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CD34 is a heavily glycosylated transmembrane pro-
tein of ;110 kd whose function is essentially unchar-
acterized. First identified in a myeloid leukemia cell
line, immunohistological reactivity with anti-CD34
antibodies is also encountered in a histologically di-
verse subset of nonhematolymphoid neoplasms includ-
ing angiosarcoma, solitary fibrous tumors, epithelioid
sarcomas, spindle cell lipomas, dermatofibrosarcoma
protuberans, and myofibroblastomas. Immunohisto-
logical reactivity for CD34 in hematopoietic stem cells
and endothelial cells has been shown to correspond to
the expression of the CD34 protein. With the exception
of gastrointestinal stromal tumors, CD34 protein ex-
pression has not been investigated in other CD34 im-
munohistologically reactive nonhematolymphoid neo-
plasms. We undertook this study to examine whether
the observed reactivity for anti-CD34 antibodies in ap-
parently unrelated tumors is due to the expression of
the same protein or whether shared epitopes elabo-
rated by other proteins could account for this reactivity.
Immunoblot analyses with anti-CD34 antibodies of six
different CD34 immunohistologically reactive lesions
show the same ;110-kd molecular weight protein. In
addition, two cases of dermatofibrosarcoma protuber-
ans show double bands at ;110 kd. Laser-capture mi-
crodissection of CD34 immunohistologically reactive
epithelioid sarcoma and nonreactive epidermal cells il-
lustrates that this reactivity is specific to tumor cells.
These results show that the observed immunohistolog-
ical reactivity with anti-CD34 antibodies is due to the
expression of the CD34 protein and not to shared
epitopes on unrelated proteins. (Am J Pathol 2000,
156:21–27)

The human CD34 molecule was originally identified in a
myeloid leukemia cell line (KG1a) and was initially char-

acterized as a marker for hematopoietic progenitor cells
and endothelial cells.1–6 Subsequent investigations have
found that in addition to immature leukemias7–10 and
vascular tumors,11–15 anti-CD34 antibodies react with a
specific subset of histologically diverse nonhematolym-
phoid neoplasms. These neoplasms include solitary fi-
brous tumors (SFT),16,17 gastrointestinal stromal tumors
(GIST),18 spindle cell lipomas,19,20 dermatofibrosarcoma
protuberans (DFSP),11,13,21,22 epithelioid sarcomas,14,23,24

myofibroblastomas,25,26 and neural tumors.17 Although a
variety of neoplasms display immunohistological reactivity
with anti-CD34, this immunophenotype is restricted and can
aid in distinguishing specific tumors from histological
mimics in their differential diagnoses. Most significantly,
very few carcinomas (1%) and melanomas (0.5%), and
no Hodgkin’s or non-Hodgkin’s lymphomas, with the ex-
ception of lymphoblastic lymphomas, have been re-
ported to express CD34.11,13–15,17,27,28

CD34 is a type I integral membrane protein of ;110 kd
molecular weight whose DNA sequence has no known
homologue and whose postulated function in cytoadhe-
sive signaling is largely uncharacterized.5,29–32 Two
types of murine CD34 mRNA that differ at the cytoplasmic
portion of the molecule generated by alternative splicing
have been described.33 The protein backbone, based on
its unique DNA sequence, is estimated to be 45 kd. A
significant portion of the molecular weight of CD34 is
contributed by posttranslational modifications leading to
embellishment of the protein core by carbohydrate moi-
eties. These modifications are determined by the protein
sequence and include several O-linked and N-linked gly-
cosylation sites located especially in the extracellular
domain.5,6,30,34 Monoclonal anti-CD34 antibodies such
as MY10 and QBEND10 that are commonly used in the
practice of diagnostic surgical pathology for detection of
CD34 reactivity are known to recognize oligosaccharide
side chains borne on this protein.34 Thus, posttransla-
tional modifications are important modulators of antigen
recognition in CD34 reactivity.
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The specificity of antigen-antibody recognition relies
on complex and precise protein-protein interactions. The
breakdown of this specificity can lead to severe conse-
quences that impact on autoimmunity and neoplasia.
Multiple binding capabilities (also known as binding pro-
miscuity, cross-reactivity, polyspecificity, and molecular
mimicry) of polyclonal as well as high-affinity monoclonal
antibodies have been well documented.35–39 Conserva-
tion of important residues or consensus motifs within
different polypeptides and the utilization of structural sim-
ilarities are thought to facilitate these interactions. It is
therefore unclear whether the observed immunohistolog-
ical reactivity for anti-CD34 with a variety of different
tumors is due to the expression of the same protein or
whether cross-reactivity of epitopes present on unrelated
proteins could explain this reactivity on unrelated neo-
plasms. In addition, because many anti-CD34 antibodies
react with antigenic sites on glycosylated side chains,
proteins elaborating similar glycosylation motifs may ex-
hibit reactivity with anti-CD34 antibodies. In hematopoi-
etic stem cells and in endothelial cells the expression of
the CD34 gene correlates with protein expression.5,6

Among soft tissue tumors correlation of CD34 immuno-
histological reactivity with protein expression has been
demonstrated in GIST18; however, this has not been
tested in other CD34 immunohistologically reactive tu-
mors. The importance of CD34 as a marker for hemato-
poietic stem cells and its diagnostic utility in a variety of
nonhematolymphoid neoplasms prompted us to investi-
gate whether CD34 immunohistological reactivity corre-
sponds to the expression of a distinct protein.

Materials and Methods

Case Selection

Fresh frozen tissues of SFTs, GISTs, DFSPs, epithelioid
sarcomas, myofibroblastomas, and spindle cell lipomas
from specimens submitted to the pathology departments
of Stanford University Medical Center (Stanford, CA),
University of Pennsylvania Medical Center (Philadelphia,
PA), and The Royal Marsden National Health Service
Trust (London, UK) comprise this study. All cases had

histological and immunohistochemical features charac-
teristic of the lesion in question.

Immunohistochemistry

The prototype antibody directed against CD34 (anti-
HPCA-1, clone MY10; Becton-Dickinson, Mountain View,
CA) was used as the primary antibody for assessment of
CD34 reactivity by immunohistochemistry. Four-micron
paraffin-embedded tissue sections were hydrated in a
graded series of alcohol and incubated with 1:10 dilution
of anti-CD34 antibody. Detection was performed on an
automated staining machine (Ventana Medical Systems,
Tucson, AZ).

Immunoblotting

Lysates were prepared from fresh frozen tissue samples
and analyzed by 7.5% acrylamide sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis (SDS-PAGE).
Coomassie staining was used to quantitate amounts of
protein and equal quantities from each sample were run
on SDS-PAGE and transferred to nitrocellulose by elec-
trophoresis. The CD34 molecule was detected by anti-
CD34 (clone MY10) alkaline phosphatase-conjugate
driven NBT/BCIP or with DAB-peroxidase staining. A ly-
sate from KG1a, the CD34 immunohistologically reactive
myeloid leukemia cell line known to express the ;110-kd
CD34 protein,3 was used as a positive control. Tumor cell
lysates in which the anti-CD34 antibody detected a prod-
uct identical in migratory characteristics to that seen in
the KG1a lysate were considered to express CD34 pro-
tein. A lysate from a CD34 immunohistologically nonre-
active GIST sample (in which CD34-immunoreactive nor-
mal endothelial cells were present) was used as a
negative control.

Microdissection

Separation of tumor cells from surrounding nontumor
cells was accomplished by microscopic dissection using
a laser-capture microdissection device (Arcturus PXL-

Table 1. Summary of Clinical, Immunohistological, and Immunoblot Findings

Case Age/Sex Diagnosis Site CD34 IHC Immunoblot

1 41 F Epithelioid sarcoma Thigh 11 broad smear*
2 73 M Malignant gastrointestinal stromal tumor Stomach 111 broad band
3 31 M Malignant gastrointestinal stromal tumor Peritoneum 2 no band
4 75 F Solitary fibrous tumor Mediastinum 111 broad band
5 45 M Solitary fibrous tumor Parapharyngeal space 111 broad band
6 40 M Dermatofibrosarcoma protuberans Scalp 111 double bands
7 18 F Dermatofibrosarcoma protuberans Breast 11 double bands
8 76 F Dermatofibrosarcoma protuberans Leg 1 broad band
9 77 M Dermatofibrosarcoma protuberans Chest 2 no band

10 62 M Myofibroblastoma Breast 11 broad band
11 65 M Spindle cell lipoma Soft tissue 11 broad band
12 55 M Spindle cell lipoma Neck 11 broad band

IHC, immunohistochemistry.
*Non-microdissected lysate.
The intensity of CD34 staining was scored as follows: 111 5 strong, 11 5 moderate, 1 5 weak.
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200), which allows for isolation of small groups of cells in
the areas of interest from frozen tissue sections onto a
transfer film.40–42 After selection of cells, the film was
transferred to a microcentrifuge tube and protein isolation
was performed. The laser-capture microdissection tech-
nique was applied to a sample of epithelioid sarcoma as
unselected material from this tumor yielded a broad
smear on CD34 immunoblots, presumably due to the
high fat content of this sample. Microdissected material
from the CD34 immunohistologically nonreactive GIST
and microdissected epidermis overlying lesional cells
was used as negative controls while a KG1a lysate was
used as a positive control.

Results

Histology and Immunohistochemistry

All cases in this study were typical examples of the ren-
dered diagnoses as summarized in Table 1. Both malig-
nant GISTs showed interlacing bundles of dense spindled
cells with brisk mitotic activity and mild pleomorphism. The
two SFTs displayed spindled cells that lacked significant
pleomorphism and mitotic activity and were variably as-

sociated with dense collagen. The cases of DFSP
showed bland spindled cells arranged in fascicles as
well as in a storiform pattern. The case of myofibroblas-
toma consisted of a monotonous spindled cell prolifera-
tion arising in the background of benign breast paren-
chyma. The spindle cell lipomas displayed clusters of
adipocytes with intervening spindled cells, minimal
atypia, and focal myxoid changes. The epithelioid sar-
coma showed a proliferation of epithelioid cells with
abundant cytoplasm and moderate nuclear pleomor-
phism. In contrast to the other tumors, the epithelioid
sarcoma was surrounded by a significant amount of sub-
cutaneous fat and was also associated with marked tu-
mor cell necrosis.

Immunohistochemistry for CD34 showed strong reac-
tivity in one of two malignant GISTs and in both SFTs. The
CD34-negative GIST (case 3) was histologically compat-
ible with a diagnosis of GIST and stained for the muscle
marker, smooth muscle actin, and for CD117 (c-kit). This
lesion was used as a negative control in the immunoblot
experiments described below. In the CD34 immunohis-
tologically reactive neoplasms a majority of the neoplas-
tic cells stained positive. The myofibroblastoma and spin-
dle cell lipomas showed moderate CD34 reactivity. The

Figure 1. Typical lesional areas of epithelioid sarcoma (A), malignant GIST (case 2; B), DFSP (case 7; C), and myofibroblastoma (D). E-H: Immunoreactivity with
anti-CD34 antibody exhibited by each of these tumors, respectively.
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epithelioid sarcoma displayed moderate membrane
staining. Among the four DFSPs, two showed moderate to
strong CD34 reactivity, the DFSP from the leg showed
weak staining, and the DFSP from the chest wall showed
no immunoreactivity. The epithelioid sarcoma was the
only lesion in which predominantly membrane staining
was seen; all other lesions showed cytoplasmic staining.
This tumor was also positive for low-molecular-weight
keratin, which is typical of epithelioid sarcoma. Typical
lesional areas of epithelioid sarcoma, malignant GIST,
DFSP, and myofibroblastoma, and their immunohistolog-
ical reactivity with anti-CD34, antibody are shown in Fig-
ure 1.

Immunoblotting

A broad band migrating at approximately 110 kd, com-
parable to that seen in the lysate from the KG1a cell line,
was detected in the two cases of SFTs, one malignant
GIST, one myofibroblastoma, and the two spindle cell
lipomas (Figure 2A). Among the four DFSPs, three cases
showed detectable bands. One case showed one band
at ;110 kd, which was comparable to that seen in the

KG1a lysate and other tumors shown in Figure 2. Two
other cases of DFSP exhibited identical double bands at
approximately 110 kd (Figure 2B). The lysate from non-
microdissected epithelioid sarcoma demonstrated a
broader smear that appeared to run at a slightly lower
molecular weight (Figure 2A). Only the band from the
nonmicrodissected epithelioid sarcoma extended be-
yond the confines of the band from the KG1a lysate. The
;110-kd band was absent from the GIST and the DFSP
that were nonreactive for CD34 by immunohistochemis-
try. None of the lysates exhibiting the ;110-kd band,
including the KG1a cell line, displayed a single sharp
band.

Microdissection

Laser-capture microdissection performed on the case of
epithelioid sarcoma allowed the separation of the tumor
cells from surrounding adipose tissue and skin (Figure 3,
A-D). Lysates prepared from microdissected tissue were
analyzed by immunoblotting and showed a band at ;110
kd in the lysate from tumor cells, but not in the lysate
containing only epidermis devoid of tumor cells (Figure
3E). This band was not a broad smear as seen in the
lysate from the undissected tumor, and migrated within
the confines of the band from the KG1a lysate. An area of
tissue similar in size was microdissected from the CD34
immunohistologically nonreactive GIST and used as a
negative control.

Discussion

Anti-CD34 antibodies are remarkable in that they recog-
nize specific but histologically divergent cell types and
neoplasms ranging from hematopoietic and endothelial
neoplasms to a variety of soft tissue tumors. In addition to
these known divergent lineages, the various soft tissue
tumors exhibit a broad range of histological appearances
that do not suggest a common cell of origin or type of
differentiation. Although some CD34 immunohistologi-
cally reactive soft tissue tumors exhibit a bland spindled
cell composition, others are cytologically malignant or
display an epithelioid morphology. However, other spin-
dled cell lesions that show histological overlap, such as
synovial sarcomas and fibrous histiocytomas, display no
CD34 immunohistological reactivity.28 Importantly, the
vast majority of carcinomas, melanomas, and lymphomas
are negative for CD34.11,13–15,17,27,28 Despite the differ-
ences in appearance, CD34 immunohistological reactiv-
ity has led to postulation of a common cell of origin,
especially for soft tissue tumors. Although the dendritic
interstitial cell could be considered a candidate from
which these tumors derive, because these cells are
CD34-positive and widely present in organ parenchyma
and soft tissues,28 there is no direct link between this cell
type and CD34 immunohistologically reactive tumors. Re-
cent investigations suggest that the interstitial cells of
Cajal, which regulate peristalsis in the gut and are immu-
noreactive for CD34 and CD117, give rise to GISTs,43–45

although CD34 expression by these cells has been called

Figure 2. A: Immunoblot showing a single ;110-kd band in the KG1a
control lysate (lane 1), solitary fibrous tumor (case 4; lane 3), malignant
GIST (case 2; lane 5), myofibroblastoma (lane 6), and spindle cell lipoma
(case 12; lane 7), a broad smear at somewhat lower molecular weight in
epithelioid sarcoma (nonmicrodissected, see text; lane 2), and lack of a band
of similar mobility in CD34 immunohistologically nonreactive malignant
GIST (case 3; lane 4). Lanes 1 and 2 are from the same immunoblot; lanes
3–7 are taken from separate experiments. All SDS-PAGE analyses were
performed with standard protein molecular weight markers and the KG1a
control lysate to facilitate comparison of electromobility of the proteins in
separate experiments. B: Immunoblot showing a single ;110-kd band in
KG1a control lysate (lane 1) and in the DFSP from the leg (case 8; lane 2).
The DFSP from the breast (case 7) shows double bands that span the
thickness of the single bands (lane 3).
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into question.46 It is unclear whether this cell type or a
counterpart exists outside the gastrointestinal tract. In
addition, CD34 immunohistologically reactive hematopoi-
etic, vascular, endothelial, and neural tumors are unlikely
to share a common lineage with soft tissue tumors. Thus,
the observed CD34 immunohistological reactivity in dis-
parate neoplasms raises the questions whether the CD34
protein is expressed in diverse cell types and whether
recognition of shared epitopes among different proteins
by anti-CD34 antibodies can explain this finding.

The function of the CD34 gene is unknown, although its
localization with other known adhesion molecules on
chromosome 1q32 suggests a cytoadhesive role for
CD34.31–33,47 In hematopoietic cells direct phosphoryla-
tion of CD34 antigen by protein kinase C has been dem-
onstrated, suggesting a further role for CD34 in regulat-
ing cell signaling.47 Engagement of specific epitopes on
the CD34 molecule elicits enhanced cytoadhesive-
ness.31 However, no effect on cell proliferation is detect-
ed.32 Thus, the function of CD34 and the molecular basis
for CD34-reactivity in hematopoiesis and in tumorigene-
sis remains unresolved.

Molecular mimicry among viral and host proteins are
thought to trigger a number of autoimmune disorders
including ankylosing spondylitis, Reiter’s syndrome, ce-
liac disease, multiple sclerosis, myocarditis, and glomer-
ulonephritis.35,37–39,48 An elegant example of binding
promiscuity is that of HIV anti-p24 monoclonal antibody,
which is capable of binding five unrelated polypep-
tides.37,38 Another example of antibody recognition of
unrelated targets is that of monoclonal A103, an antibody
that recognizes Melan-A/MART-1, a molecule initially

characterized as a melanoma-associated antigen for the
development of immunotherapy.49,50 Although mRNA
analysis reveals that Melan-A/MART-1 is not expressed in
normal adrenal, A103 reacts with normal and neoplastic
adrenal on immunohistochemistry.51–53 Shared epitopes
between unrelated proteins are thought to be responsible
for the observed immunohistological reactivity to Melan-
A/MART-1 in adrenal and steroid cells.52,53 A similar
mechanism could have been responsible for CD34 im-
munohistological reactivity in unrelated tumors. Anti-
CD34 antibodies have been classified into three groups
based on the epitopes of the protein with which they
react. Class I antibodies are sensitive to cleavage by
neuraminidase and glycoprotease, whereas class II an-
tibodies are removed only by glycoprotease. CD34 reac-
tivity by class I and II anti-CD34 antibodies can be abol-
ished in KG1a cells using a specific protease that
recognizes O-linked glycosylation sites, indicating that
these antibodies are dependent on carbohydrate moi-
eties for immunoreactivity.34 These carbohydrate side
chains may not be unique to the CD34 protein and could
function as cross-reacting antigenic determinants in un-
related tumors. CD34 immunohistological reactivity in soft
tissue tumors has been determined mostly using anti-
bodies such as MY10 (class I) and QBEND10 (class II),
which are directed against glycosidase sensitive
epitopes,13–16,18,20,22–24,54 –56 Anti-CD34 antibodies di-
rected against the protein backbone (class III) have
not been applied to soft tissue tumors, with the excep-
tion of DFSP.21

In the current study we tested the reactivity of the
anti-CD34 clone MY10 using immunohistochemistry and

Figure 3. Laser capture microdissection of epithelioid sarcoma showing frozen tissue section after laser pulsation (A), residual tissue after cap is lifted off from
the section (B), transfer film containing the selected tumor cells (C), and transfer film after elution of sample in SDS-containing sample buffer (D). Although the
fields of view are shifted, arrows indicate identical sites on panels A-C. E: Immunoblot of KG1a control lysate (lane 1), lysate of epithelioid sarcoma cells from
cap after microdissection (lane 2), lysate containing only overlying epidermis from the same frozen section devoid of tumor cells (lane 3), and lysate from an
area of similar size microdissected from CD34 immunohistologically nonreactive malignant GIST (case 3; lane 4). Lane M indicates protein molecular weight
markers.
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immunoblotting in a variety of nonhematolymphoid neo-
plasms. We found that all cases in which CD34-reactivity
was demonstrable by immunohistochemistry showed a
;110-kd band on immunoblots, with the exception of two
cases of DFSP, which showed double bands at ;110 kd.
These tumors include one epithelioid sarcoma, one of two
malignant GISTs, two SFTs, one of four DFSPs, one myo-
fibroblastoma, and two spindle cell lipomas. A malignant
GIST and a DFSP that showed no CD34 reactivity on
immunohistological stains failed to show the ;110-kd
band on immunoblots. These results indicate that CD34
immunohistological reactivity correlates with CD34 pro-
tein expression in these neoplasms. Northern blot or re-
verse transcription-polymerase chain reaction analysis of
mRNA expression could provide additional support for
this conclusion.

Of interest is that in two of the cases of DFSP, two
bands were detected on immunoblots instead of one.
Both bands were close to 110 kd as determined by the
KG1a control lysate. The bands were of identical molec-
ular weights in both cases of DFSP. The significance of
these two bands is unclear. Although they may reflect two
entirely different proteins recognized by anti-CD34 anti-
bodies, it is more likely that they represent two different
forms of the protein generated by alternatively spliced
mRNAs as shown in a murine system,33 or by posttrans-
lational modifications including glycosylation5,6,30,34 and
phosphorylation.31,47 The two bands also span the thick-
ness of the single bands observed in the lysates for
KG1a, SFTs, GIST, and spindle cell lipomas, suggesting
that the electromobility pattern encompasses several
species of the CD34 protein generated by posttrans-
lational modifications. Further analysis is needed to
clarify what these modifications might imply and also
whether different posttranslational modifications may
play a role in the expression of CD34 protein in differ-
ent neoplasms.

Our analysis on a microdissected epithelioid sarcoma
shows that the ;110-kd band is present in the sample
containing tumor cells, which excludes the possibility that
adjacent nonneoplastic cells are responsible for the im-
munoblot result. In addition, microdissection of tumor
cells from the epithelioid sarcoma away from a back-
ground rich in fat facilitated better characterization of the
protein band on immunoblots and confirmed that the
broad smear in the undissected tumor lysate was in fact
identical to the ;110-kd band from the KG1a control
lysate. The two cases of spindle cell lipoma also showed
broader bands compared to GIST, SFT, and DFSP, most
likely due to the high content of lipid within these tumors.

In summary, we have demonstrated that the CD34
immunohistological reactivity detected by anti-CD34 an-
tibodies in a variety of spindled cell and soft tissue tumors
correlates with the expression of the ;110-kd CD34 pro-
tein. Although we cannot formally exclude the possibility
that the different tumors tested in this study express
unrelated ;110-kd proteins recognized by anti-CD34 an-
tibodies on immunoblots, this supposition is highly un-
likely.
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