.5 expression in mesenchymal neoplasms, we
have shown expression of PGP9.5 in the great ma-
jority of studied tumors, regardless of lineage.
These results, as well as a careful review of the
literature, strongly suggest that PGP9.5 expression
is in no way specific for tumors of neural, neuroen-
docrine, or neuroectodermal origin. There does not
appear to be a role for PGP9.5 immunohistochem-
istry in diagnostic neoplastic surgical pathology.
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