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Identification of growth factors and receptors in mes-
enchymal tumors may be crucial to understanding of
growth regulation in sarcomas. During an immuno-
histochemical study of the expression of growth fac-
tors and receptors in human soft tissue tumors (STT),
only 1 antisera capable of working in paraffin-embed-
ded tissue was noted. A detailed study of 141 STT was
undertaken to determine the frequency of expression
of nerve growth factor receptor (NGF-R), its specific-
ity and sensitivity for neural tumors, and the effect of
fixation on detection. In normal mesenchymal tissue,
only nerve sheath and perivascular staining was seen.
No immunoreactivity was seen in many tumors in-
cluding rhabdomyosarcoma, angiosarcoma, liposar-
coma, Ewing’s sarcoma, and alveolar soft part sar-
coma. Less than 15% of tumors of smooth muscle,

fibrous, or fibrohistiocytic origin showed immunore-
activity, usually focal. In contrast, a high frequency of
immunoreactivity was noted in tumors of neural ori-
gin (74%). This included granular cell tumors (100%),
Schwannoma/neurofibroma (91%), malignant Schwan-
noma (78%), neuroblastoma/neuroepithelioma (60%),
and paraganglioma (57%). A high rate of reactivity was
also seen in synovial sarcomas (80%), undifferentiated
sarcomas (60%), and hemangiopericytomas (43%), sug-
gesting a potential relationship to the neural pheno-
type. Among the neural tumors, Bouin’s fixation was
superior to formalin, suggesting that immunoreactiv-
ity for NGF-R is affected by fixation. This antibody
may be a useful adjunct marker diagnostically. (Am J
Pathol 1988, 132:152-160)

RECENTLY, INTEREST IN viral oncogenes has
grown as associations between viral oncogene prod-
ucts and cellular transformation and tumorigenensis
have been discovered. Although functional correlates
of many of these viral and cellular oncogene products
have not been determined, 2 have been investigated
and shown to be related to known growth factors and
receptors. The transforming protein of the Simian
Sarcoma virus, p®"*, was the first oncogene product
shown to have significant sequence homology with a
growth factor, platelet-derived growth factor (PDGF),
a mitogen for fibroblasts, glia, and smooth muscle
cells in culture.'? In addition, in-depth investigations
of the receptor for epidermal growth factor have
shown that the erb B product of the erythroblastosis
virus is similar to the intracellular portion of this re-
ceptor.>

Interest has continued with the nerve growth fac-
tor/receptor system because of the importance of
nerve growth factor (NGF) in regulating development
of sympathetic and sensory neurons.® Other targets
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for NGF include tumors of neural crest origin includ-
ing neurofibroma, pheochromocytoma, neuroblas-
toma, and malignant melanoma.®>”” Although no viral
oncogene product has yet been identified in these tu-
mors, the receptor for NGF (NGF-R) is a possible can-
didate. This receptor has been identified in cells de-
rived from pheochromocytomas, neuroblastoma, and
melanoma, as well as Schwann cells from traumatic
neuromas and neurofibromata.®'® Support for the
hypothesis that the nerve growth factor receptor may
be a potential oncogene-associated cellular protein is
the discovery that nevi and melanomas, benign and
malignant tumors of melanocytes, express NGF-R,
whereas normal melanocytes do not.!' Thus, expres-
sion of NGF-R may be related to tumorigenic poten-
tial and malignant transformation of melanocytes.

Accepted for publication February 29, 1988.

Address reprint requests to John J. Brooks, MD, Section
of Surgical Pathology, Department of Pathology and Labo-
ratory Medicine, Hospital of the University of Pennsylva-
nia, Philadelphia, Pennsylvania 19104



Vol. 132 e No. 1

Table 1—Study Cases: Benign and Malignant Mesenchymal Lesions
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Phenotype Benign (43) Malignant (98)
Neural (47) PNS*T (11) PNS* ()]
Neuroma 3) Neuroepithelioma/Neuroblastoma (10)
Ganglioneuromatosis  (2) Paraganglioma** @)
Granular cell tumor 3) Malignant granular cell
tumor 1)
Clear cell sarcoma 1)
Fibrous (21) Fibromatosis** (3) Malignant fibrous
Fibroma (2) histiocytoma (MFH)tt (14)
DFSPt 1)
Fibrous pseudotumor' (1)
Smooth muscle (16) Leiomyomatt 8) Leiomyosarcomatt 8)
Skeletal muscle (4) Rhadbomyosarcoma 4)
Lipomatous (7) Lipoma** 4) Liposarcoma** 3)
Vascular (11) Hemangioma' 1) Hemangiopericytoma'' 7)
Lymphangioma' (1) Angiosarcoma )
Other (35) Fibrothecoma' 1) Synovial sarcoma** (10)
Angiomyolipoma' (1) Sarcoma, NOS11 (5)
Atrial myxoma' 1) Skeletal Ewings (4)
ASPS§ 5)
Epitheliod sarcoma 1)
Kaposi's sarcoma' 1)
Cystosarcoma phyllodesf ()
Uterine stromal sarcomaf 1)
Malignant mixed
Mesodermal tumor** 3)

* Peripheral nerve sheath tumor.

1 Dermato fibrosarcoma protuberans.

1 Undifferentiated sarcoma, not otherwise specified.
§ Alveolar soft part sarcoma.

The number of cases is given in parenthesis. Note the broad distribution of benign and malignant mesenchymal neoplasms across the various phenotypes.
Frozen tissue was avalable and was tested with this antibody to NGF-R in 58 of these tumors. The number of cases are indicated above as follows:

' One case.

1 Two cases.

** Three cases.
1t Seven cases.
11 Eight cases.

Our investigation into the frequency of expression
of various growth factors and receptors in frozen sec-
tions of soft tissue tumors documented a relationship
between their expression and biologic potential in
these lesions.'? As part of that study, we confirmed
what others had observed, namely the preservation of
NGF-R immunoreactivity in paraffin sections. We
therefore undertook a formal study: 1) to determine
the frequency of reactivity of NGF-R in paraffin sec-
tions of soft tissue tumors of various phenotypes; 2) to
delineate the sensitivity and specificity of this receptor
antibody for tumors of neural origin; and 3) to exam-
ine the effect of tissue fixation on expression of detect-
able antigen.

Materials and Methods
Case Selection

One hundred forty-one soft tissue tumors were ex-
amined (Table 1). These tumors were chosen to cover
a broad spectrum of benign and malignant mesenchy-

mal tumors. They were selected mainly from the files
of the Hospital of the University of Pennsylvania, al-
though some cases were retrieved from the Children’s
Hospital of Philadelphia and from the consultation
files of one of the authors (JJB). The routine sections
from each case were reviewed, and the diagnoses con-
firmed.

Where appropriate and possible, immunohisto-
chemical staining was performed on paraffin sections
to confirm the diagnosis. Hemangiopericytomas were
distinguished from monophasic synovial sarcomas by
the absence of monoclonal keratin immunopositive
cells, the absence of clusters of cells on reticulin stain,
and the typical vascular pattern throughout. Most
other sarcoma types were identified based on morpho-
logic criteria. Immunohistochemistry was helpful in
differentiating between cases of leiomyosarcoma (des-
min positive) and nerve sheath tumors (S100 posi-
tive). The clear cell sarcoma was S100 positive and
the epitheliod sarcoma was cytokeratin positive. All
rhabdomyosarcoma were positive for either myoglo-
bin, desmin or both muscle markers.
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Figure 1—Nerve growth factor receptor (NGF-R) in melanoma cell line,
A875. Cell membrane reactivity is accented in many cells, which also
showed light cytoplasmic staining. (Immunohistochemical stain, original
magnification, X100)

Immunoperoxidase

Immunohistochemical staining was carried out via
the avidin-biotin complex immunoperoxidase tech-
nique.'* Five-micron paraffin-embedded sections
were cut and melted at 50-60 C for 30 minutes, depar-
affinized, and washed in running water for 5 minutes.
Endogenous peroxidase activity was quenched by a 15
minute wash in 1.2% hydrogen peroxide in methanol.
The sections were sequentially incubated at 37 C with
normal horse blocking serum (10 minutes), undiluted
primary antibody (overnight at 4 C), biotinylated sec-
ondary antisera (30 minutes), and avidin-biotin com-
plex reagent (45 minutes) (Vector Laboratory Sys-
tems, Inc., Burlingame, CA). Each incubation was fol-
lowed by 2 5-minute washes in P;NaCl (0.15 g%
Na,HPO,, 0.069 g% NaH,PO,-H,O, and 0.79 g%
NaCl) and one wash in P;NaCl with 1% bovine serum
albumin (BSA), except for the first step where excess
normal serum only was removed. Sections were ex-
posed to the chromagen reaction solution (0.05% 3,3
diaminobenzidine tetrahydrochloride in P;NaCl/
0.1% BSA and 0.0002% hydrogen peroxide) for 5
minutes. After washing in tap water, the sections were
counterstained in hematoxylin, dehydrated, cleared,
and mounted.

Immunoreactivity was scored as follows: 0 = none,

= focal (0-2% of cells), 2 = scattered (2-20%), 3
= prominent (20-50%), and 4 = diffuse (>50%).

The previously characterized monoclonal antibody
to nerve growth factor receptor (NGF-R) (clone # ME
20.4S, IgG1) was obtained courtesy of Dr. Alonzo
Ross of the Wistar Institute, University of Pennsylva-
nia and used undiluted. Briefly, this antibody has been
shown to be specific for NGF-R through competitive
inhibition of '>’I-NGF binding and by immunopre-
cipitation of affinity labeled nerve growth factor re-
ceptor.'!
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The human melanoma cell line, A875, was ob-
tained from the Wistar Institute and served as the pos-
itive control. Confluent cultures grown in minimal
Eagle’s medium supplemented with 10% fetal bovine
serum were pelleted and fixed in Bouins solution prior
to embedding in paraffin. These reacted similar to cy-
tocentrifugation preparations of the cell lines briefly
fixed in 95% ethanol and stored until use at —20 C.

The method of fixation used for each case was re-
corded and results on formalin-fixed and Bouin’s-
fixed tissues were compared. Frozen tissue was avail-
able on 58 cases for further comparison (Table 1).

Absorptions

Approximately 5 X 10® nondisrupted cells from the
melanoma cell line A875 were used as the absorption
reagent. This cell line is known to contain many cop-
ies of the NGF receptor identified as a soluble mem-
brane protein of appropriate molecular weight that
bound '*I-NGF.!! Diluted antisera was added to the
antigen and incubated overnight at 4 C, centrifuged
(110,000¢ at 4 C for 30 minutes) and the supernatant
stored at 4 C until use. Both the positive control and
arepresentative tumor with known strong immunore-
activity were stained using absorption supernatant as
the primary antisera. No immunoreactivity was ob-
served after absorption of the antisera.

Statistical Analysis

Classification analyses were used and correspond-
ing P values reported. Where there were cell inadeque-
cies, the Fisher’s exact test was used.

Results

Strong staining of the A875 control cell line was
seen along the plasma membrane, with weaker reac-
tivity of the cytoplasm (Figure 1). The strongest stain-
ing was seen in cells in active division. No immunore-
activity was observed after absorption. To identify
NGF-R immunoreactivity among normal mesenchy-
mal elements, 12 sections containing skeletal muscle,
and over 20 sections containing areas of smooth mus-
cle, endothelium, fibrous tissue, or adipose tissue ad-
jacent to the tumors as well as in sections of skin and
colon were examined. No evidence of reactivity was
seen in these mesenchymal elements. In contrast,
both the epineurium and endoneurium of nerves,
seen in 18 sections adjacent to tumors, displayed
strong immunoreactivity (Figure 2A). Ganglion cells
and stellate support cells did not stain. In addition,
strong perivascular staining was noted in many sec-
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Figure 2—NGF-R in normal nerves. Epineurium and endoneurium, but not the axons, reacted with the monoclonal antibody (A). The thin perivascular
reactivity (arrow) seen in many locations probably represented staining of nerve sheath of tiny nerve branches (B). Staining was even seen around capillaries

(arrowhead). (Immunohistochemical stain, X100)

tions without staining of the vascular smooth muscle
or endothelium. This was seen as a thin circular line of
staining around vessels ranging from large muscular
arteries to capillaries (Figure 2B). Although no nerves
were identified, this probably represented staining of
the nerve sheath of small nerve branches around these
vessels. Germinal centers but not other lymph node
elements reacted strongly. No epithelial staining was
noted; however, the myoepithelium of breast ducts
and eccrine glands exhibited immunoreactivity.

A high frequency of immunoreactivity was seen in
both the benign and malignant neural tumors (74%,
Figure 3). All of the granular cell tumors showed
diffuse strong immunoreactivity, which in areas ac-
centuated the cell borders (Figure 4). Similarly, the 2
cases of ganglioneuromatosis of the bowel showed
strong staining of the spindled cell component but no
staining of the ganglion cells. In addition, both benign
and malignant peripheral nerve sheath tumors fre-
quently expressed NGF-R (91 and 78% respectively)

(Figures 5 and 6). Included among the malignant
Schwannomas were 2 cases of malignant Triton tu-
mor. In 1 case the Schwannian component reacted
while the rhabdomysarcoma component did not; the
other case showed no immunoreactivity of either ele-
ment. Within neuroblastomas the immunoreactivity
accentuated the rosette formations with strong stain-
ing of the centrally-placed cytoplasmic processes.
Among paragangliomas, staining was typically focal,
with scattered positive cells within the clusters. These
“Zellballen,” however, were delineated by a promi-
nent rim of staining (Figure 7). This probably repre-
sented perivascular staining noted around vessels of
various sizes. Excluding the 1 case of clear cell sar-
coma, >50% of all the neural tumors showed immu-
noreactivity with NGF-R.

The frequency of NGF-R immunoreactivity was
compared among the various soft tissue tumor pheno-
types (Figure 8). In addition to the neural tumors,
there was a surprising degree of reactivity among 3

Ganglioneuromatosis 2
Granular cell tumor 4
Schwannoma/Neurofibroma "
T o o ron & Malignant Sohwanoma 0
3@%%%%?@&%&3& § Neuroepithelioma/Neuroblastoma 10
activity. & Paraganglioma 7
Neuroma 3

Clear cell sarcoma | 1

— T T v T — -
0.0 0.2 0.4 0.6 0.8 1.0
Frequency of Positivity
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other phenotypic groups including the synovial sarco-
mas (80%), the undifferentiated sarcomas (sarcoma,
not otherwise specified, “NOS,” 60%), and hemangio-
pericytomas (HPC, 43%). In the one biphasic synovial
sarcoma, the glandular component showed strong im-
munoreactivity, while the spindled component re-
acted only focally with NGF-R (Figure 9). The spin-
dled cell component of the monophasic tumors,
however, typically showed diffuse positivity. Heman-
giopericytomas were similar in this regard. The un-
differentiated sarcomas also had areas of prominent
immunoreactivity (Figure 10).

?""‘ Qé‘ "“‘SI

Figure 5—NGF-R in neurofibroma. Note the prominent staining of the cell
processes (arrow). (immunohistochemical stain, X100)
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Figure 4—NGF-R in granular cell tumor. All cells
in these lesions were darkly stained, often with
prominent highlighting of the cell borders. (Im-
munohistochemical stain, X100)
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By comparison, only occasional reactivity was seen
among the benign fibrous tumors (1/7) (# positive/#
tested), benign and malignant smooth muscle tumors
(2/16), and malignant fibrous histiocytoma (1/14). In
contrast to many of the other tumors, the immunore-
activity seen in each of these cases was focal with <2%
of the cells staining. In addition, the staining in the
leiomyosarcoma and the fibroma, although within
lesional cells, was always adjacent to a blood vessel or
nerve, raising the possibility of secondary uptake of
antigen by the tumor cells.

Figure 6—NGF-R in a superficial epithelioid malignant Schwannoma, one
of the malignant peripheral nerve sheath tumors. Although this case showed
diffuse, strong reactivity, such was not the case for all of the peripheral nerve
sheath tumors. (Immunohistochemical stain, X100)
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Of the other cases not displayed in Figure 8, the two
cystosarcoma phyllodes showed immunoreactivity,
although focal or in scattered areas. Three malignant
mixed mesodermal tumors (MMMT) all showed im-
munoreactivity to variable degrees within the mesen-
chymal components without epithelial reactivity. All
of the remaining tumors, representing a broad spec-
trum of soft tissue tumor phenotypes, showed no im-
munoreactivity with NGF-R (Figure 8).

On examination of the sections, wide variability in
the degree of staining of tumors was noted. This was
most evident in the neural tumors, especially within
certain subtypes (eg, Schwannoma), in which some
cases showed diffuse positivity while others displayed
only focal or no immunoreactivity. This led us to de-
termine the method of fixation of the tissue prior to
sectioning for immunohistochemistry as a potential
source of this variability. Of the 47 neural tumors, 23
were fixed in Bouin’s and 24 in formalin. Although
the frequency of positive immunoreactivity was sim-
ilar (83% of the Bouin’s-fixed tumors vs. 67% of those
formalin-fixed), the degree of reactivity was different
between the 2 groups. Of the cases that showed reac-
tivity, only 21% of the Bouin’s-fixed sections had low
reactivity scores (1 or 2) compared with 50% of the
formalin fixed sections. This difference, although not
statistically significant (P > 0.05), suggested that fixa-
tion may influence immunoreactivity for NGF-R in
paraffin sections. Bouin’s fixation may better preserve
this antigenicity.

Fifty-eight of the soft tissue tumors examined also
had frozen tissue available. These all had been stained
with this antibody to NGF-R as part of another study
and the results previously described.'? All of the cases
that showed immunoreactivity in paraffin-embedded
sections also demonstrated immunoreactivity in the
frozen section. In 5 cases, including 2 leiomyomata, 2
malignant fibrous histiocytomas, and 1 hemangio-
pericytoma, immunoreactivity was seen in the frozen
section but not in paraffin. In all but the last, frozen
tissue immunoreactivity was focal and may have rep-
resented uptake from adjacent nerves, a phenomenon
observed in paraffin-embedded sections of other tu-
mors. Thus, only 12% of the cases (5/58) showed a
different immunoreactivity pattern in the frozen as
compared to the paraffin-embedded section. This
difference was not statistically significant (P > 0.25),
suggesting that paraffin embedding is comparable to
frozen sections in preserving antigenicity for NGF-R.
However, the fact that 5 cases showed staining in the
frozen but not the paraffin section implies that fresh
frozen tissue may better preserve NGF-R antigenicity,
as it does for essentially all antigens.
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Figure 7—NGF-R in paraganglioma. Zellballen were outlined by a thin rim of
reactivity (arrow). Only an occasional tumor cell exhibited a positive reaction,
typically weak. (Immunohistochemical stain, X100)

Discussion

Growth factors and growth factor receptors may
play a crucial role in the understanding of the mecha-
nisms of growth regulation in sarcomas. A recent
study has shown that expression of growth factors and
growth factor receptors was related to biologic poten-
tial of human soft tissue tumors, with malignant tu-
mors more frequently expressing single or multiple
factors and receptors.'? In addition, recent investiga-

NER 47
SYNV 10

HPC 7

NOS 5

MFH 14

FiB 7
LEIO 16
RMS | 4

Lipo] 7

VAS | 4

ASPS|5

EWINGS] 4
Ll

v L] v L] v L] v L] v 1
0.0 0.2 04 0.6 0.8 1.0
Frequency of Posltivity

Figure 8—Expression of NGF-R across the soft tissue tumor phenotypes.
Outside of the top four phenotypes dispiayed, only 4 of the remaining 61
tumors shown demonstrated immunoreactivity. In these, the staining was
focal and occasionally suggested uptake from adjacent nerves. NER, neural;
SYNV, synovial sarcoma; HPC, hemangiopericytoma; NOS, undifferentiated
sarcoma, not otherwise specified; MFH, malignant fibrous histiocytoma;
FIB, benign fibrous; LEIO, leiomyoma and leiomyosarcoma; RMS, rhabdo-
myosarcoma; LIPO, lipoma and liposarcoma; VAS, benign vascular and an-
giosarcoma; ASPS, alveolar soft part sarcoma; EWINGS, skeletal Ewing's
sarcoma.
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tions of bombesin, a potent mitogen for small cell
lung carcinoma cells in culture have shown that inhi-
bition of binding of this growth factor inhibited the
growth of these cells as tumors in nude mice.'*"’
Thus, increased expression of growth factors and/or
receptors may allow neoplasms to escape exogenous
controls on growth, thereby increasing their tumori-
genic potential.

Expression of nerve growth factor receptor in par-
ticular may be an important influence on tumorigenic
potential in soft tissue tumors, especially those of neu-
ral or neural crest origin. For example, NGF-R has
been demonstrated in nevi and malignant melanoma
but not in normal melanocytes.!! It also has been
shown in cultured Schwann cells from neurofibro-
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Figure 9—NGF-R in biphasic synovial sarcoma.
Both epithelial and stromal cells stained, and
outlines of individual cells can occasionally be
seen. Note how the staining accented the glan-
dular component of this tumor (arrow). (Immu-
nohistochemical stain, X100)

mata and traumatic neuromas, as well as pheochro-
mocytomas and neuroblastomas.’'° We undertook a
detailed study of soft tissue tumors, with emphasis on
the neural phenotype, to determine the frequency and
specificity of NGF-R expression in these neoplasms.
In normal nerves, the staining was seen in the nerve
sheath rather than within the axons or ganglion cells.
Similarly, immunoreactivity to NGF-R was seen
around blood vessels of various sizes, ranging from
capillaries to muscular arteries. The endothelium and
smooth muscle, in contrast, did not react. Such peri-
vascular staining probably represened an immunore-
active nerve sheath of tiny neural processes known to
be associated with blood vessels.'®* No other normal
epithelial or mesenchymal tissue expressed NGF-R,

Figure 10—NGF-R in an undifferentiated sar-
coma (sarcoma, not otherwise specified [NOS]).
Diffuse strong reactivity, producing dark scanty
cytoplasm rings encircling nuclei, was observed
in this grade lll sarcoma from near the knee. (Im-
munohistochemical stain, X100)
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with the exception of the myoepithelial layer of breast
and eccrine ducts.

Similar to normal nerve sheath, benign and malig-
nant peripheral nerve sheath tumors expressed NGF-
R frequently. Only a few cases of benign nerve sheath
lesions had been previously tested, and our observa-
tions extend those results.!! No differences in staining
were noted between neurofibromata and Schwanno-
mas nor between benign and malignant peripheral
nerve sheath neoplasms. Immunoreactivity for NGF-
R was also detected in many tumors of neural crest
origin such as neuroblastomas and paragangliomas,
as previously described by Ross et al.!' Neuroepitheli-
omas showed similar reactivity. Interestingly, staining
among the paragangliomas was focal, within scattered
cells of the clusters or “Zellballen.” However, strong
perivascular staining surrounding the clusters was
seen. Overall, 74% of the neural and neural crest tu-
mors expressed NGF-R. The reactivity of NGF-R an-
tibody in neural lesions did not necessarily parallel
that of S100: occasional S100 negative malignant
nerve sheath tumors were NGF-R positive, and neu-
ronal tumors like neuroblastoma are consistently
S100 negative but often NGF-R positive.

This high frequency of immunoreactivity to NGF-
R was not limited to tumors of known neural origin.
Similar high frequencies of NGF-R expression were
seen among synovial sarcomas, undifferentiated sar-
comas, and hemangiopericytomas (all of which are
S100 negative lesions). Although considered to be
mesenchymal tumors, the histogenesis of these tu-
mors is unknown, and they could possibly be related.
It is well known, for example, that synovial sarcomas
often contain pericytomatous areas, however, the ex-
pression of cytokeratin confirms the diagnosis of mo-
nophasic synovial sarcoma.'®*® Thus, synovial sarco-
mas and some hemangiopericytomas may be poten-
tial relatives, a concept supported by their similar
reactivity with NGF-R. Likewise, some of the un-
differentiated sarcomas may be related to the neural
phenotype. After all, the undifferentiated sarcomas
represent tumors that could not be classified into a
particular sarcoma phenotype by standard histologic
criteria or by immunohistochemical staining. Expres-
sion of NGF-R by these tumors suggests a possible
link which might relate to the neural phenotype. One
can postulate that these sarcomas are so undifferenti-
ated that they no longer express diagnostic immuno-
histochemical markers such as S100 antigen.

In contrast, a low frequency of NGF-R expression
(<15%) was seen in tumors of fibrous, fibrohistiocytic,
and smooth muscle origin. In addition, this immuno-
reactivity was typically focal. In 2 of the 4 cases, the
positive cells were adjacent to strong neural or peri-

NGF-R IN SOFT TISSUE TUMORS 159

vascular staining, suggesting the possibility of second-
ary uptake by the lesional cells. Thus, although NGF-
R expression was not specific for the neural pheno-
type, it was seen infrequently among these other soft
tissue tumor phenotypes. Among the other mesen-
chymal tumors examined (rhabdomyosarcomas, lipo-
sarcomas, lipomas, benign vascular tumors, Ewing’s
sarcomas, and alveolar soft part sarcomas), none ex-
pressed this receptor. In addition, no staining was seen
in one case each of epitheloid sarcoma, Kaposi’s sar-
coma, uterine stromal sarcoma, atrial myxoma, fi-
brothecoma, or angiomyolipoma. Interestingly, im-
munoreactivity within cystosarcoma phyllodes may
reflect that seen in normal myoepithelium. Differen-
tiation toward a neural phenotype may explain the
NGF-R reactivity seen in the stroma of malignant
mixed mesodermal tumors.

On examination of the stained sections, variability
in the frequency and degree of positive immunoreac-
tivity were noted among the cases, especially within
the neural phenotype. For example, of the 9 malig-
nant Schwannomas, 4 showed diffuse immunoreac-
tivity, 2 displayed focal reactivity, and 3 did not react.
This led to the suspicion that the method of fixation
of the sections was a factor in this variable staining.
Indeed, when fixation was compared, Bouin’s-fixed
sections more frequently showed positive immunore-
activity, and more frequently showed diffuse rather
than focal positivity. While Bouin’s appeared superior
to formalin fixation, these differences were not statisti-
cally significant.

Thus, this study suggests that the antibody to nerve
growth factor receptor may play a role in future diag-
nostic immunohistochemistry as a valuable adjunct
in conjunction with other markers as part of a panel
in the evaluation of soft tissue tumors. Even though
expression of NGF-R was frequently seen among tu-
mors of the neural phenotype, expression was not lim-
ited to neural lesions and would not necessarily ex-
clude another cell of origin for a soft tissue neoplasm.
The good correlation of the staining in paraffin-em-
bedded sections with that in frozen tissue further sup-
ports this role for routine diagnostic work. Finally, our
study prompts further investigation into the possible
relationships between hemangiopericytomas, syno-
vial sarcomas, and the neural phenotype.
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