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Receptor tyrosine kinases MET and RON (MST1R) form non-
covalent complexes on the cell surface, a critical step in tumor
progression. A recent study suggested a prognostic role for MET
expression in diffuse large B-cell lymphoma (DLBCL). The aim of
this study was to examine the impact of MET and RON expres-
sion in uniformly treated DLBCL patients. The expression of MET
and RON was retrospectively examined by immunohistochemistry
in 120 DLBCL patients treated with rituximab combined with a
CHOP regimen (cyclophosphamide, doxorubicin, vincristine, and
prednisone). The median follow-up time was 42.5 months (range,
1–89 months). Thirty-two (26%) and 30 patients (25%) expressed
MET or RON, respectively. Seventy-five patients (62.5%) were
negative for both MET and RON (MET�RON�). MET negativity
was associated with worse overall survival (P = 0.029). In multi-
variate analysis, negativity for both MET and RON (MET�RON�)
was strongly associated with inferior overall survival (P = 0.008).
Interestingly, the MET�RON� phenotype retained its prognostic
impact after subgroup analysis according to the international
prognostic index or by the cell of origin by immunohistochemical
algorithm by Choi et al. This study suggests that the MET�RON�

phenotype is an independent prognostic factor in DLBCL patients
receiving R-CHOP, and may identify a subgroup of DLBCL patients
who require more intensive therapy. (Cancer Sci 2013; 104: 1245–
1251)

D iffuse large B-cell lymphoma (DLBCL), the most com-
mon subtype of lymphoid neoplasm, is an aggressive

tumor with heterogeneous clinical behavior.(1,2) When ritux-
imab, cyclophosphamide, doxorubicin, vincristine, and predni-
sone (R-CHOP) became the standard treatment for DLCBL,
prognosis significantly improved.(3,4)

Despite important advances in treatment, 40% of patients
with DLBCL will relapse within a short time after initial
remission and will eventually die as a result of the disease.
The standard stratification system for survival in patients with
DLBCL is the international prognostic index (IPI), but it does
not represent the biologic spectrum of DLBCL. Several bio-
logic factors have been proposed as predictors of clinical out-
come in DLBCL patients, including Bcl-2, Myc, LMO2,
mutated p53, vascular endothelial growth factor receptor-2,
hypoxia-inducible factor-1a, Ki-67, and CD5.(5) However, their
prognostic value in patients with DLBCL has not been conclu-
sively determined.
The receptor tyrosine kinase MET is implicated in tumor

cell proliferation, survival, invasion, and metastasis through a
paracrine system involving its ligand, hepatocyte growth factor
(HGF).(6) However, other studies indicated that the HGF ⁄MET
pathway has an antiproliferative effect in malignant tumors.(7–9)

Previous studies show that MET is overexpressed in gastric,
colon, ovary, kidney, and thyroid carcinomas.(10) MET and
HGF expression levels have prognostic significance in many
malignant tumors.(11–13)

A receptor tyrosine kinase with homology to MET, RON
(MST1R), is involved in tumor progression and metasta-
sis.(14,15) RON is overexpressed in human epithelial malignan-
cies,(16,17) and the expression of RON is associated with poor
clinical outcome in breast(18) and gastroesophageal cancer.(19)

Both MET and RON have been detected in human DLBCL
tissue.(20,21) Recently, MET expression was reported to be a
prognostic factor in DLBCL, but results are conflicting.(20,22)

Although a relationship between RON and MET is observed in
several malignancies,(23,24) no study has examined their prog-
nostic significance in DLBCL. Furthermore, no attempts have
been made to validate the prognostic significance of MET and
RON in a large cohort of uniformly treated patients. Thus, the
aim of the present study was to determine the clinical signifi-
cance of MET and RON protein expression in patients with
DLBCL receiving R-CHOP therapy.

Materials and Methods

Patients. The present report comprised a retrospective study
of 120 patients with DLBCL diagnosed at Asan Medical Cen-
ter (University of Ulsan College of Medicine, Seoul, Korea)
between 2004 and 2011. All the patients met the following
criteria: pathologically confirmed DLBCL; treatment with an
R-CHOP regimen; no previous treatment with biologic therapy
or chemotherapy; no previous history of malignancy; and
absence of HIV infection. Paraffin-embedded tumor tissues
and follow-up data were available for all included patients.
Clinical information, including age, gender, stage (using the

Ann Arbor system), presence or absence of B symptoms, IPI,
performance status, extranodal site involvement, serum lactate
dehydrogenase levels, and survival data were obtained from
patients’ medical records. The median follow-up time for
surviving patients was 42.5 months (range, 1–89 months).
Responses were assessed using Cheson’s criteria.(25) Routine
follow-up imaging analyses were carried out every 3 months
for the first 2 years, every 6 months for the next 3 years, and
then annually (or whenever clinically indicated) thereafter. The
present research was approved by the Internal Review Board
of the Asan Medical Center.

Histopathological analysis and immunohistochemistry. Histo-
logical data from all patients was reviewed by three pathologists
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(JH, YWK, and HSH). Histological subtype was determined
according to World Health Organization criteria.
A representative tumor paraffin block was collected from

each case, and three tumor cores (1 mm in diameter) were
obtained with a trephine apparatus (Seoungkohn, Seoul,
Korea). Trephinated tissue cores were consecutively placed in
tissue array molds (Seoungkohn), which were filled with liquid
paraffin and cooled.
An immunohistochemistry protocol for formalin-fixed, paraf-

fin-embedded tissue sections was carried out using an auto-
matic staining device (Benchmark XT; Ventana Medical
Systems, Tucson, AZ, USA). Briefly, 5-lm-thick sections were
transferred onto poly-L-lysine-coated adhesive slides and dried
at 62°C for 30 min. After standard heat epitope retrieval for
30 min in EDTA (pH 8.0) in the autostainer, the samples were
incubated with antibodies against cleaved CD10 (1:50 dilution;
Novocastra, Newcastle, UK), Bcl-6 (1:100 dilution; Cell Marque,
Rocklin, CA, USA), FOXP1 (1:500 dilution; Abcam, Cam-
bridge, UK), GCET1 (1:25 dilution; Abcam), MUM1 (1:50
dilution; Dako, Glostrup, Denmark), Ki-67 (1:100; Zymed
Laboratories, San Francisco, CA, USA), MET (1:50 dilution;
Santa Cruz Biotechnology, Santa Cruz, CA, USA), or RON
(1:25 dilution; Santa Cruz Biotechnology). The sections were
subsequently incubated with biotinylated anti-mouse immuno-
globulin, peroxidase-labeled streptavidin (LSAB kit; Dako),
and 3,3′-diaminobenzidine. Slides were counterstained with
Harris hematoxylin.
Various cut-off points for MET and RON expression were

examined (from the 10th to the 35th percentile, in 5% incre-
ments; i.e., 10%, 15%, 20%, 25%, 30%, and 35%) (Table S1).
The most significant difference in overall survival (OS) was
observed at a cut-off of 30% for MET and RON, using the
log–rank test. All interpretations of MET and RON staining
patterns were carried out by a colleague blinded to the
patients’ clinical outcomes. Immunoperoxidase results for
CD10, Bcl-6, FOXP1, GCET1, and MUM1 were used to clas-
sify the cases into germinal center B-cell-like (GCB) or non-
GCB DLBCL according to the algorithm by Choi et al.,(26) as
previously described.

Statistical analysis. Overall survival was defined as the time
between the date of diagnosis and the date of death from any
cause. For still-living patients, the OS was considered the time
between the diagnosis and the latest follow-up date. The OS
was analyzed with Kaplan–Meier curves, which were com-
pared by log–rank testing.
Multivariate prognostic analyses were carried out on OS data

with the Cox proportional hazards regression model. Categori-
cal variables were compared using the v2-test. Continuous
variables were compared using the Mann–Whitney U-test. All
statistical analyses were carried out using the SPSS statistical
software program (version 18.0; SPSS Inc., Chicago, IL,
USA). P < 0.05 was considered statistically significant.

Results

Patient characteristics. The clinical characteristics of the 120
patients included in the present study are summarized in
Table 1. Patients ranged in age from 25 to 83 years (median,
59 years). 32 patients experienced death during the course of
the study. The estimated 5-year OS was 67.2%.

MET and RON protein expression in DLBCL tissue. Thirty-two
(26%) and 30 patients (25%) showed cytoplasmic or membra-
nous positivity for MET or RON, respectively (Fig. 1a,b).
Coexpression of MET and RON in tumor cells was observed in
15 cases (12.5%). Fifteen cases (12.5%) showed MET expres-
sion only, 15 cases (12.5%) showed RON expression only, and
75 (62.5%) cases were negative for both MET and RON.
Neither MET nor RON expression was associated with any of

the clinicopathological factors evaluated (Table S2). There was
no correlation between MET and Ki-67 expression (P = 0.658)
or between RON and Ki-67 expression (P = 0.912).

Prognostic significance of MET and RON protein expres-
sion. Negativity of MET protein expression was associated
with lower 3-year OS (69.9% vs 89%, P = 0.029; Fig. 2a).
Negativity of RON protein expression was associated with a
trend toward a lower 3-year OS rate, but this did not reach sta-
tistical significance (71.6% vs 88.2%, P = 0.191; Fig. 2b)
To evaluate the relative importance of MET and RON, the

dichotomized MET and RON data was combined, and
patients were stratified into four groups (MET+RON+,
MET�RON+, MET+RON�, and MET�RON�). Patients with
tumors negative for both proteins (the MET�RON� pheno-
type) had significantly worse OS (P = 0.033; Fig. 2c) than
patients with the other expression patterns. Because the sur-
vival curves of the MET+RON+ and the single-positive
groups converged, expression patterns were categorized into
two groups, MET�RON� and MET+ or RON+. The
MET�RON� phenotype was associated with worse OS than
either the MET+ or the RON+ phenotype (3-year OS, 66.7%
vs 92.3%, P = 0.005; Fig. 2d). The MET�RON� phenotype
included more patients receiving chemoradiotherapy (20% vs
4.4%, P = 0.028) compared with either the MET+ or RON+

phenotype (Table S3).
To further assess the prognostic value of MET and RON

expression, subgroup analyses were carried out according to
IPI and the cell of origin using Choi’s algorithm. In the low
IPI group (<3), cases with a MET�RON� phenotype showed a
worse OS rate than cases with either a MET+ or a RON+ phe-
notype (P = 0.086; Fig. 3a). In the high IPI group (≥3), cases
with a MET�RON� phenotype also had an inferior OS rate
(P = 0.04; Fig. 3b). In the GCB group, a MET�RON� pheno-
type showed a worse OS rate than cases with either a MET+

or RON+ phenotype, (P = 0.069; Fig. 3c). In the non-GCB
group, cases with MET�RON� phenotype was also associated

Table 1. Demographic and clinical characteristics of patients with

diffuse large B-cell lymphoma (DLBCL) treated with R-CHOP (n = 120)

Characteristic at diagnosis No. of patients (%)

Age, median (range, years) 59.5 (25–83)

Male gender 75 (62.5%)

Performance status ≥2 10 (8.3%)

Histologic subtype

DLBCL, NOS 113 (94.2%)

T-cell ⁄ histiocyte-rich DLBCL 6 (5.0%)

EBV-positive DLBCL of the elderly 1 (0.8%)

Ann Arbor stage

I 17 (14.2%)

II 44 (36.7%)

III 16 (13.3%)

IV 43 (35.8%)

LDH ≥250 U ⁄ L 55 (45.8%)

B symptoms present 19 (15.8%)

Extranodal site involvement ≥2 35 (29.2%)

International prognostic index ≥3 (high risk) 39 (32.5%)

GCB type 50 (41.7%)

Primary treatment

R-CHOP + radiotherapy 17 (14.2%)

R-CHOP 103 (85.8%)

EBV, Epstein–Barr virus; GCB, germinal center B-cell-like; LDH, lactate
dehydrogenase; NOS, not otherwise specified; R-CHOP, rituximab plus
cyclophosphamide, doxorubicin hydrochloride, vincristine, and pred-
nisolone cyclophosphamide.
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with an inferior OS rate (P = 0.032; Fig. 3d) compared to
either MET+ or RON+ cases.
In univariate analysis, IPI shows a marginal significance for

OS (Table 2). In multivariate analysis, a MET�RON� pheno-
type was an independent prognostic marker for OS, along with
a high-risk IPI and a non-GCB type (Table 3).

Discussion

In this analysis of 120 DLBCL samples from patients receiv-
ing R-CHOP therapy, survival analysis reveals that MET
expression is a favorable prognostic factor for OS. Interest-
ingly, negativity for both MET and RON (the MET�RON�

phenotype) was strongly associated with poor OS in a multi-
variate analysis. Subgroup analysis showed that the
MET�RON� phenotype predicts high-risk DLBCL patients,
independently of the IPI or the cell of origin. Therefore, cases
showing a MET�RON� phenotype warrant closer and more
meticulous follow-up examination. Limitations of this study
include the retrospective nature of the study design, the short
follow-up period, and the relatively small sample size.
One previous study also reported the favorable impact of

MET expression in the prognosis of patients with DLBCL.(20)

However, the patients’ chemotherapy regimens were not speci-
fied in that study. Here, we confirm the favorable prognostic
impact of MET expression. We also carried out a survival
analysis in patients who received CHOP. In CHOP-treated
patients, RON expression was associated with better OS
(Fig. 4a); however, MET expression was not correlated with
OS (Fig. 4b). CHOP-treated patients negative for both MET
and RON (the MET–RON– phenotype) had a worse OS by uni-
variate analysis (Fig. 4c); however, it did not retain prognostic
significance in the multivariate analysis (Table S4).
In stark contrast to our results in DLBCL, MET and HGF

expression have been associated with unfavorable survival out-
comes in solid malignancies,(11–13,27–29) although a few studies
reported a favorable prognostic impact for MET.(20,30) Expres-
sion of RON is also an unfavorable predictor of outcome in
various malignancies.(19,31) The favorable prognostic impact of
the expression of MET and RON shown in our study and the
study by Uddin et al.(20) raises the question of the mechanism
of action of these molecules in lymphomagenesis. Uddin et al.
ascribed the superior survival of MET-positive DLBCL to
increased sensitivity to chemotherapy because of higher prolif-
eration rates of MET+ cases in their series, as shown by the
Ki-67 labeling index. In the present study, however, the Ki-67
proliferation index was not associated with MET or RON. The
reason for this discrepancy is unknown. As the cases in the
study by Uddin et al. were not stratified by treatment, differ-
ences in the patient population may be one explanation. Fur-
thermore, although it is well known that deregulation of the
MET ⁄HGF pathway plays an important role in unchecked
overproliferation, previous studies have reported an antiprolif-
erative effect of HGF on melanoma and hepatocellular carci-
noma cell lines, suggesting an antitumor effect for this growth
factor.(7) A marked inhibition of cell growth after treatment
with HGF was also noted in other epithelial malignancies.(8,9)

Therefore, HGF ⁄MET signaling can have opposing roles in
cell growth and apoptosis in malignant tumors. Furthermore, in
a recent study, pediatric B-cell acute lymphoblastic leukemia
cells prestimulated with HGF had a higher apoptotic rate than
non-HGF prestimulated samples.(32) Although a previous study
reported that siRNA targeted against MET triggered caspase-
dependent apoptosis in DLBCL cell lines,(20) MET directly
binds to the pro-apoptotic protein FAS, proposing that this
association might have an effect on the apoptotic activity of
FAS in some epithelial cancer cells.(33,34) Further studies are
needed to delineate the mechanism through which MET influ-
ences prognosis in DLBCL.
Amplification, mutation, and overexpression of MET or

RON have been described in various malignancies, and such
dysregulation was associated with tumor transformation and
progression.(19,35–37) Furthermore, amplification of 3p, which is
the chromosome region containing RON, is a common event
in various solid tumors, occurring in 15–42.5% of the samples
examined.(38) MET ⁄HGF signaling is mainly mediated by the
RAS–MAPK and PI3K–Akt pathways and affects gene expres-
sion and cell cycle progression.(39,40) Uddin et al.(20) also
reported that MET expression was associated with increased
activation of p-Akt in DLBCL patients. RON is also a strong
inducer of both the MAPK and PI3K signaling pathways.(41)

Intriguingly, patients who were negative for both MET and
RON showed inferior clinical outcomes compared to those
with expression of at least one of the two proteins. MET and
RON exist as a preformed dimer in the cell membrane before
ligand stimulation. A bidirectional transphosphorylation
between MET and RON occurs after exposure of cells to either
HGF or macrophage-stimulating protein.(42) Although RON
appears to be less efficient than MET as a kinase, the
formation of MET ⁄RON complexes leads to more efficient
RON transphosphorylation by MET, resulting in a more sus-

(a)

(b)

Fig. 1. Expression of MET and RON in diffuse large B-cell lymphoma
(DLBCL) tissue. (a) DLBCL cells showing strong MET immunostaining
on the cell membrane (original magnification, 9400). (b) DLBCL RON
expression on the cell membrane (original magnification, 9400).
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(a) (b)

(c) (d)

Fig. 2. Comparison of overall survival (OS) rates according to MET and RON expression in patients with diffuse large B-cell lymphoma. (a) OS
according to MET expression. (b) OS according to RON expression. (c) OS according to the MET ⁄ RON expression pattern. (d) OS in the group with
MET� and RON� and group with MET+ or RON+.

(a) (b)

(c) (d)

Fig. 3. Comparison of overall survival rates according to expression of MET and RON (MET� and RON� vs either MET+ or RON+) in patients with
diffuse large B-cell lymphoma with a low international prognostic index (IPI) (<3) (a) or a high IPI (≥3) (b), or in patients with germinal center
B-cell (GCB)-like type (c) or non-GCB-like type of disease (d).
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tained signal than is induced by RON ⁄RON homodimers. This
cooperative activation of both MET and RON may induce a
synergistic response to their ligands. Patients with tumors
coexpressing MET and RON reportedly have an inferior clini-
cal outcome than those with single receptor-positive
tumors.(24,43,44) Considering the opposing roles of HGF ⁄MET,

the MET and RON pathways may induce different cellular
responses depending on cell type, cell environment, and pro-
tein interactions. The synergy between MET and RON path-
ways may contribute to the inhibition of tumor progression in
different environments.
The HGF ⁄MET signaling pathway has conflicting roles in

cell growth and apoptosis in malignant tumors. In a previous
study, the MET inhibitor PHA665752 was highly selective for
tumor cells with high MET expression and had no effect on
normal cells, thereby avoiding potential systemic side-effects.
Uddin et al.(20) also showed that fatty acid synthase, the
enzyme responsible for the de novo synthesis of fatty acids,
was closely associated with the expression of MET kinase in
DLBCL cell lines, and siRNA targeted against fatty acid syn-
thase induced caspase-dependent apoptosis and suppressed the
expression of MET kinase.(45) However, previous studies indi-
cate that stimulation of the HGF ⁄MET pathway induced apop-
tosis in epithelial and hematologic malignancies.(8,9,32) To
clarify the conflicting results from previous reports, clinical
trials should be carried out.
A previous study showed a correlation between MET

expression and the cell of origin in DLBCL patients.(20) In the
present study, no correlation was observed between MET
expression and the cell of origin. This discrepancy may be due
to the use of different criteria for GCB classification among
the different studies, different reading criteria for immunohis-
tochemical staining, and ⁄or different therapeutic and follow-up
approaches. No previously reported studies have examined the
correlation between RON expression and GCB status in
DLBCL patients. Our study found no correlation between
RON expression and GCB status. These results suggest that
MET and RON expression are associated with survival inde-
pendent of the cell of origin.
In summary, our results suggest the prognostic significance

of MET and RON negativity in DLBCL patients, inde-

(a) (b) (c)

Fig. 4. Comparison of overall survival (OS) rates according to MET and RON expression in patients who received CHOP therapy. (a) OS according
to RON expression. (b) OS according to MET expression. (c) OS in the MET�RON� group and the MET+ or RON+ group.

Table 2. Univariate analyses for overall survival in patients with

diffuse large B-cell lymphoma treated with R-CHOP (n = 120)

Prognostic factor HR 95% CI P-value†

Age, years ≤60 vs >60 1.718 0.85–3.45 0.129

Gender Female vs male 1.621 0.76–3.44 0.209

Performance

status

<2 vs ≥2 5.876 2.57–13.42 <0.001

Ann Arbor stage ≤2 vs >2 1.986 0.09–4.20 0.073

LDH (U ⁄ L) Normal vs

abnormal

1.385 0.68–2.78 0.362

B symptom (�) vs (+) 1.914 0.85–4.27 0.113

Extranodal site

involvement

<2 vs ≥2 1.568 0.77–3.17 0.212

IPI <3 vs ≥3 1.980 0.98–3.98 0.055

GCB type GCB vs non-GCB 0.936 0.46–1.09 0.854

Radiation

therapy

(�) vs (+) 1.185 0.48–2.88 0.709

MET expression (�) vs (+) 0.289 0.08–0.94 0.041

RON expression (�) vs (+) 0.505 0.17–1.44 0.201

MET ⁄ RON MET+ or RON+

vs MET� and RON�
3.975 1.39–11.30 0.010

†Cox univariate analysis. CI, confidence interval; GCB, germinal center
B-cell-like; HR, hazard ratio; IPI, International Prognostic Index; LDH,
lactate dehydrogenase; R-CHOP, rituximab plus cyclophosphamide,
doxorubicin hydrochloride, vincristine, and prednisolone cyclophos-
phamide.

Table 3. Multivariate analysis for overall survival in patients with diffuse large B-cell lymphoma treated with R-CHOP (n = 120)

Prognostic factor HR 95% CI P-value†

IPI <3 vs ≥3 2.080 1.038–4.168 0.039

GCB type GCB vs non-GCB 0.893 0.440–1.812 0.754

MET ⁄ RON MET+ or RON+ vs MET� and RON� 4.127 1.444–11.790 0.008

†Cox multivariate analysis. CI, confidence interval; GCB, germinal center B-cell-like; HR, hazard ratio; IPI, International Prognostic Index; R-CHOP,
rituximab plus cyclophosphamide, doxorubicin hydrochloride, vincristine, and prednisolone cyclophosphamide.
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pendent of IPI or GCB type. The lack of both MET and
RON expression can be used to identify a subgroup of
DLBCL patients who are at a high risk of recurrence or
progression and who may benefit from aggressive chemo-
therapy. Further studies, including prospective clinical trials,
are needed to investigate the effects of MET and RON
expression on clinical outcome and to confirm the present
findings.
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