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ORIGINAL ARTICLE

Is CD117 Expression Related with Plasma Cell
Differentiation, IRF4/MUM1 and CD38 Expressions in

Lymphoid Neoplasms?

Aim: In this study, we aimed to assess the expression of CD117 in a large series of both Hodgkin’s and non-
Hodgkin’s lymphoma, and to investigate the association between the expression patterns of CD117,
IRF4/MUM1, and CD38. 

Materials and Methods: A total of 237 lymphoma cases were selected and examined within six tissue
microarray paraffin blocks. Immunohistochemistry was performed using antibodies against CD117,
IRF4/MUM1 and CD38. 

Results: CD117 and IRF4/MUM1 immunoreactivity were seen in a subset of high-grade and low-grade B-cell
lymphomas, as well as T-cell lymphomas and classical type Hodgkin’s lymphomas. CD38 positivity was only
detected in 1% of diffuse large B-cell lymphoma and 66% of precursor B-lymphoblastic lymphoma, in addition
to myeloma cases. CD117 expression was not correlated with IRF4/MUM1 expression (P > 0.05). Two of
three CD38- positive cases were positive for CD117. 

Conclusions: These results suggest that CD117 expression can be seen in a subset of T- or B- cell lymphoid
neoplasms and plasma cell myelomas. It seems that there is no relation between the expression of CD117 and
plasma cell differentiation markers in lymphomas.  
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Lenfoid Neoplazmlarda CD117 Ekpresyonu, Plazma Hücre Diferansiasyonu,
IRF4/MUM1 ve CD38 Ekpresyonları ile İlişkili midir?

Amaç: Biz bu çalışmada, geniş bir Hodgkin ve non-Hodgkin lenfoma serisinde CD117 ekspresyonunu
değerlendirmeyi; CD117, IRF4/MUM1 ve CD38 ekspresyon patternleri arasındaki ilişkiyi araştırmayı
amaçladık. 

Yöntem ve Gereç: Toplam 237 lenfoma vakası seçildi ve bu vakalardan 6 adet doku mikroarray paraffin bloğu
hazırlandı. CD117, IRF4/MUM1 ve CD38 antikorları kullanılarak immunohistokimyasal inceleme yapıldı.

Bulgular: CD117 ve IRF4/MUM1 ekspresyonu bir grup düşük ve yüksek dereceli B hücreli lenfomalar yanında;
T hücreli lenfomalar ve Hodgkin lenfomalarda da gözlendi . CD38 pozitifliği, myeloma vakaları yanında diffüz
büyük B hücreli lenfoma’ların yalnızca % 1’inde ve prekürsör B lenfoblastik lenfoma’ların % 66’ında görüldü.
CD117 ekpresyonu, IRF4/MUM1 ekpresyonu ile korele bulunmadı (P > 0.05). CD38 pozitif 3 vakanın 2’sinde
CD117 pozitif bulundu. 

Sonuç: Bu bulgular, CD117 ekspresyonunun bir grup T veya B hücreli lenfoid neoplazmlarda ve plazma hücreli
myelomalarda görülebileceğini düşündürmektedir. Lenfomalarda, CD117 ekspresyonu ve plazma hücre
diferansiasyonu belirleyicileri arasında bir ilişki bulunmamıştır. 

Anahtar Sözcükler: CD117 ekspresyonu, lenfoma, CD38 reaktivitesi, plazma hücre diferansiasyonu,
IRF4/MUM1 ekspresyonu
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Introduction

The c-kit proto-oncogene (KIT, CD117) is a transmembrane tyrosine kinase that is
expressed in various cell types, including hematopoietic stem cells, germ cells, mast cells,
melanocytes and the interstitial cells of Cajal (1). CD117 expression has been
documented in a variety of neoplasms, including gastrointestinal stromal tumors (GIST),
germ cell tumors, mast cell neoplasms, and a variety of solid tumors. CD117 expression
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in malignant tumors is an important target for an
innovative therapeutical approach enrolling the kinase
inhibitor STI571. Mature B- and T-cells do not express
CD117, whereas a subset of mature natural killer cells do
(2). CD117 is expressed in a variety of hematopoietic
neoplasms, including acute and chronic myeloid leukemias
(1), granulocytic sarcomas (3), systemic mastocytosis (4),
T-cell acute lymphoblastic leukemia (5), and multiple
myeloma (6). However, there are contradicting results
with different antibodies regarding its expression in
lymphomas. To date, very rare cases of CD117-positive
diffuse large B-cell lymphoma with no activating
mutations of the c-kit gene have been reported. Similarly
controversial results have been obtained with Hodgkin’s
lymphoma, ranging from 0% to 52% (7). CD117
expression has also been reported in rare cases of
follicular lymphoma (8) and of mantle cell lymphoma
(9,10). 

The determination of plasma cell differentiation in B-
cell lymphomas is important for classification and
prediction of biologic behavior. IRF4/MUM1, as a marker
for a fraction of germinal center-B cells and plasma cells,
can be expressed on especially postgerminal center B-cell
lymphomas. Several lymphoid neoplasms may express
plasma cell-associated markers such as CD38, CD138 or
IRF4/MUM1. 

The aims of our study were to assess the expression
of CD117 in a series of both classical type of Hodgkin’s
and non-Hodgkin’s lymphoma (NHL) using tissue
microarray (TMA) technology and to investigate the
association between the expression of CD117 and plasma
cell-associated markers, such as IRF4/MUM1 and CD38. 

Materials and Methods

Patients

A total of 237 cases diagnosed according to the World
Health Organization (WHO) classification (11) were:
diffuse large B-cell lymphoma (DLBCL) (n = 104); chronic
lymphocytic leukemia/small lymphocytic lymphoma
(CLL/SLL) (n = 15); follicular lymphoma (FL) (n = 18);
mantle cell lymphoma (MCL) (n = 11); nodal marginal
zone lymphoma (MZL) (n = 7); Burkitt’s lymphoma (BL)
(n = 6); precursor B-lymphoblastic lymphoma (n = 3);
precursor T-lymphoblastic lymphoma (n = 4); peripheral
T-cell lymphoma (n = 13); mycosis fungoides (MF) (n =
8); classical type of Hodgkin’s lymphoma (CHL) (n = 45);

and anaplastic large cell lymphoma (ALCL) (n = 3). Six
cases of plasma cell myeloma (PCM) were also included. 

Immunohistochemistry

Surgical specimens were fixed in neutral buffered
formalin and embedded in paraffin. 4-5 μm thick tissue
sections stained with routine hematoxylin and eosin
(H&E) were reviewed. The six TMA paraffin blocks
containing 237 well-documented cases of CHL and NHL
were constructed using an instrument (Beecher
Instruments, Silver Spring, MD, USA). Tissue cores of 0.6
mm were punched. 

Immunohistochemistry was performed using
antibodies against CD117 (Novocastra, T595, 1:50) that
recognize an epitope on the extracellular domain of
CD117, IRF4/MUM1 (DAKO, Mum1p, 1:50), and CD38
(Neomarkers, Labvision, 38CO3, 1:100) with either
Zymed ABC Px Kit or Ventana Benchmark automated
immunostainer for secondary visualization. Negative
control was performed for each experiment. The
cytoplasmic expressions of CD117 and CD38 were scored
as positive or negative. IRF4/MUM1 expression was seen
in nuclear pattern and scored as positive or negative. 

Data Analysis

The results were evaluated by the Chi-square test. P
values less than 0.05 were considered significant.

Results

CD117, IRF4/MUM1 and CD38 expression profile of
the cases is demonstrated in Table 1. CD117
immunoreactivity was seen in 12 of 104 DLBCLs (11%)
(Figure 1A,C,D,F), 3 of 28 T-cell lymphomas (19%) (1
with ALCL, 2 with peripheral T-cell lymphoma) (Figure
2D,F), and 3 of 45 CHLs (7%) (Figure 2A,C). Other B-cell
NHLs showed different CD117 reactivity (2 of 15
SLL/CLLs, 4 of 18 FLs, 2 of 11 MCLs, 1 of 7 nodal MZLs,
2 of 6 BLs, 2 of 3 precursor B-lymphoblastic
lymphomas). Four of 6 PCM cases were positive for
CD117 (Figure 3A,C). All precursor T-lymphoblastic
lymphoma and MF cases were negative for CD117. 

IRF4/MUM1 expression was seen in 40 of 104 DLBCLs
(38%) (Figure 1B,E), 35 of 45 CHLs (78%) (Figure 2B),
2 of 18 FLs (11%), 1 of 11 MCLs (9%), 1 of 7 nodal MZLs
(14%), 6 of 13 peripheral T-cell lymphomas (46%), and 2
of 3 ALCLs (67%) (Figure 2E). Six cases of PCM showed
IRF4/MUM1 expression (Figure 3B).
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Table 1. CD117, MUM1 and CD38 expression status of the cases.

Lymphoma Punches (n) Evaluable CD117 (+) MUM1 (+) CD38 (+)
(n) cases (n) (n,%) (n,%) (n,%)

DLBCL 198 104 12 (11%) 40 (38%) 1 (1%)
FL 35 18 4 (22%) 2 (11%) 0
CHL 96 45 3 (7%) 35 (78%) 0
PTCL,NOS 31 13 2 (15%) 6 (46%) 0
SLL/CLL 28 15 2 (13%) 0 0
BL 13 6 2 (33%) 0 0
PBLBL 6 3 2 (66%) 0 2 (67%)
PTLBL 9 4 0 0 0
MCL 21 11 2 (18%) 1 (9%) 0
Nodal MZL 13 7 1 (14%) 1 (14%) 0
ALCL 8 3 1 (33%) 2 (67%) 0
MF 21 8 0 0 0

Total 527 237 35 (14%) 87 (36%) 3 (1%)

DLBCL: diffuse large B-cell lymphoma; FL: follicular lymphoma; CHL: classical type of Hodgkin’s
lymphoma; PTCL, NOS: peripheral T-cell lymphoma, unspecified; SLL/CLL: small lymphocytic
lymphoma/chronic lymphocytic leukemia; BL: Burkitt’s lymphoma; PBLBL: precursor B-lymphoblastic
lymphoma; PTLBL: precursor T-lymphoblastic lymphoma; MCL: mantle cell lymphoma; MZL: marginal
zone lymphoma; ALCL: anaplastic large cell lymphoma; MF: mycosis fungoides.

Figure 1. A case of diffuse large B-cell lymphoma. (A, D): Hematoxylin and eosin (H&E) staining (×100,
×400). CD117 (C, F) and MUM1 (B, E) positivity of the tumor cells (×200, ×1000).



Turk J Med SciCD117, CD38 and IRF4/MUM1 Expressions in LymphomasKAYGUSUZ, G et al.

514

Figure 2. Atypical Reed-Sternberg cells in classical type of Hodgkin’s lymphoma (H&E, ×400) (A),
expressing IRF4/MUM1 (×400) (B) and CD117 (×400) (C). Neoplastic cells in an anaplastic
large cell lymphoma case (H&E, ×200) (D), expressing IRF4/MUM1 (×1000) (E) and CD117
(×1000) (F).

Figure 3. Neoplastic plasma cells (H&E, ×400) (A), stained with IRF4/MUM1 (×1000) (B) and CD117 (×1000) (C).
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Only 3 cases, 1 with DLBCL and 2 with precursor B-
lymphoblastic lymphoma, showed CD38 expression in
addition to myeloma cases.

CD117 expression was not correlated with
IRF4/MUM1 expression (P > 0.05). Two of 3 CD38-
positive cases were positive for CD117 (P = 0.006, kappa
value = 0.099). 

Discussion

Although there are a limited number of studies,
controversial results with different antibodies for CD117
have been obtained with CHLs and NHLs. CD117
immunoreactivity in CHLs has been reported, ranging
from 0-52% (2,7,12). Our results confirm the previous
reports of the rarity of CD117 expression in CHLs (7%).

CD117 expression seems to be rare in DLBCL.
Recently, Zimpfer et al. (2) and Vakiani et al. (10)
reported a lack of CD117 expression by using A4502
antibody in 385 and 74 cases of DLBCL, respectively,
whereas Vakiani et al. found 21 CD117-positive cases by
using Ab-1 antibody in the same study. We identified 12
cases of CD117-positive DLBCL (11%) with monoclonal
T595 antibody in our series. 

Only rare cases of CD117-positive low-grade B-cell
NHL have been reported. CD117 reactivity was
determined in rare cases of MCL (9), a single case of FL
with t(14:18) (8), and 2 cases of CLL and 1 with MZL (1).
In our series, we found 2 cases of CLL/SLL, 4 cases of FL,
2 cases of MCL, and 1 case of nodal MZL expressing
CD117. In another study, 11 of 16 ALCLs (69%) and 1
of 7 (14%) BLs were positive for CD117 (7), while
Tomeczkowski et al. (14) reported 7 CD117-negative
BLs. We determined that 1 case of ALCL and 2 cases of
BL were CD117-positive. It seems that the main
explanation for the different results on CD117
immunohistochemistry in lymphomas is the use of
different antibodies for CD117. 

To date, there is no reported case of CD117-positive
precursor B-lymphoblastic lymphoma. In our study,
CD117 expression was found in 2 of 3 precursor B-
lymphoblastic lymphomas. It has been reported that a
subset of peripheral T-cell lymphomas can express
CD117, by carrying c-kit mutations in exon 11 and 13
(1). Brauns et al. (16) reported that primary cutaneous
CD30-positive ALCLs, primary cutaneous T-cell
lymphomas and MF cases may express CD117 as well. In

the current study, CD117 positivity was seen in 2 of 13
cases of peripheral T-cell lymphomas and 1 case of ALCL,
consistent with the previous findings. 

There are a few studies in the literature addressing
CD117 expression in PCM. The clinical implications of
CD117 expression in PCM have not been reported thus
far. CD117 immunoreactivity has been reported in PCM,
ranging from 3-35%, by immunohistochemistry (17-19).
We found that 4 of 6 PCM cases showed CD117
immunoreactivity.

Hematolymphoid neoplasms showing plasma cell
differentiation range from low-grade B-cell lymphomas to
PCM. Previous studies have also suggested that plasma cell
differentiation may occur in CHL (20). The determination
of plasma cell differentiation in B-cell lymphomas is
important for classification and prediction of biologic
behavior. The markers generally used for detecting plasma
cell differentiation are CD38, CD138, and VS38.
IRF4/MUM1, as a marker for a fraction of germinal center-
B cells and plasma cells, can be expressed on especially
postgerminal center B-cell lymphomas and activated T-cells
(21). There are studies in the literature examining the
prognostic impact of IRF4/MUM1 expression in CHL,
CLL/SLL and DLBCL (24-26). IRF4/MUM1 is expressed in
most of the CHLs (22,23). In this study, IRF4/MUM1
expression was found in 78% of CHLs and 38% of DLBCLs,
consistent with the other reports. In agreement with our
findings, a limited number of studies have demonstrated
IRF4/MUM1 expression in several T-cell lymphomas,
including ALCL and some peripheral T-cell types, in addition
to PCMs (27,28). To date, there is no study examining the
relation between CD117 expression, plasma cell
differentiation and IRF4/MUM1 expression by
immunohistochemistry in lymphomas. In the current study,
CD117 expression was not correlated with IRF4/MUM1
expression in lymphomas (P > 0.05). CD38 and CD117
double expression was seen in only 2 of 3 CD38-positive
cases (P = 0.006, kappa value = 0.099). Even if this result
was statistically significant, it is difficult to interpret this
finding as suggestive for a significant relation between
these two markers. Although CD38 and IRF4/MUM1 are
expressed in a certain type of B cells and related
malignancies, the number of CD38-positive cases in this
series is not enough to build such a relation. 

We confirm that CD117 expression can be seen in a
subset of T- or B-cell lymphoid neoplasms and PCMs. The
significance of CD117 expression in these cases is unclear.
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In our series, since the quantification of CD117 mRNA
levels was not done due to the lack of frozen tissue, we
could not compare the results of immunohistochemistry
and mRNA levels. The contradicting results published
regarding CD117 expression on paraffin-embedded
tissues in lymphomas might be explained by: (i) using
different commercial antibodies for CD117, (ii) using

different tissues, such as bone marrow and lymph node,
and (iii) using different methods for comparisons of
results, such as flow cytometry, etc. 

Most of the CHLs and some of the T- and B-cell
lymphomas may show IRF4/MUM1 expression. Our
results suggest that CD117 expression is not associated
with IRF4/MUM1 expression in lymphoid neoplasms.
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