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A b s t r a c t

We analyzed 53 cases of diffuse large B-cell
lymphoma (DLBCL) to determine whether expression of
CD10 is a relevant biologic parameter. Tumor
morphologic features were assessed semiquantitatively.
Bcl-2 protein expression was studied by
immunohistochemical analysis. The presence or
absence of CD10 by flow cytometry was correlated with
clinical and pathologic characteristics. CD10+ (23
cases) and CD10– (30 cases) DLBCLs were
indistinguishable based on age, sex, extranodal
presentation, B symptoms, clinical stage, morphologic
features, or bcl-2 expression. However, cases with a
CD10+ phenotype showed a significantly lower rate of
complete remission. Cases expressing bcl-2 showed
trends toward a lower rate of complete remission and
poorer overall survival. Examination of CD10 and bcl-
2 interaction revealed that the prognostic effects for
both of these antigens were due to a subset of CD10+
bcl-2–positive cases. Compared with cases expressing
one or neither of these markers, patients with dual-
positive tumors had a poorer complete response rate to
initial therapy and strikingly worse overall survival.
While CD10+ and CD10– DLBCLs are similar with
regard to a variety of clinical and pathologic features,
CD10 and bcl-2 coexpressing tumors are an extremely
high-risk subset based on response to therapy and
overall survival.

Diffuse large B-cell lymphoma (DLBCL) is the most
common type of non-Hodgkin lymphoma (NHL) in Western
countries.1,2 DLBCL is a heterogeneous group from morpho-
logic, immunophenotypic, genetic, and clinical standpoints.
However, except for a few well-defined clinicopathologic
entities, most efforts to dissect distinct subgroups within the
DLBCL category have met with little success.3-8

CD10, a 100-kd type II cell surface glycoprotein, is
expressed on a wide variety of cell lineages, including
normal and neoplastic hematopoietic cells.9-12 The antigen is
expressed on normal germinal center cells,13-15 as well as on
the vast majority of follicular and Burkitt lymphomas,16-18

and on a high percentage of acute lymphoblastic
leukemias.19 Among CD5– small B-cell lymphomas, CD10
expression distinguishes tumors of follicle center and
marginal zone origin. In addition, CD10 is seen on a subset
of DLBCLs.

CD10 expression in DLBCL has been shown in a single
study to correlate with bcl-2 gene rearrangement,20 but the
latter has generally not been found to correlate with prog-
nosis.21-24 In contrast, bcl-2 protein expression in DLBCL
seems to affect response to therapy and survival.21-26 Expres-
sion of bcl-2 protein presumably prevents programmed cell
death and, thus, may have an important role in survival of
lymphoma cells.27-31 The present study was performed to
investigate the biologic relevance of CD10 in DLBCL based
on a variety of clinical and pathologic features and to
examine the relationship between both CD10 and bcl-2
expression and clinical outcome.
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Materials and Methods

Patients

All cases of CD5– DLBCL were identified in the clin-
ical flow cytometry database at the University of Texas
Southwestern Medical Center, Dallas, from April 1994 to
July 1999. Among 74 identified cases with histologic mate-
rial available for review, excluded were 15 cases with
evidence of previous or coexistent small B-cell lymphoma, 4
HIV-associated cases, and 1 case in which CD10 expression
could not be assessed by flow cytometry because of a lack of
isotypic control. One case of cutaneous DLBCL also was
excluded based on the indolent clinical behavior of this
entity compared with DLBCLs in other sites.32 The
remaining 53 cases demonstrated morphologic features
consistent with DLBCL. Patient follow-up information was
obtained by review of medical records and contact with
hospital tumor registries and patients’ physicians. Patients
were staged according to the Ann Arbor staging system.
Among 40 patients with clinical follow-up, 31 were treated
with cyclophosphamide, doxorubicin, vincristine, and pred-
nisone (CHOP); 6 received combined CHOP with radiation;
3 with advanced clinical stage received chemotherapy with
prednisone, doxorubicin, cyclophosphamide, etoposide,
cytarabine, bleomycin, vincristine, and methotrexate
(ProMace-CytaBom). Complete remission was defined as no
clinical evidence of disease. Overall survival was calculated
from the date of diagnosis.

Flow Cytometry

Fresh biopsy tissue was sliced and disaggregated
through a mesh smaller than 100 µm, and cells were
suspended in 5% newborn calf serum in RPMI 1640 tissue
culture medium. Cell counts were performed manually, and
500,000 cells per tube were washed with a phosphate
buffered saline (PBS)/0.0455% sodium azide/0.1% bovine
serum albumin solution (PAB) and then incubated with a 3-
or 4-color combination of antibodies. Antibodies against
CD2 (55.2), CD3 (SK7), CD4 (SK3), CD5 (L17F12), CD7
(4H9), CD8 (SK1), CD10 (W8E7), CD19 (SJ25C1), CD20
(L27), CD38 (HB7), CD45 (2D1), CD45RO (UCHL-1), and
monoclonal kappa (TB28-2) and lambda (I-155-2)
immunoglobulins were obtained from Becton Dickinson
(San Jose, CA). Antibodies against FMC7 (FMC7), CD23
(B6), and polyclonal immunoglobulins kappa (goat) and
lambda (goat) were obtained from Coulter-Immunotech
(Hialeah, FL). Anti-CD30 (BerH2) was obtained from
DAKO (Carpinteria, CA). These antibodies were conjugated
with fluorescein isothiocyanate (FITC), phycoerythrin (PE),
peridinin chlorophyll protein (PerCP), or allophycocyanin
(APC). CD10 expression was determined using one of the

following antibody combinations: CD10-FITC/CD38-
PE/CD20-PCP, or CD10-FITC/CD19-PE/CD20-PCP/CD38-
APC. Twenty microliters of CD10 antibody were used; this
amount was determined by previous titration studies.

Specimens were incubated at 2°C to –8°C in the dark
for 20 minutes, washed with PAB, and resuspended in 1%
paraformaldehyde in PBS. Flow cytometric data were
acquired using a 3-color FACScan (26 specimens) or 4-color
FACSCalibur (27 specimens) flow cytometry instrument
with CELLQuest software (Becton Dickinson). Data analysis
was performed using Paint-a-Gate Software (Becton Dick-
inson). Nonviable cells and debris were excluded based on
forward and orthogonal light scatter properties.

To assess antigen expression by the tumor population,
the same population was identified by scatter characteristics
in an isotypic control tube, and a 2% threshold was set on the
tumor population. CD10 positivity was assessed as an overt
qualitative shift of the tumor cell population (cluster) relative
to the same population beyond the isotypic control threshold.
For equivocal cases with dim or partial CD10 expression, a
cutoff of 10% of tumor cells beyond the isotypic control
threshold was considered positive.

Histologic and Immunohistochemical Studies

Initial diagnostic biopsy specimens were fixed in B-5
fixative and/or 10% neutral buffered formalin, embedded in
paraffin, and sectioned at 3 µm. Sections were stained with
H&E and evaluated without previous knowledge of results of
CD10 phenotype. Tumor morphologic features were assessed
for nuclear size (grade I, majority of cells with nuclei approx-
imating those of histiocyte nuclei; grade II, majority of cells
with nuclei at least 1.5-2 times the diameter of histiocyte
nuclei), pleomorphism (uniform vs pleomorphic), cytoplasm
(scant vs moderate/abundant), nuclear irregularity (slightly vs
markedly irregular), and prominence of nucleoli (inconspic-
uous/small vs prominent). Morphologic subtypes are illus-
trated in ❚ Image 1❚ . Morphologic scoring was performed at a
multiheaded microscope, and consensus was achieved among
observers (Y.X., R.W.M., K.H.M., and S.H.K.).

Immunohistochemical analysis was performed on the
paraffin sections of 48 cases with available blocks with
anti–bcl-2 monoclonal antibody (Dako, Glostrup, Denmark)
using a TechMate automated immunostainer (Ventana
Biotek, Tucson, AZ) and a standard streptavidin-biotin
peroxidase detection system. The sections were scored as
positive if more than 5% of the tumor cell population exhib-
ited cytoplasmic staining and as strongly positive if more
than 50% of tumor cells were stained.

Statistical Analysis

The categorical variables were analyzed with 2-tailed
chi-square tests. Continuous variables were analyzed with
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independent-sample t tests. Survival curves were plotted by
the method of Kaplan and Meier and compared by log-rank
tests.

Results

Patient Characteristics
The mean age of the 53 patients with de novo DLBCL

was 53 years (range, 3-92 years). There were 23 males and
30 females. Sixteen patients (30%) had B symptoms at the
time of the diagnosis. Twelve patients were diagnosed as
having clinical stage I disease, 11 as stage II, 6 as stage III,

and 16 as stage IV. In 8 cases staging information was not
available. Twenty-seven (51%) had a primary extranodal
presentation. There were no significant differences in CD10
expression (P = .21), bcl-2 expression (P = .68), CD10/bcl-2
coexpression (P = .32), clinical stage (P = .65), complete
remission (P = .65), or overall survival (P = .42) between
nodal and extranodal DLBCLs.

Comparison of CD10+ and CD10– DLBCL

Of the 53 cases, 23 cases (43%) were CD10+ and 30
(57%) were CD10– by flow cytometric immunopheno-
typing. The clinical characteristics of both groups of pa-
tients are compared in ❚ Table 1❚ . There were no significant

Am J Clin Pathol 2001;116:183-190     185© American Society of Clinical Pathologists

❚ Image 1❚ Tumor morphologic features. A, Uniform lymphoma cells with grade I nuclear size, round to slightly irregular nuclei,
prominent nucleoli, and scant cytoplasm. B, Uniform lymphoma cells with grade II nuclear size, irregular nuclei, prominent
nucleoli, and abundant cytoplasm. C, Uniform lymphoma cells with grade I nuclear size, markedly irregular nuclei, and small
nucleoli. D, Pleomorphic lymphoma cells with grade II nuclear size, prominent nucleoli, and moderately abundant cytoplasm.
(H&E, ×250)
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differences in age, sex, extranodal presentation, B symptoms,
or clinical stage between CD10+ and CD10– DLBCLs.

Morphologic Features

Cases in both groups were morphologically heteroge-
neous. The tumor cells were generally large with vesicular
nuclei and variable degrees of nucleolar prominence, cellular
pleomorphism, and nuclear irregularity. There were no
significant differences in cell size, pleomorphism, cytoplasm,
nuclear irregularity, and prominence of nucleoli between
CD10+ and CD10– cases by semiquantitative assessment
(Table 1).

Bcl-2 Expression

The expression of bcl-2 was determined by immunohis-
tochemical analysis in 48 cases. Of the 48 cases, 32 (67%)
showed expression of bcl-2 protein in tumor cells, and 22
(46%) of 48 exhibited high levels (>50% of tumor cells
staining) of bcl-2 protein. The number of bcl-2–positive
cases was similar in CD10+ and CD10– groups; the compar-
ison of bcl-2 protein expression by CD10 phenotype is
shown in Table 1.

Response to Therapy and Survival

Survival data were available for 40 cases with a median
follow-up period of 29 months (range, 2-40 months) for the
27 surviving patients. Information related to therapeutic
response was available for 39 cases. Of 15 patients with
CD10+ tumors, 7 (47%) achieved a complete remission. In
contrast, of 24 patients with CD10– tumors, 19 (79%) expe-
rienced a complete remission (P = .036) ❚ Table 2❚ . Patients
who did not achieve remission were either dead or had
persistent disease at last follow-up. Patients with CD10+
tumors showed a poorer overall survival, but this was not
statistically significant (P = .19), as shown in ❚ Figure 1❚ .
Patients with bcl-2–expressing tumors showed a trend
toward a lower rate of complete remission (58% vs 85%; P =
.09; Table 2). These patients also showed a trend toward a
poorer overall survival (P = .12) ❚ Figure 2❚ .

When the interaction of CD10 and bcl-2 expression was
explored, patients with dual expression of CD10 and bcl-2
were found to achieve a strikingly lower rate of complete
remission (12% vs 81%; P = .0003) and demonstrated a
significantly poorer overall survival (P = .007; median
survival: 8 months vs not yet reached) compared with those
with CD10+bcl-2–negative, CD10–bcl-2–positive, or
CD10–bcl-2–negative phenotypes (Table 2) ❚ Figure 3❚ ; the
latter 3 groups demonstrated virtually no difference in
response to therapy or survival (data not shown). Patients
with tumors coexpressing CD10 and bcl-2 showed a trend
toward a higher clinical stage (III-IV) (P = .06). There was
no significant difference in other clinicohistologic parame-
ters between CD10+bcl-2–positive and other DLBCL groups
❚ Table 3❚ .

It was recognized that patients with stage IV disease
were the largest group of patients in the study. Analysis of
stage IV disease revealed no association with CD10 (P =
.31). However, stage IV cases were more likely to express
bcl-2 protein (P = .02) than stages I through III and to
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❚ Table 1❚
Clinicohistologic Characteristics of Diffuse Large B-Cell
Lymphomas by CD10 Expression*

CD10+ CD10– P

Mean age (y) 50.3 54.9 .40
Sex .26

Male 12/23 (52) 11/30 (37)
Female 11/23 (48) 19/30 (63)

B symptoms .27
Absent 10/18 (56) 20/28 (71)
Present 8/18 (44) 8/28 (29)

Clinical stage .90
I-II 9/18 (50) 14/27 (52)
III-IV 9/18 (50) 13/27 (48)

Site of primary presentation .21
Nodal 14/23 (61) 13/30 (43)
Extranodal 9/23 (39) 17/30 (57)

Nuclear size .41
I 6/23 (26) 11/30 (37)
II 17/23 (74) 19/30 (63)

Pleomorphism .74
Uniform 12/23 (52) 17/30 (57)
Pleomorphic 11/23 (48) 13/30 (43)

Cytoplasm .26
Scant 12/23 (52) 11/30 (37)
Moderate/abundant 11/23 (48) 19/30 (63)

Nuclear irregularity .53
Slightly irregular 15/23 (65) 17/30 (57)
Markedly irregular 8/23 (35) 13/30 (43)

Nucleoli .88
Inconspicuous/small 11/23 (48) 15/30 (50)
Prominent 12/23 (52) 15/30 (50)

Bcl-2 protein expression
Positive (5% or more) 12/21 (57) 20/27 (74) .22
Strongly positive 10/21 (48) 12/27 (44) .83

(50% or more)

* Data are given as number of affected cases/total number (percentage) unless
otherwise indicated.

❚ Table 2❚
Comparison of Therapy Response by CD10 and/or bcl-2
Expression*

Complete Remission Relapse

CD10+ 7/15 (47) 0/7 (0)
CD10– 19/24 (79) 2/19 (11)

P .036
bcl-2 Positive 15/26 (58) 1/15 (7)
bcl-2 Negative 11/13 (85) 1/11 (9)

P .09
CD10+bcl-2 positive 1/8 (12) 0/1 (0)
CD10+bcl-2 negative/CD10–bcl-2 25/31 (81) 2/25 (8)

positive/CD10–bcl-2 negative†

P .0003

* Data are given as number of affected cases/total number (percentage) unless
otherwise indicated.

† Combined because of no difference in treatment response among these 3 groups.
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express both CD10 and bcl-2 (P = .02). The small number of
cases precludes meaningful multivariate analysis of the
effects of stage and CD10/bcl-2 coexpression on clinical
outcome.

Discussion

DLBCL is a clinically, morphologically, immunopheno-
typically, and genetically heterogeneous group of NHLs.
Although these tumors have been morphologically subclassi-
fied in the past, the subclassifications yielded low repro-
ducibility, and the morphologic variants have not shown
consistent differences in clinical behavior. Therefore, the
Revised European-American Lymphoma classification1

proposed the consolidation of the tumors into a single cate-
gory with the exception of primary mediastinal large B-cell

lymphoma and high-grade Burkitt-like B-cell lymphoma.
With modern treatment regimens, many patients with
DLBCL experience a long-term, disease-free remission,2,33,34

but a subset of DLBCLs seems to be more resistant to
chemotherapy, and patients who do not achieve complete
remission rapidly die. While clinical and laboratory charac-
teristics such as age, tumor stage, serum lactate dehydroge-
nase level, performance status, and number of extranodal
sites as defined by the International Prognostic Index may be
used for prognostic stratification,35 they yield little insight
into underlying biologic factors. Therefore, efforts to identify
variables to dissect DLBCL into distinct biologic categories
continue.36-39

CD10, a cell surface molecule used in the classification
of several types of NHL, was studied for potential usefulness
in the immunophenotypic subgrouping of DLBCLs in the
present study. CD5+ DLBCL was excluded based on
previous data indicating that CD5+ DLBCLs may behave
more aggressively and thus may represent a distinct clinico-
pathologic entity.36,39 Based on analysis of 53 CD5– de novo
DLBCL cases, we determined that CD10+ and CD10–
DLBCLs were indistinguishable on the basis of presenting
clinical features, morphologic features, and expression of bcl-
2 protein. However, cases with CD10 expression showed a
significantly poorer response to therapy, although no signifi-
cant impact on overall survival was noted in our cohort.

There has been little information on the clinical rele-
vance of CD10 expression in DLBCL reported in the litera-
ture. A study of 28 cases presented in abstract form demon-
strated a shortened overall survival duration in patients with
CD10+ DLBCL.38 In contrast, another study reported that
CD5–CD10– (33 cases) and CD5–CD10+ (19 cases)
DLBCLs did not differ in overall survival.33 However, a
lower portion of CD10+ cases was present in the latter study,
suggesting the possibility of methodologic differences in the

Am J Clin Pathol 2001;116:183-190     187© American Society of Clinical Pathologists

❚ Figure 1❚ Overall survival for CD10+ (n = 16) and CD10– (n =
24) diffuse large B-cell lymphomas. P = .19.
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❚ Figure 2❚ Overall survival for bcl-2–positive (n = 27) and bcl-
2–negative (n = 13) diffuse large B-cell lymphomas. P = .12.
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❚ Figure 3❚ Overall survival for diffuse large B-cell lymphomas
(DLBCLs) coexpressing CD10 and bcl-2 (n = 9) and DLBCLs
expressing one or neither of these markers (n = 31). P = .007.
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detection of CD10 expression. While previous studies have
suggested good concordance between CD10 by paraffin-
section immunohistochemical and flow cytometric
analyses,40,41 Xu et al42 found that paraffin-section immuno-
histochemical analysis for CD10 has a lower sensitivity
(75%) compared with multiparameter flow cytometry with
cluster analysis in DLBCL.

The effects of bcl-2 on clinical course have been widely
studied within many lymphoma types in the past. The inci-
dence of bcl-2 expression in DLBCL varies between 45% and
55% and overexpression of bcl-2 protein in DLBCL is associ-
ated with a decreased overall survival.21-26 It has been demon-
strated that bcl-2 overexpression is not always dependent on
bcl-2 gene rearrangement, but also is associated with a
number of different mechanisms.43,44 Consistent with the
findings of previous studies, we demonstrated that 60% of
cases expressed bcl-2 protein, with a high level of bcl-2
protein present in 46% of cases. There were trends toward
decreased response to therapy and overall survival in the bcl-
2–expressing DLBCLs (P = .09 and P = .12, respectively).
The lack of statistical significance for this relation may be
explained by the small number of cases and limited follow-up
period in our study. The bcl-2 expression in these DLBCL
cases was not related to the CD10 expression. However, when
the interaction of CD10 and bcl-2 was examined, it was seen
that a subset of CD10+bcl-2–positive cases demonstrated an

extremely poor response to therapy and overall survival.
Thus, while CD10 alone failed to demonstrate a significant
influence on overall survival, its role appeared clearly when
combined with bcl-2. It should be noted, however, that the
coexpression of CD10 and bcl-2 was associated significantly
with stage IV disease, possibly explaining the effect on prog-
nosis. A multivariate analysis of a large number of cases
would be required to assess whether the effect of coexpres-
sion of CD10 and bcl-2 is independent of clinical stage.

Recently, a subdivision of DLBCLs into germinal center
(GC) B-cell–like DLBCL and activated B-cell–like DLBCL
has been proposed using gene expression profiling,37 demon-
strating a better overall survival in patients with GC B-
cell–like DLBCL. CD10 was one of the selected genes
defining GC B-cell–like DLBCL, and CD10 messenger
RNA (mRNA) was expressed to a varying degree in all of
the GC B-cell–like DLBCL cases. Thus, the correlation of
GC B-cell–like DLBCL with a better overall survival
reported in that study seems to contradict the findings in the
present study. Since CD10 expression in gene expression
profiling was determined indirectly by mRNA level in cyto-
plasm, it may not correlate completely with the CD10
protein level on the cell surface detected by flow cytometry.
Furthermore, that study did not specifically address whether
CD10 mRNA was expressed to a significant extent in the
activated B-cell–like group, although it was generally stated

188 Am J Clin Pathol 2001;116:183-190    © American Society of Clinical Pathologists

❚ Table 3❚
Clinicohistologic Characteristics of Diffuse Large B-Cell Lymphomas by CD10 and bcl-2 Expression*

CD10+bcl-2 Positive CD10+bcl-2 Negative/CD10–bcl-2 Positive/CD10–bcl-2 Negative P

Mean age (y) 58.4 51.6 .38
Sex .87

Male 5/12 (42) 16/36 (44)
Female 7/12 (58) 20/36 (56)

B symptoms .36
Absent 6/11 (55) 23/33 (70)
Present 5/11 (45) 10/33 (30)

Clinical stage .06
I-II 3/11 (27) 20/33 (61)
III-IV 8/11 (73) 13/33 (39)

Site of primary presentation .32
Nodal 8/12 (67) 18/36 (50)
Extranodal 4/12 (33) 18/36 (50)

Nuclear size .27
I 2/12 (17) 12/36 (33)
II 10/12 (83) 24/36 (67)

Pleomorphism .74
Uniform 6/12 (50) 20/36 (56)
Pleomorphic 6/12 (50) 16/36 (44)

Cytoplasm .87
Scant 5/12 (42) 16/36 (44)
Moderate/abundant 7/12 (58) 20/36 (56)

Nuclear irregularity 1.00
Slightly irregular 7/12 (58) 21/36 (58)
Markedly irregular 5/12 (42) 15/36 (42)

Nucleoli .74
Inconspicuous/small 6/12 (50) 16/36 (44)
Prominent 6/12 (50) 20/36 (56)

* Data are given as number of affected cases/total number (percentage) unless otherwise indicated.
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that expression of no single gene completely segregated into
one DLBCL group or the other. It is unclear at present, there-
fore, whether CD10 is strictly a marker of GC differentiation
on DLBCL. Regardless, it seems to have biologic signifi-
cance in this subset of tumors.

Our study demonstrated that although CD10+ and
CD10– DLBCLs are similar with regard to a variety of clin-
ical and pathologic features, CD10 expression in de novo
DLBCL may have a negative impact on treatment response
and overall survival. Furthermore, we identified CD10 and
bcl-2 coexpressing DLBCL as an extremely high-risk subset
based on poor response to therapy and overall survival.
These findings suggest that further studies are warranted to
confirm the prognostic importance of these molecular
markers.
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