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Anaplastic lymphoma kinase-positive (ALK+) anaplastic large-cell lymphoma (ALCL) is characterized by expression of
oncogenic ALK fusion proteins due to the translocation t(2;5)(p23;q35) or variants. Although genotypically a T-cell
lymphoma, ALK+ ALCL cells frequently show loss of T-cell-specific surface antigens and expression of monocytic markers.
C/EBPβ, a transcription factor constitutively overexpressed in ALK+ ALCL cells, has been shown to play an important role in
the activation and differentiation of macrophages and is furthermore capable of transdifferentiating B-cell and T-cell
progenitors to macrophages in vitro. To analyze the role of C/EBPβ for the unusual phenotype of ALK+ ALCL cells, C/EBPβ
was knocked down by RNA interference in two ALK+ ALCL cell lines, and surface antigen expression profiles of these cell
lines were generated using a Human Cell Surface Marker Screening Panel (BD Biosciences). Interesting candidate antigens
were further analyzed by immunohistochemistry in primary ALCL ALK+ and ALK− cases. Antigen expression profiling
revealed marked changes in the expression of the activation markers CD25, CD30, CD98, CD147, and CD227 after C/EBPβ
knockdown. Immunohistochemical analysis confirmed a strong, membranous CD147 (EMMPRIN) expression in ALK+ ALCL
cases. In contrast, ALK− ALCL cases showed a weaker CD147 expression. CD274 or PD-L1, an immune inhibitory receptor
ligand, was downregulated after C/EBPβ knockdown. PD-L1 also showed stronger expression in ALK+ ALCL compared with
ALK− ALCL, suggesting an additional role of C/EBPβ in ALK+ ALCL in generating an immunosuppressive environment.
Finally, no expression changes of T-cell or monocytic markers were detected. In conclusion, surface antigen expression
profiling demonstrates that C/EBPβ plays a critical role in the activation state of ALK+ ALCL cells and reveals CD147 and
PD-L1 as important downstream targets. The multiple roles of CD147 in migration, adhesion, and invasion, as well as T-cell
activation and proliferation suggest its involvement in the pathogenesis of ALCL.
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Anaplastic lymphoma kinase-positive (ALK+) anaplastic
large-cell lymphoma (ALCL) is characterized by the translo-
cation t(2;5)(p23;q35) that juxtaposes the nucleophosmin
(NPM) gene to the ALK gene leading to the generation of the
chimeric protein NPM-ALK.1 Several signaling pathways,
including the JAK/STAT (Janus kinase/signal transducer and
activator of transcription) pathway, are activated by the
constitutive expression of the NPM-ALK fusion protein,
leading to proliferation, prolonged tumor cell survival,
cytoskeletal rearrangement, and cell migration.2 A central
target gene of the JAK/STAT signaling pathway is the
transcription factor C/EBPβ, which is overexpressed in ALK+

ALCL.3–6 C/EBPβ belongs to the CCAAT/enhancer binding
protein family of transcription factors and members of this
family have been related to cellular processes such as
differentiation of adipocytes and cells of the myelomonocytic
lineage,7,8 control of metabolism,9 inflammation,10,11 and
cellular proliferation.12 In particular, C/EBPβ has been shown
to play a role in the activation and differentiation of
macrophages.13,14 In this context, it is important to note that
C/EBPβ is capable of transdifferentiating B-cell and T-cell
progenitors in vitro, leading to loss of B- or T-cell-specific
markers and to a rapid and efficient reprogramming of these
cells to macrophages.15,16
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ALCL cells are supposed to derive from activated T cells, as
indicated by the presence of clonal TCR-gene rearrangements
and the expression of interleukin-2 receptor alpha (CD25)
and CD30, a member of the tumor necrosis factor receptor
superfamily.17,18 Despite the T-cell genotype, ALK+ ALCL
frequently demonstrates an unusual phenotype with loss of
most T-cell markers, of the T-cell receptor (TCR) and
associated molecules,19 as well as the unusual expression of
mono- and histiocytic surface antigens. The monocytic
markers CD13 and CD33 as well as CD68, and rarely the
myeloid antigen CD15 have been detected in ALCL cells20,21

and their expression is more prevalent in ALK+ ALCL.22

On the basis of the central role of C/EBPβ in ALK+ ALCL
pathogenesis and on the fact that C/EBPβ has the potential to
transdifferentiate thymocytes to macrophages, we wanted to
investigate whether the overexpression of C/EBPβ is respon-
sible for the unique phenotype of ALCL. Therefore, extensive
surface antigen expression profiles of two ALK+ ALCL cell
lines with and without specific knockdown of C/EBPβ were
generated and selected antigens further examined in primary
ALCL cases.

MATERIALS AND METHODS
Cell Culture and Patient Samples
The ALK+ ALCL (t(2;5)(p23;q35)-positive) cell lines
SUDHL-1, SUP-M2, and SR786; the ALK− ALCL cell line
Mac-1; the mantle cell lymphoma cell lines Rec-1, Jeko-1, and
Granta; the promyelocytic leukemia cell line HL-60; the
diffuse large B-cell lymphoma cell line SUDHL-4; the
multiple myeloma cell line KMS-12; the T-cell acute
lymphoblastic lymphoma cell line Jurkat; and the Burkitt
lymphoma cell line Raji were cultured as previously
described.3 HeLa and HEK293T cells were cultured in
DMEM (Invitrogen GmbH, Darmstadt, Germany) supple-
mented with 10% fetal bovine serum (FCS; PAA Laboratories
GmbH, Pasching, Austria) and 100 μg/ml penicillin/strepto-
mycin (Invitrogen). One hundred fifteen formalin-fixed,
paraffin-embedded ALCL primary samples (97 ALK+ and
18 ALK − ) were collected from the files of the Institute of
Pathology and Neuropathology, University Hospital Tübin-
gen, Germany, Institute of Pathology, University of Kiel,
Germany, and Department of Pathology, the American
British Cowdray Medical Center, Mexico City, Mexico. All
cases were comprehensively immunophenotyped, as part of
the diagnostic work-up, and were classified following the
recommendations of the World Health Organization classi-
fication for tumors of haematopoietic and lymphoid tissues in
ALK+ and ALK − ALCL.23

Immunohistochemistry
Immunohistochemistry (IHC) was performed on formalin-
fixed, paraffin-embedded tissue sections on the Ventana
Benchmark automated staining system (Ventana Medical
Systems, Tucson, AZ, USA) using Ventana reagents. Primary
antibody detection was carried out with the iView

diaminobenzidine detection kit (Ventana). ALCL primary
cases had been previously studied in paraffin sections with a
panel of antibodies to assess tumor cell phenotype. All cases
were stained for CD30 (Dako, Glostrup, Denmark, dilution
1:50), ALK (Dako, dilution 1:400), C/EBPβ (C-19; Santa Cruz
Biotechnology, Santa Cruz, CA, USA, dilution 1:200), and
CD147 (MEM-M6/1; Abcam, Cambridge, UK, dilution
1:1500). Eighty-one ALK+ ALCL cases were stained from
tissue microarrays, whereas 34 cases were stained from whole
sections. In addition, as control for the normal stain of
CD147, three tonsils and two lymph nodes were used. In
addition, 22 cases were stained for PD-L1 (28-8, Abcam,
dilution 1:50). The use of human tissue samples was approved
by the local ethics committee of the University of Tübingen
(approval 620/2011BO2).

Virus Production and Lentiviral Infection
For production of the replication-defective lentiviral virions,
the packaging cell line HEK293T was co-transfected with the
packaging plasmid pCMVΔR8.9, the envelope plasmid
containing the G-Protein of vesicular stomatitis virus and
the transfer vector (pFUGW).24 The transfer vector includes
the reporter gene EGFP driven by an internal ubiquitine-C
promoter and the specific shRNA under the control of the
human H1 promoter. The pFUGW derivate vectors with the
specific C/EBPβ-shRNA inserted were named ‘pF-C/EBPβ,’
vectors without the shRNA insert were called ‘pF-S.’ The
lentiviral infection of KiJK and Karpas 299 cells (1 × 106 cells
per ml) was performed in 12-well plates in the presence of
Polybren (8 μg/ml; Sigma, St Luis, MO, USA). Cells were
centrifuged at 800 g and 32 °C for 90 min. Subsequently the
cells were incubated for 24 h at 37 °C in a CO2 incubator.

Cytofluorimetric Analysis of Infected Cells
Three days after infection, transduction efficiency and cell
viability of infected cells and control cells were analyzed by
flow cytometry. Cells were washed in phosphate-buffered
saline (PBS; Applied Biosystems Foster City, CA, USA) and
resuspended in PBS with 5% FCS and 1 μg/ml Propidium
iodide (PI; Sigma, ST. Luis, MO, USA). Infected cells were
detected by means of GFP positivity and the percentage of
dead cells was determined using PI. Data were evaluated with
WinMDI 2.9 software.

RNA Isolation and Real-Time Quantitative PCR
RNA was extracted using the RNeasy Mini Kit (Qiagen,
Hilden, Germany) according to the manufacturer’s instruc-
tions. Five hundred nanograms of total RNA extracted from
the cell lines KiJK and Karpas 299 were transcribed into
cDNA using Superscript II reverse transcriptase (Invitrogen)
and a mix of Oligo(dT) primers (Promega, Madison, WI,
USA) and random hexamers (Roche Applied Science,
Penzberg, Germany) in a final volume of 20 μl. Real-time
quantitative polymerase chain reaction (RT-qPCR) was
performed using a LightCycler 480 System for detection

EMMPRIN expression in ALCL
J Schmidt et al

1096 Laboratory Investigation | Volume 97 September 2017 | www.laboratoryinvestigation.org

http://www.laboratoryinvestigation.org


(Roche). For the quantification of C/EBPβ, we used the
C/EBPβ gene expression assay from Applied Biosystems
(C/EBPβ: Hs00270923_s1; Foster City, CA, USA). TATA box-
binding protein was used as housekeeping gene as previously
described25. PCR was carried out using 4 μl cDNA with the
LightCycler 480 Probes Master (Roche) and uracil-DNA
glycosylase (Roche) in a 20 μl final reaction mixture. After
initial incubation at 40 °C for 10 min and 95 °C for 10 min,
samples were amplified for 55 cycles at 95 °C for 15 s,
followed by 1 min at 60 °C. Data were analyzed using the ΔCt

method as described elsewhere4. The average threshold cycle
(Ct) was determined from duplicates.

Isolation of CD3+ T Cells from Human Blood
Peripheral blood mononuclear cells were obtained from
human whole-blood samples using density gradient centrifu-
gation with FicoLite-H separation medium (Linaris,
Wertheim-Bettingen, Germany) according to the Miltenyi
Biotec protocol. The isolation of CD3+ cells was carried out
by positive selection with CD3 MicroBeads (Miltenyi Biotec
GmbH, Bergisch Gladbach, Germany) followed by magnetic
separation with a VarioMACS separator according to the
manufacturer’s instructions.

Human Cell Surface Marker Screening Panel
For generation of surface marker expression profiles of the
cell lines KiJK and Karpas 299, cells were analyzed for the
expression of 242 surface antigens using the BD Lyoplate
Human Cell Surface Marker Sceening Panel (BD Biosciences,
San Jose, CA, USA) according to the manufacturer’s protocol.

Cells were cultivated for 2 weeks to allow full development
of phenotypical changes induced from C/EBPβ knockdown.
To investigate the surface marker expression, transduced cells
were incubated with the reconstituted primary antibodies and
the Alexa Fluor 647-conjugated goat anti-mouse IgG and goat
anti-rat IgG secondary antibodies (Invitrogen) according to
the BD Lyoplate protocol. An amount of 1.55 × 105 (Karpas
299) and 3 × 105 (KiJK) cells were used per sample. All
samples were analyzed by flow cytometry (FACSCalibur, BD
Biosciences). Interpretation of the data was carried out with
WinMDI 2.9 to obtain the geometric mean value (gmv) of
each of the tested 242 surface antigens. According to the gmv,
surface marker expression was defined as follows: No
expression gmv: 1–5, weak expression gmv: 5–29, moderate
expression gmv: 30–49, and strong expression gmv: ≥ 50.

Western Blot Analysis
Cell lysis and immunodetection were performed as described4

and separation was done using a 4–12% SDS-acrylamide
gradient gel (Criterion XT 4–12% bis-tris gel; Bio-Rad,
Hercules, CA, USA). Protein extracts of CD3+ cells were
further concentrated using Amicon Ultra-2 10 K filter
membranes (Millipore, Schwalbach/Ts., Germany) according
to the manufacturer’s instructions. Immunoreagents used for
western blot were the mouse monoclonal CD147 antibody

HIM6 (1:100; BD Bioscience) and the mouse monoclonal
anti-α-Tubulin (1:5000; Sigma) as loading control.

RESULTS
Successful Knockdown of C/EBPβ
Two ALK+ ALCL cell lines, KiJK and Karpas 299, were
transduced with C/EBPβ shRNA or the empty vector. Flow
cytometric analysis for GFP showed that C/EBPβ shRNA was
effectively transduced into the cell lines with a high infection
rate of almost 100% (Supplementary Figure 1a). After 3 days,
C/EBPβ was successfully downregulated as demonstrated by
qPCR (Supplementary Figure 1b). Downregulation was
maintained over a period of 2 weeks as tested in preliminary
experiments (data not shown).

Expression Profiles of KiJK and Karpas 299
To analyze the influence of C/EBPβ on the phenotype of the
KiJK and Karpas 299 cells, surface antigen expression was
investigated using the Human Cell Surface Marker Screening
Panel. Empty virus (pF-S) infected KiJK and Karpas 299 cells
showed strong-to-moderate expression of CD25, CD30,
CD43, CD45, CD46, CD47, CD98, CD146, CD147, and
CD162 (see Supplementary Tables S1A and S2).

For several antigens, differential expression in the two cell
lines was observed (see Supplementary Table S1B). CD227
and CD274 were detected at higher levels in KiJK cells. Several
antigens could only be detected in Karpas 299 (CD4, CD18,
CD41b, and CMRF-56) or in KiJK cells (CDw93 and CD166),
respectively. Both Karpas 299 and KiJK showed a very strong
expression of human leukocyte antigens (HLA) of class I and
II but with a markedly stronger expression of both classes in
Karpas 299 cells.

Neither cell line showed expression of the T-cell-specific
αβ- and γδ-TCRs, nor of the TCR-associated CD3 antigen.
Expression of other T-cell-specific antigens, including CD2,
CD4, CD5, CD7, and CD8, was absent from KiJK cells,
whereas Karpas 299 cells only showed a weak expression of
CD4, CD4v4, and CD5 (see Supplementary Table S1C). Of
note, the monocytic surface antigens CD13, CD15, and CD33
were not detected in any of the cell lines (see Supplementary
Table S1D). A weak expression of CD63 (LAMP-3/MLA1)
was demonstrated in both cell lines and of CD123 (IL3R) and
CD15s (sialyl Lewis X) in KiJK cells.

The Activation Markers CD25, CD30, CD98, CD147,
CD227, and HLA Class I are Regulated by C/EBPβ
To identify surface antigens, which are potentially regulated
by C/EBPβ, we compared the geometric mean values of the
expressed antigens with the corresponding values in the
C/EBPβ shRNA-infected cells (pF-C/EBPβ). CD25 (IL-2-RA),
CD30 (Ki-1), CD98 (CD98HC and LAT), CD147 (EMM-
PRIN), CD227 (MUC1/EMA), CD274 (programmed death
ligand 1), CD305 (inhibitory leukocyte-associated Ig-like
receptor, LAIR-1), and HLA class I antigens were down-
regulated after C/EBPβ knockdown indicating regulation
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through C/EBPβ (Table 1). The strongest effect was seen for
CD25 (ratio pF-C/EBPβ/pF-S: 0.56) and CD30 (0.5) in
Karpas 299, and CD227 (0.54) in KiJK cells. Downregulation
of CD25 after C/EBPβ knockdown was also shown on mRNA
level in both cell lines (data not shown). Moderate down-
regulation was detected for CD98, CD147, CD227, and HLA-
A, -B, -C in Karpas 299 (CD98: 0.71; CD147: 0.74; CD227:
0.74; HLA-A, -B, -C: 0.76) and for CD98, CD147, CD30,
CD25, and HLA-A, -B, -C in KiJK cells (CD98: 0.77; CD147:
0.77; CD30: 0.8; CD25: 0.9; HLA-A, -B, -C: 0.86),
respectively.

CD147/Extracellular Matrix Metalloproteinase Inducer is
Strongly Expressed in Lymphoma/Leukemia Cell Lines
but Not in Normal CD3+ T Cells
CD147 (EMMPRIN) expression was studied further because
of its strong expression and regulation by C/EBPβ in ALK+
ALCL cell lines and its possible tumor biological significance.
Therefore, CD147 expression was analyzed by western blot in
several lymphoma and leukemia cell lines, as well as in
normal CD3+ T cells (Figure 1). Strong expression of the high
glycosylated (HG) active form was shown in ALK+ ALCL cell
lines (SUDHL-1, KiJK, Karpas 299, SUP-M2, and SR786), in
the ALK− ALCL cell line Mac-1 and in the B-cell lymphoma
cell lines (HL-60, SUDHL-4, KMS-12, and Raji). Weaker
expression of the HG-form was detected in the mantle cell
lymphoma (Rec-1, Jeko-1, and Granta), and the T-cell acute
lymphoblastic lymphoma cell lines (Jurkat). The low
glycosylated (LG) inactive form was strongly expressed in
Mac-1 and HeLa, and weakly expressed in SUDHL-4, Raji,
and Granta. In normal CD3+ T-cell samples, no expression of
CD147 was detected. The expression of CD147 was
investigated in normal tonsils and lymph nodes. In both
tissues, CD147 was weakly to moderately positive in the
germinal center B cells but negative in the B cells of the

mantle zone. Normal T cells were CD147 negative, corrobor-
ating the western blot findings (Figure 2a and b).

CD147 and PD-L1 Expression in ALK+ and ALK− ALCL
Primary Cases
All 115 ALCL cases were analyzed for CD147. ALK+ ALCL
cases were homogeneously CD147 positive with rather strong
(Figure 2c) or moderate (Figure 2d) membranous staining in
the tumor cells (86 cases). Only 11 cases revealed a weak
expression (Figure 2e). In contrast, ALK− ALCL showed
predominantly a weak expression (13 cases) with five cases
being strongly positive comparable to the ALK+ ALCL cases
(89 vs 28%, Po0.0001) (Figure 3). The ALK+ ALCL cases
were also CD30 and C/EBPβ positive (Figure 4, upper panel).
In contrast, ALK− cases were CD30 positive but C/EBPβ
negative (Figure 4, lower panel). Twenty-two ALCL cases
(10 ALK+ and 12 ALK − ) were also stained for PD-L1. The 10
ALK+ cases showed a strong homogeneous membranous
PD-L1 expression, whereas 10 of 12 ALK − ALCL showed
only a weak, heterogeneous expression (Figure 4). Two cases
showed strong expression comparable to the ALK+ cases.

Table 1 Surface antigens expressed in empty virus (pF-S) and C/EBPβ shRNA (pF-C/EBPβ) infected KiJK and Karpas 299 cells

Geometric mean values (ratio)

KiJK KiJK Karpas 299 Karpas 299
Antigen(s) pF-S pF-C/EBPβ pF-S pF-C/EBPβ

CD25 (IL2RA) 51 46 (0.9) 126 71 (0.56)

CD30 (TNFRSF8) 235 188 (0.8) 227 113 (0.5)

CD98 (4F2HC, 4F2LC) 216 166 (0.77) 209 149 (0.71)

CD147 (EMMPRIN) 220 169 (0.77) 239 178 (0.74)

CD227 (MUC1/EMA) 227 122 (0.54) 34 25 (0.74)

CD274 (PDCD1LG1) 50.9 44 (0.86) 25.39 14.48 (0.57)

HLA-A, -B, -C 223 196 (0.88) 402 306 (0.76)

Geometric mean values detected by flow cytometry represent the expression of the respective antigen. The corresponding ratio is given in brackets.

Figure 1 CD147 expression in different lymphoma and leukemia cell lines
and in CD3+ T cells. Western blot analysis of CD147 expression in
SUDHL-1, KiJK, Karpas 299, SUP-M2, SR786, Mac-1, Rec-1, Jeko-1, HL-60,
SUDHL-4, KMS-12, Jurkat, Raji, and Granta cells as well as in two different
CD3+ T-cell samples (A and B). The epithelial cell line HeLa was selected
as positive control for CD147 expression. Each lane contains 30 μg of
protein extract. Alpha-tubulin was used as a loading control. HG, high
glycosylated CD147 form (~40–70 kDa); LG, low glycosylated CD147 form
(~35 kDa).
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DISCUSSION
In this study, we analyzed the surface marker expression
profiles of two ALK+ ALCL cell lines with and without C/
EBPβ knockdown to investigate the role of this transcription
factor in the expression of lineage-specific and activation
markers in ALK+ ALCL. Knockdown of C/EBPβ revealed
regulation of activation markers but did not influence the
expression of lineage-specific surface markers, in the sense of
re-expression of T-cell markers or downregulation of
monocytic markers. Of the C/EBPβ-regulated antigens,
CD147 (EMMPRIN) was further investigated due to its
novelty and key role in T-cell activation, proliferation,
migration, invasion, and adhesion, and was found to be
strongly expressed in ALK+ ALCL primary tumors.

Analysis of the expression of 242 surface antigens with the
Human Cell Surface Marker Screening Panel revealed the lack
of most T-cell lineage markers in the two ALK+ ALCL cell
lines KiJK and Karpas 299, but also showed generally weak or
absent expression of monocytic markers, including those
which previously had been shown in primary ALCL cases.20,21

After knockdown of C/EBPβ, neither re-expression of T-cell-
specific antigens nor downregulation of monocytic markers
could be observed. Altogether, this indicates that C/EBPβ

expression alone is not responsible for the unusual phenotype
of ALK+ ALCL and that other factors are responsible for the
loss of T-cell surface antigens.

However, C/EBPβ knockdown did have an effect on the
surface antigen profile, resulting in downregulation of CD25,
CD30, CD98, CD147, CD227, CD274, CD305, and MHC
class I in both ALCL cell lines. Interestingly, all of these
antigens, except for MHC class I, are considered activation
markers, and some could play a role in suppression of the
anti-tumor T-cell response (CD274 and CD305).26–31 CD25,
CD30, CD98, and CD147 are upregulated in T cells as well as
in macrophages upon activation.26,27,29,32,33 CD227 (MUC1/
EMA), characteristically strongly expressed in ALCL, is also
upregulated upon T-cell stimulation and affects TCR-
mediated downstream signaling events.28,34 The mechanisms
for the observed downregulation of activation markers
following C/EBPβ-knockdown in ALCL remain to be
identified. Nevertheless, C/EBPβ is an important regulator
of cytokine production in macrophages, and ALCL has been
shown to produce a variety of pro-inflammatory
cytokines.35,36 This could indicate that knockdown of
C/EBPβ results in reduced secretion of pro-inflammatory

Figure 2 CD147 expression in normal lymph node and in primary ALK+ ALCL cases. (a) CD147 expression in normal lymph node is positive in germinal
center B cells. The B cells in the mantle zone and the normal T cells in the interfollicular area are negative (×50). (b) Higher magnification to show the
membraneous staining in the B cells (×200). (c) ALK+ ALCL case with strong (+++) expression of CD147 (×400). (d) ALK+ ALCL case with moderate (++)
expression of CD147 (×400). (e) ALK+ ALCL case with weak (+) expression of CD147 comparable to the expression of the B cells in the germinal centers.
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cytokines, which in turn leads to reduced autocrine stimula-
tion and downregulation of activation markers.

An interesting candidate antigen expressed by ALK+ ALCL
and regulated by C/EBPβ is CD147 or extracellular matrix
metalloproteinase inducer (EMMPRIN). Although CD147 is
upregulated in T cells upon activation, its expression was
rather strong in ALK+ ALCL cases when compared with
ALK− ALCL cases. CD147 is a transmembrane glycoprotein
of the immunoglobulin superfamily that can be heavily
glycosylated. Whereas unglycosylated CD147 has a molecular
weight of 27 kDa, there is a mature highly glycosylated form
(43–66 kDa), which is considered the biologically functional
form (HG), and an immature low glycosylated (32 kDa) form
(LG).37 CD147 is expressed in a wide variety of cell types
including hematopoietic (leukocytes, erythrocytes, and plate-
lets), epithelial, endothelial, and tumor cells. Recent studies
have shown that CD147 has multiple roles in T cells,
including development, activation, proliferation, migration,

adhesion, and invasion, which are also important steps for the
pathogenesis of various diseases.38 Interestingly, CD147 has
been proposed to be a marker of activated T-regulatory cells
(aTregs), which in addition express FoxP3 and high levels of
CD25.39 In fact, CD147 or EMMPRIN is expressed in a
variety of solid tumors,40 and has been previously detected in
ALCL by IHC.41 In this study, we now show that CD147 is
strongly expressed in ALK+ ALCL primary cases and that
there is a difference in the expression of CD147 between
ALK+ vs ALK− ALCL cases, further supporting the role of
C/EBPβ in the induction of CD147 expression.

One of the main functions of CD147 is the stimulation of
matrix metalloproteinase (MMP) production in stromal
cells.42–44 MMPs catalyze the degradation of extracellular
matrix proteins, which promotes cancer cell invasion and
metastasis by destroying basement membranes that serve as
natural barriers for tumor spread.45 Induction of MMP can be
considered an important oncogenic aspect of EMMPRIN

Figure 3 CD147 expression in primary ALK+ and ALK− ALCL cases. ALK+ ALCL cases (left) show a strong CD147 expression both in cases with diffuse
infiltration as in cases with sinusoidal infiltration. In contrast, ALK− ALCL cases (right) show a weaker expression of CD147 (upper panel × 400, lower
panel × 200, inset × 400).
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function. Another interesting function of CD147 is favoring
T-cell adhesion that might explain in part the characteristic
cohesive morphology of ALCL.

A further aspect of EMMPRIN function of special relevance
for ALK+ ALCL is the recent observation that the calcium-
binding protein S100A9 is a specific ligand of EMMPRIN and
enhances MMP production, migration, and invasiveness of
melanoma cells dependent on EMMPRIN binding.46 S100A9
is overexpressed in a variety of human neoplasms and has
been associated with promoting tumor cell invasion and
migration.47 In ALCL, we recently observed that S100A9 is
overexpressed both on RNA and protein level, and its
expression is directly regulated by C/EBPβ.5 This could
indicate that C/EBPβ plays a central role for ALK+ ALCL
progression by promoting both S100A9 expression and
signaling through CD147/EMMPRIN.

Another surface molecule with potential relevance for
ALCL pathogenesis modulated in its expression by C/EBPβ
knockdown, and with a differential expression in ALK+ and
ALK− ALCL is programmed death ligand 1 (PD-L1; CD274),
which has recently gained prominence as therapeutic target in
a variety of human neoplasms. Of interest, expression of
CD274 has previously been reported in ALCL cell lines, in
contrast to the majority of B-NHL and B-cell lymphoma cell
lines.30,48 In addition, it was shown in ALK+ ALCL that
expression of PD-L1 depends on NPM-ALK expression and
enzymatic activity.49 In accordance with these findings, we
could demonstrate that primary ALK+ ALCL cases strongly
express PD-L1, whereas ALK − ALCL cases show a generally
weak expression by IHC. This finding indicates that PD-L1
expression in ALCL cells can mediate suppression of anti-
tumor response. Accordingly, in co-cultures of irradiated
ALCL cells and allogeneic T cells, T-cell proliferation, and

IFN-γ secretion were markedly increased after addition of
blocking antibody against CD274.30

In conclusion, our study demonstrates that C/EBPβ
contributes to the activated phenotype of ALK+ ALCL cells
and may be involved in suppressing anti-tumor response
through induction of PD-L1 (CD274). The differential
expression of EMMPRIN (CD147) in ALK+ ALCL could
contribute to the oncogenic role of C/EBPβ by promoting
invasiveness through induction of MMP production, possibly
in conjunction with the C/EBPβ target gene S100A9. Further
functional studies are required to further elucidate the precise
role of EMMPRIN (CD147) in ALK+ ALCL.

Supplementary Information accompanies the paper on the Laboratory
Investigation website (http://www.laboratoryinvestigation.org)
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