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Abstract. Diffuse large B‑cell lymphoma (DLBCL) is the 
most common and heterogeneous lymphoid malignancy. 
The subtype with MYC and BCL‑2 double‑expressor 
lymphoma (DEL) was defined by its aggressive nature and 
poor survival outcome. Therefore, the development of effec‑
tive therapies for the DEL subtype is imperative. Fatty acid 
synthase  (FASN) activity is associated with altered lipid 
metabolism and aberrant protein translation in DLBCL. 
However, the inter‑regulation of these key processes is not 
fully determined in DEL. In the present study, the clinical 
and biological impact of FASN was investigated in the DEL 
subtype. Initially, FASN expression levels were analyzed 
from a patient cohort and the data indicated that the highest 
FASN expression was noted in DEL tissues compared with 
that noted in the DLBCL and reactive lymphoid hyperplasia 
tissues. Patients with DEL with combined high‑FASN expres‑
sion indicated poorer EFS outcomes than the rest of the 
patients. In vitro data indicated that FASN was overexpressed 
in SU‑DHL‑2 and U2932 cells. Silencing FASN decreased 
cell growth and promoted cell apoptosis by modulating the 
pERK/BCL‑2 signaling pathway. In conclusion, the present 
study indicated that FASN was overexpressed in DEL and that 
its expression was associated with poor survival outcomes. 

Furthermore, the data demonstrated that FASN regulated the 
biological function via the pERK/BCL‑2 signaling pathway. 
FASN serves a critical role in the progression of DEL and its 
expression may be associated with the development to a more 
aggressive phenotype of DLBCL. Therefore, it may be consid‑
ered a potential therapeutic target for DLBCL.

Introduction

Diffuse large B‑cell lymphoma (DLBCL) is the most common 
type of non‑Hodgkin lymphoma worldwide representing 
~40% of all cases  (1,2). DLBCL exhibits biological and 
clinical heterogeneity and ~30‑40% of the patients succumb 
to their illness following standard first line immune‑chemo‑
therapy, including R‑CHOP (rituximab, cyclophosphamide, 
doxorubicin, vincristine and prednisone) (3,4). DLBCL with 
rearrangement or overexpression of MYC, BCL‑2 and BCL‑6 is 
referred to as double‑hit lymphoma (DHL) or double‑expressor 
lymphoma (DEL). Due to high aggressiveness and poor prog‑
nosis, the World Health Organization recently reclassified 
DHL from DLBCL, not otherwise specified, or unclassified B 
cells between DLBCL and Burkitt lymphoma to high‑grade B 
cell lymphoma (1). DELs, including DHL, are also character‑
ized by an aggressive clinical course and inferior therapeutic 
response. In addition, DEL is relatively more common than 
DHL (21‑34 vs. 2‑10%) in newly diagnosed DLBCL and may 
be directly diagnosed by immunohistochemistry. Therefore, it 
is of considerable clinical significance to identify the under‑
lying molecular mechanism of this disease in order to provide 
individualized therapy and improve patient survival (5‑8).

Fatty acid synthase (FASN) is an enzyme crucial for the 
de novo synthesis of fatty acids, which acts as a metabolic 
driver in tumors (9‑11). FASN is reported to participate in 
aggressive cancer phenotypes, which include the processes of 
uncontrolled proliferation and metastasis (12). Previous studies 
have revealed that FASN promotes cell growth and metastasis 
by activating the ERK pathway (13‑17). FASN is overexpressed 
in DLBCL and inhibition of FASN has demonstrated potent 
antiproliferative and proapoptotic effects (18,19). Furthermore, 
FASN is reported to be associated with the development of 
a more aggressive phenotype and poor patient survival, 
including DLBCL (9,19,20). Therefore, FASN is considered a 
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therapeutic target in DLBCL, implying its potential function 
during DEL progression as well as its critical importance for 
the development of therapies in this subtype.

In the present study, the histopathological features of 
the DLBCL and DEL subtypes were investigated in asso‑
ciation with the expression of FASN. Subsequently, the 
biological function of FASN and the inter‑regulatory mecha‑
nisms were investigated in vitro. The data demonstrated that 
FASN‑overexpression was associated with the DEL subtype 
and poor survival. Inhibition of FASN suppressed cell growth 
and promoted apoptosis via the pERK/BCL‑2 signaling 
pathway. The present study provided evidence that FASN may 
be a promising therapeutic target for DEL.

Materials and methods

Patients and tissue samples. The cohort consisted of 
87  patients with primary DLBCL and 15  patients with 
reactive lymphoid hyperplasia (RLH) who were diagnosed 
at the Jiangxi Cancer Hospital between March 2015 and 
December  2017. All cases of Epstein‑Barr virus posi‑
tive  (EBV+) DLBCL, primary mediastinal DLBCL, 
primary cutaneous DLBCL, lymphomatoid granulomatosis, 
T‑cell/histocyte rich large B‑cell lymphoma, plasmablastic 
lymphoma and patients with a history of small mature B‑cell 
lymphoma of various types, or insufficient follow‑up period 
or essential clinical data were excluded. All patients were 
treated with R‑CHOP as first line therapy. Tumor responses 
were assessed at the end of treatment and were classified as 
complete response (CR), unconfirmed complete response 
(CRu), partial response, stable disease or progressive disease 
according to the International Workshop criteria (21). Overall 
response rate (ORR) was defined as the proportion of patients 
achieving CR, CRu or PR. Ethical approval for the present 
study was provided by the Ethics Committee of Jiangxi 
Cancer Hospital. Written informed consent was obtained 
from all study participants.

Immunohistochemical analysis. Immunohistochemical 
studies were performed using formalin fixed with 10% 
formalin for 24 h at 25˚C, paraffin‑embedded (FFPE) tissue 
sections, either at the time of diagnosis or for the purpose 
of the present study. FFPE sections were cut at a thickness 
of 4 µm and stained with the standard lymphoma markers 
mentioned below. The following antibody working solutions 
(0.2 mg/ml) were used for diagnosis: CD3 (cat. no. ZM‑0417; 
Origene Technologies Inc.), CD5 (cat. no. ZM‑0280; Origene 
Technologies Inc.), CD10 (cat.  no.  ZM‑0283; Origene 
Technologies Inc.), CD20 (cat. no. kit‑0001; Maxim Biotech 
Inc.), BCL‑6 (cat. no. ZM‑0011; Origene Technologies Inc.), 
MUM1 (cat.  no.  ZM‑0401; Origene Technologies Inc.), 
Ki‑67 (cat. no. ZM‑0166; Origene Technologies Inc.), BCL‑2 
(cat. no. ZM‑0010; Origene Technologies Inc.) and MYC 
(cat. no. ZA‑0658; Origene Technologies Inc.). A primary 
rabbit anti‑human polyclonal antibody against FASN was 
also used (dilution, 1:500; cat. no. ab22759; Abcam). The 
primary antibodies were incubated overnight at 4˚C. Protein 
detection was performed using a Two‑step Detection kit 
according to the manufacturer's protocol (cat. no. PV‑8000; 
ZSGB‑BIO).

Quantitative method. The immunostaining results were evalu‑
ated by two independent pathologists separately with a light 
microscope (Olympus BX51) (magnification, x400). The cells 
of origin were determined according to the Hansalgorithm 
based on CD10, BCL6 and MUM1 immunostaining  (22). 
Based on previous data that examined the optimum survival 
cut‑offs for dichotomizing levels of expression, 40% positivity 
was used as a cut‑off for MYC and 50% positivity for BCL‑2. 
In the present study, DEL was defined as lymphomas demon‑
strating ≥40% MYC and ≥50% BCL‑2 expression (23,24). 
FASN staining was determined by the proportion and intensity 
of the stained cells (11‑13,25,26). FASN expression was consid‑
ered positive when the stained cells were >10%. The intensity 
score ranged from 0 to 3 as follows: 0, no staining (<10%); 
1, low staining (10‑50%); 2, moderate staining (51‑80%); and 
3, high staining (>80%). For analytical purposes, patients 
with a staining score of 1‑2 were categorized as low‑FASN 
expression subjects and patients with a staining score of 3 were 
categorized as high‑FASN expression subjects.

Cell culture. The diffused large cell lymphoma SU‑DHL‑2 
and U2932 cell lines were obtained from the Key Laboratory 
of Carcinogenesis and Translational Research of Peking 
Universtiy Cancer Hospital & Institute. The cells were main‑
tained in RPMI‑1640 medium (Thermo Fisher Scientific, 
Inc.), supplemented with 15% fetal bovine serum (Hyclone; 
GE Healthcare Life Sciences), 1% penicillin/streptomycin 
(Invitrogen; Thermo Fisher Scientific, Inc.) at 37˚C in 5% CO2.

Western blotting. The cells were washed twice with phosphate 
buffered saline (PBS) and lysed in ice‑cold radioimmunopre‑
cipitation assay buffer (Beyotime Institute of Biotechnology) 
with freshly added 0.01% protease inhibitor PMSF (Amresco, 
LLC) and incubated on ice for 20 min. The cell lysate was centri‑
fuged at 12,000 x g for 20 min at 4˚C. The protein concentration 
was determined using a Bradford assay (Bio‑Rad Laboratories, 
Inc.). A total of 30 µg protein from each sample were run on 
10% SDS‑PAGE gel (TGX™ FastCast™ Acrylamide kit; 
Bio‑Rad Laboratories, Inc.) and transferred onto a polyvinyli‑
dene difluoride membrane (EMD Millipore). The membranes 
were blocked with 5% BSA solution for 1  h at  25˚C and 
subsequently incubated with the following primary antibodies 
at 4˚C for overnight: Rabbit anti‑human FASN (polyclonal; 
dilution, 1:1,000; cat. no. ab22759; Abcam), rabbit anti‑human 
Phospho‑p44/42 MAPK (Erk1/2; Thr202/Tyr204; monoclonal; 
dilution, 1:1,000; cat. no. 4370; Cell Signaling Technology, Inc.), 
rabbit anti‑human MYC (Y69; monoclonal; dilution, 1:1,000; 
cat. no. ab32072; Abcam), rabbit anti‑human BCL‑2 antibody 
(E17; monoclonal; dilution, 1:1,000; cat. no. ab32124; Abcam) 
and rabbit anti‑human β‑actin (polyclonal; dilution, 1:5,000; 
cat. no. ab8227; Abcam). A horseradish peroxidase‑conjugated 
goat anti‑rabbit IgG H&L secondary antibody (1:10,000, 
ab205718, Abcam) was incubated at 25˚C for 1 h. Protein detec‑
tion was performed using an enhanced chemiluminescence kit 
(ECL; Thermo Fisher Scientific, Inc.) with an ECL Imager 
(Thermo Fisher Scientific, Inc.).

RNA extraction and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). Total RNA was 
extracted using TRIzol reagent (Invitrogen; Thermo Fisher 
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Scientific, Inc.). Reverse transcriptase reactions were 
performed using cDNA and M‑MLV reverse transcriptase 
(Promega Corporation). The RT reaction conditions were as 
follows: 65˚C for 2 min, 42˚C for 1 h, 70˚C for 10 min and 
4˚C for 2 min. For mRNA detection, FASN and GAPDH 
mRNA expression were analyzed using SYBR‑Green qPCR 
reagents according to the manufacturer's protocols (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). Gene specific 
primers (10 µM) were used at a final concentration of 0.2 µM 
with cDNA (1 µl) as template. The cycling conditions were 
as follows: 95˚C for 2 min, followed by 39 cycles of 95˚C for 
15 sec and 60˚C for 60 sec. The sequences of the primers are 
listed in Table I and were verified by Primer‑BLAST (NCBI). 
The data were analyzed using the 2‑ΔΔCq relative quantification 
method (27).

Cell Counting Kit‑8 (CCK‑8) cytotoxicity assay. The prolifera‑
tion of the cells was measured using the Cell Counting Kit‑8 
(CCK‑8; Dojindo Molecular Technologies, Inc.). SU‑DHL‑2 
and U2932 cell suspensions were seeded onto 96‑well plates at 
a density of 2,000 cells/well and cultured at 37˚C in 5% CO2. 
A total of 20 µl CCK‑8 solution was added to each well and the 
plates were incubated for 4 h in a 37˚C incubator at the indi‑
cated time points (1, 2 and 3 days). The optical density levels 
were measured by a microplate reader at 450 nm according to 
the manufacturer's protocols.

Survival rate assay. The same number of cel ls 
(1.0x106 cells/well) was cultured in the 24‑well plates for 1, 2 
and 3 days. Cell viability was quantified by adding 100 µl of 
0.4% trypan blue dye to 100 µl of cell suspension at 25˚C for 
5 min and counting the numbers of stained (non‑viable) and 
unstained (viable) cells on a haemocytometer.

Transfection of FASN silencing RNA. For transfection of 
small interfering (siRNA) targeting FASN (FASN silencer; 
cat. no. s5031; Thermo Fisher Scientific Inc.) and non‑targeting 
control siRNA (Silencer® Select Negative Control No.  1 
siRNA; cat.  no.  4390843; Thermo Fisher Scientific Inc.). 
The sequences of siRNA targeting FASN were as follows: 
Forward, 5'‑CCG​UGG​ACC​UGA​UCA​UCA​ATT‑3', and 
reverse, 5'‑UUG​AUG​AUC​AGG​UCC​ACG​GCG‑3'. HiPerfect 
(Qiagen, Inc.) transfection reagent was added to the medium 
without serum in order to yield a final HiPerFect concentration 
of 0.5% (v/v). siFASN/negative control (NC) was added to the 
aforementioned medium, mixed (final concentration 5‑10 nM), 
incubated for 10 min at room temperature and finally added 
to the cells. Subsequently, cells were cultured at 37˚C with 
5% CO2 for 48 h and collected for subsequent experiments.

Flow cytometry. The two cell lines were transfected with 
silencing RNA targeting FASN/NC (siFASN/NC) for 2 days. 
The FITC Annexin V Apoptosis Detection kit with propidium 
iodide (cat. no. 640914; BioLegend, Inc.) was used to detect the 
cell apoptotic rate. Flow cytometry data were collected with 
a BD LSR Fortessa cell analyzer and analyzed using FlowJo 
Software (FlowJo LLC; Version 10).

Statistical analysis. Event‑free survival (EFS) was defined 
as the time between diagnosis or disease progression and the 

time of relapse or death from any cause or to the participant 
termination date (31 Dec, 2019). Patients without an event were 
censored at the time point of last known follow‑up. Survival 
curves were estimated using the Kaplan‑Meier curve and 
comparisons were made using the log‑rank test. Univariate 
analyses were made using the chi‑square test and the log‑rank 
test. The data are presented as the mean ± standard error of 
the mean. A two‑tailed Student's t‑test was used to compare 
differences between the two groups. Statistical analysis was 
performed using the SPSS version 15.0 (SPSS, Inc.) and the 
graphs were generated by the GraphPad Prism version 5.0 
(GraphPad Software, Inc.). P<0.05 was considered to indicate 
a statistically significant difference.

Results

Clinicohistopathological features of DEL and non‑DEL 
patients. A total of 87 eligible cases of de  novo DLBCL 
were included in the present study. All patients were immu‑
nocompetent. The demographic and clinicopathological data 
are presented in Table II. MYC and BCL‑2 DEL was iden‑
tified in 36 (41%) cases. Additionally, 44 cases (51%) were 
MYC‑positive and 43 cases (49%) were MYC‑negative. A total 
of 71 cases (82%) were BCL‑2‑positive and 16 cases (18%) 
were BCL‑2‑negative. The medium age at diagnosis was 57 
and 53 years in the DEL and non‑DEL groups, respectively. 
Age and sex distributions were similar in the two groups. 
DEL was significantly associated with late stage (Ann Arbor 
stage III/IV), increased lactate dehydrogenase levels, extra 
nodal sites >2, PS score >1 and IPI score ≥3. The Hans algo‑
rithm was used and the findings indicated that the non‑GCB 
subtype was more prevalent in the DEL than in the non‑DEL 
groups (89 vs. 65%; P=0.012).

FASN expression in DLBCL and DEL pat ients. 
Immunohistochemical analyses were performed to determine 
the expression levels of FASN in 87 DLBCL tissues and 
15 RLH tissues. FASN expression was considered positive 
when the stained cells were >10%. The tissues were divided 
into the three groups according to FASN expression scores 
as follows: Negative, low‑FASN expression, high‑FASN 
expression  (Fig.  1A). The results revealed that FASN 
protein was located in the cytoplasm and germinal center. 

Table I. Sequences of all primers.

Primer name	 Sequences (5'‑3')

GAPDH (homo sapiens)	 ATTGTCAGCAATGCATCCTG
forward
GAPDH (homo sapiens)	 ATGGACTGTGGTCATGAGCC
reverse
FASN (homo sapiens)	 CAACTCACGCTCCGGAAA
forward
FASN (homo sapiens)	 TGTGGATGCTGTCAAGGG
reverse

FASN, fatty acid synthase.
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FASN expression was positive in all DLBCL samples and 
high‑FASN expression was observed in 72% of DLBCL 
samples. Furthermore, the data indicated that FASN expres‑
sion was significantly higher in DLBCL compared with that in 
RLH tissues (2.72±0.05 vs. 1.07±0.18; P<0.0001; Fig. 1B). In 
DLBCL tissues, the expression of FASN was higher in the DEL 
group than in the non‑DEL group (2.86±0.06 vs. 2.57±0.08; 
P=0.008; Fig. 1C). The clinicohistopathological characteris‑
tics were analyzed according to FASN expression (Table III). 
High FASN expression was significantly associated with MYC 
and BCL‑2 combined expression (P=0.027). In addition, high 
expression of FASN was associated with MYC‑positive cases 
(P=0.017) and those with a high Ki67 index (P=0.043).

Survival analysis. All patients in the cohort received immuno‑
chemotherapy [rituximab plus cyclophosphamide, doxorubicin, 
vincristine and prednisone (R‑CHOP)] as the first line therapy. 
The data showed that DEL patients exhibited an inferior ORR 
(56 vs. 90%) and survival (11 months vs. not reached), compared 
with those noted in the non‑DEL group. Subsequently, the 
prognostic impact of FASN in DLBCL and DEL patients was 
investigated. High FASN expression indicated poorer ORR 
than the low‑expression group (71 vs. 88%; P=0.092; Table III). 
The 2‑year EFS rate in the high FASN expression group was 
59% (95% CI: 52‑65%), while the rate in the low expres‑
sion group was 83% (95% CI: 81‑91). However, the log‑rank 
test indicated no significant differences with regard to these 
parameters (P=0.069; Fig. 2A). With a median follow up of 
20 months, the median EFS of the two groups had not been 
reached by the termination of follow up. Subsequently, survival 
analysis was performed on DEL patients with combined high 
FASN expression. These patients indicated significantly poorer 

EFS rates and times than the remaining patients (2‑year EFS 
rate, 27 vs. 88%, P<0.0001; median EFS, 9.5 months vs. not 
arrived; Fig. 2B). Ten factors that had significant differences 
from univariate analysis were included and analyzed, and 
COX regression analysis was performed. The results demon‑
strated that increased LDH and double expression of MYC 
and BCL‑2 (DEL) are independent factors that influenced the 
prognosis and survival in all the patients (Table SI).

Silencing of FASN inhibits cell growth and promotes apoptosis 
of DLBCL cells. The two DLBCL cell lines, SU‑DHL‑2 and 
U2932, which have been previously reported as non‑GCB 
type and MYC/BCL‑2 amplification‑type, respectively, were 
cultured in vitro (28,29). The experimental data indicated that 
SU‑DHL‑2 and U2932 cells exhibited high expression levels 
of FASN, as well as MYC and BCL‑2 protein amplification 
(Fig. 3A). To further investigate the function of FASN, its 
silencing was achieved by siRNA targeting in order to obtain 
FASN‑silenced cells (Fig. 3B and C). CCK‑8 assay revealed 
that inhibition of FASN attenuated cell growth (Fig. 3D). The 
survival assay indicated that deletion of FASN decreased 
the cell survival rate (Fig. 3E). The flow cytometry assay 
indicated that silencing of FASN significantly accelerated the 
cell apoptotic death (Fig. 3F and G), which was accompanied 
by cleavage and activation of the apoptosis effector caspase‑3 
(Fig. S1). These results confirmed that FASN was required for 
the aggressive phenotype noted in DLBCL.

Silencing of FASN suppresses the pERK1/2/Bcl‑2 signaling 
pathway in the U2932 cell line. The molecular pathway of FASN 
was investigated in combination with the induction of apop‑
tosis in U2932 cells. Previous studies have demonstrated that 

Table  II. Comparison of clinicopathological features between non‑DEL and DEL subgroup in 87 patients with diffuse large 
B‑cell lymphoma.

	 Total	 Non‑DEL	 DEL
Characteristic	 n=87 (%)	 n=51 (%)	 n=36 (%)	 P‑value

Median age (range)	 55 (20‑84)	 53 (24‑84)	 57 (20‑81)
Age >60 years	 30 (34)	 16 (31)	 14 (39)	 0.499
Male:female	 46:41	 25:26	 21:15	 0.531
Ann Arbor stage III/IV	 42 (42)	 18 (35)	 24 (67)	 0.004a

Elevated LDH	 47 (48)	 19 (37)	 28 (78)	 0.000a

ENS >2	 20 (23)	 6 (12)	 14 (39)	 0.004a

PS score >1	 25 (29)	 9 (18)	 17 (47)	 0.004a

IPI score ≥3	 19 (22)	 6 (12)	 14 (39)	 0.004a

BM involvement+	 8 (9)	 2 (4)	 6 (17)	 0.061
CNS involvement+	 5 (6)	 2 (4)	 3 (8)	 0.645
B symptom	 9 (10)	 3 (6)	 6 (17)	 0.154
GCB:non‑GCB subtype	 22:65	 18:33	 4:32	 0.012a

Ki67 ≥80%	 27 (31)	 15 (29)	 12 (33)	 0.851
ORR	 66 (76)	 46 (90)	 20 (56)	 0.000a

aPearson's Chi‑Square Test. DEL, double‑expressor lymphoma; LDH, lactate dehydrogenase; ENS, extra nodal sites; PS score, perfor‑
mance status score; IPI score, international prognostic index score; BM+, bone marrow involved; CNS+, central nervous system involved; 
GCB, germinal center B‑cell; ORR, objective response rate.
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FASN may regulate ERK1/2 phosphorylation and the expres‑
sion of the anti‑apoptotic proteins, including BCL‑xl (14,15). 
Therefore, additional experiments were performed to deter‑
mine whether FASN exerts it functions by regulating the 
pERK1/2‑associated signaling pathway in DLBCL. Silencing 
of FASN decreased the levels of p‑ERK1/2 and BCL‑2, while 
total ERK1/2 levels remained unchanged, indicating that it 
may suppress ERK1/2 phosphorylation and further decrease 
BCL‑2 expression. Nevertheless, the expression of MYC was 
not significantly altered (Fig. 4).

Discussion

DEL associated with co‑expression of MYC and BCL‑2 is recog‑
nized as a poor prognostic subgroup of DLBCL. The present 

study assessed the clinicopathological features of 87 patients 
with DLBCL who were recruited between March 2015 and 
December 2017 in Jiangxi Cancer Hospital. MYC and BCL‑2 
DEL cases were identified in 41% of all cases. DEL patients 
exhibited a decreased ORR (56 vs. 90%) and survival time 
(11 months vs. not arrived), compared with that of non‑DEL 
patients. These findings were mostly consistent with the results 
of previous studies (23,24,30‑32). Treatment of DEL is mainly 
restricted to R‑CHOP treatment. Despite several efforts, the 
therapeutic efficacy of current targeted agents with the excep‑
tion of rituximab remains controversial (33‑36). Therefore, 
particular focus has been given to the identification of novel 
molecular targets for this specific subtype.

FASN is considered an oncogene in carcinogenesis and has 
emerged as a potential therapeutic target for lymphoma (37,38). 

Figure 1. Upregulation of FASN protein in DEL patients. (A) Representative immunohistochemical staining of FASN and Ki67 proteins in tissues (magnifica‑
tion, x400). Tissues were divided into three groups according to FASN expression intensity scores: 0, negative (left), 1‑2, low‑FASN expression (middle), 
3, high‑FASN expression (right). (B) The FASN expression scores in 87 patients with DLBCL, compared with 15 patients with RLH. (C) The FASN expression 
score in DEL, compared with non‑DEL patients. Values shown are the mean ± standard error of the mean. Scale bar, 100 µm. FASN, fatty acid synthase; 
DLBCL, diffuse large B‑cell lymphoma; RLH, reactive lymphoid hyperplasia; DEL, double‑expressor lymphoma.
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In the present study, substantial evidence is presented regarding 
the association of FASN expression with DLBCL. To begin 
with, the data indicated that FASN was overexpressed in 
DLBCL, compared with RLH samples, while it was present 
in highly proliferative tissues characterized by high Ki‑67 
index (P=0.043). Furthermore, FASN protein distribution 
was different between the DLBCL and RLH tissues. In RLH 
tissues, FASN expression was restricted in the germinal center 

B‑cells, confirming the association between FASN and BCL‑2. 
However, FASN expression was not restricted in the germinal 
center and was widely distributed in the DLBCL tissues. In 
addition, FASN expression was significantly higher in DEL 
than non‑DEL tissues. FASN was reported to be associated 
with cancer progression (14‑16). The present findings provided 
evidence of an active role of FASN in DLBCL progression to 
a more aggressive phenotype (DEL).

Table  III. Clinicohistopathological characteristics according to FASN expression in 87 patients with diffuse large B‑cell 
lymphoma.

	 FASN
	----------------------------------------------------------------------------------------
	 Total	 Low expression	 High expression
Characteristic	 n=87 (%)	 n=24 (%)	 n=63 (%)	 P‑value

Median (range)	 55 (20‑84)	 55 (23‑81)	 55 (20‑84)
Age >60 years	 30 (34)	 11 (46)	 19 (30)	 0.210
Male:female	 46:41	 13:11	 33:30	 1.000
Ann Arbor stage 	 42 (48)	 12 (50)	 30 (48)	 1.000
Elevated LDH	 47 (54)	 10 (42)	 37 (59)	 0.229
ENS >2	 20 (23)	 2 (8)	 18 (29)	 0.050
PS score >1	 26 (30)	 7 (29)	 19 (30)	 1.000
IPI score ≥3	 20 (23)	 4 (17)	 16 (25)	 0.570
BM involvement+	 8 (9)	 2 (8)	 6 (10)	 0.691
CNS involvement+ 	 5 (6)	 0 (0)	 5 (8)	 0.316
B symptom	 9 (10)	 2 (8)	 7 (11)	 1.000
GCB:non‑GCB subtype	 22:65	 1:2	 2:7	 0.287
Ki67 ≥80%	 28 (32)	 4 (17)	 26 (42)	 0.043a

MYC + 	 44 (51)	 7 (29)	 37 (59)	 0.017a

BCL‑2 +	 71 (82)	 19 (79)	 52 (83)	 0.761
MYC+BCL‑2+(DEL)	 36 (41)	 5 (21)	 31 (49)	 0.027a

ORR	 66 (76)	 21 (88)	 45 (71)	 0.092

aPearson's Chi‑Square Test. FASN, fatty acid synthase. DLBCL, diffuse large B‑cell lymphoma; DEL, double‑expressor lymphoma; LDH, lactate 
dehydrogenase; ENS, extra nodal sites; PS score, performance status score; IPI score, international prognostic index score; BM+, bone marrow 
involved; CNS+, central nervous system involved; GCB, germinal center B‑cell; ORR, objective response rate.

Figure 2. EFS analysis of DLBCL patients with different subtypes following frontline R‑CHOP treatment. (A) Comparison of EFS between high‑FASN expres‑
sion and low‑FASN expression patients. (B) Comparison of EFS between DEL patients with high‑FASN expression and the other patients. EFS, event‑free 
survival; DLBCL, diffuse large B‑cell lymphoma; DEL, double‑expressor lymphoma; FASN, fatty acid synthase.
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Survival analysis demonstrated that DEL patients with 
high‑FASN expression exhibited poorer EFS, compared with 
that noted in other patients (2‑year EFS rate, 27 vs. 88%, 
P<0.0001; median EFS, 9.5 months vs. not reached). However, 
following the analysis it was not possible to demonstrate a 
significant and direct association between FASN and EFS. 
This finding may be associated with the retrospective nature 
of the present study and the relatively small number of the 
patients involved. The findings suggested that high‑FASN 
expression patients revealed lower ORR (71 vs. 88%, P=0.092) 
and 2‑year EFS (59 vs. 83%, P=0.065), compared with that of 

low‑FASN expression patients. Future studies should focus on 
a larger number of uniformly‑treated patients that may aid the 
clarification of the prognostic and predictive value of FASN 
in DEL.

A previous study suggested that FASN inhibitors may 
trigger apoptosis and suppress the expression of the c‑Met 
kinase in DLBCL (19). The present study aimed to elucidate 
the biological function of FASN and the associated molecular 
mechanisms in vitro. MYC/BCL‑2 amplification has been 
reported in SU‑DHL‑2 and U2932 cell lines and as a result 
these two cell lines were used as DEL cells. The results 

Figure 3. Silencing of FASN inhibited cell growth and promoted apoptosis of diffuse large B‑cell lymphoma cells. (A) Expression of FASN, MYC and BCL‑2 
protein in SU‑DHL‑2 and U2932 cells. FASN expression in cells treated with siFASN/Control for 2 days was detected by (B) reverse transcription‑quantitative 
polymerase chain reaction and (C) western blotting. (D) Cell Counting Κit‑8 assay was performed to detect the proliferation abilities following transfection with 
siFASN/Control for 0, 1, 2 and 3 days. (E) Cell survival rate of cells following transfection with siFASN/Control for 0, 1, 2 and 3 days. (F) Apoptotic indexes and 
(G) rate of cells were detected by fluorescence‑activated cell sorting‑based Annexin V‑FITC/PI double staining following transfection with siFASN/Control for 
2 days. Values shown are the mean ± standard error of the mean. *P<0.05, **P<0.01, ***P<0.001. FASN, fatty acid synthase; si, small interfering RNA.
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indicated that FASN was highly expressed in SU‑DHL‑2 and 
U2932 cells and that its knockdown decreased tumor growth 
and promoted apoptosis. These results confirmed that FASN 
promoted cell growth and apoptosis resistance in DEL, as 
well as in DLBCL (19,37). The FASN/ERK pathway is a 
vital signaling pathway in cancer (14‑15). The present study 
indicated that silencing FASN decreased p‑ERK and BCL‑2 
expression, suggesting that FASN may regulate cell growth 
and apoptosis via the p‑ERK/BCL‑2 signaling pathway in 
DEL. However, MYC expression levels remained unaltered. 
This finding may be attributed to the fact that MYC is 
regulated by several genes, whereas FASN is not its direct 
upstream target.

In addition, there are certain limitations to the present 
study. The biological function of FASN and the exact 
mechanism linking p‑ERK/BCL‑2 signaling to FASN expres‑
sion requires further confirmation by ectopic expression 
of FASN in the negative control cell lines. In the following 
gain‑functional assay, two cell lines with low expression of 
FASN should be added to confirm the function with ectopic 
expression of FASN. The length of FASN mRNA is ~8.4 kb 
and its full‑length cloning is difficult. The establishment 
of FASN overexpression models is a difficult task and our 
previous studies used FASN cDNA ORF (NCBI Ref Seq 
BC007909) to upregulate FASN, suggesting that this method 
is possible. Therefore, the gain/loss of function experiments on 
FASN are designed to be implemented in future studies. It has 
been highlighted that FASN‑overexpression in tumor tissues 
is associated with the serum levels of FASN (26,39,40). In the 

present study, the association between the clinical prognostic 
factors of DEL and FASN expression levels (tumor and serum) 
was investigated.

The present study highlighted that deregulation of FASN 
may be associated with the pathogenesis of DEL and provided 
a rational preclinical setting for the therapeutic applications of 
FASN inhibitors in DEL. Future clinical studies should focus 
on the assessment of the effectiveness of FASN inhibitors 
in combination with R‑CHOP as therapeutic agents for the 
treatment of DEL. Therefore, FASN may serve as a potential 
therapeutic target in DEL patients.
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