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Abstract Diffuse large B-cell lymphoma is the most com-
mon lymphoid malignancy, as it accounts for approximately
one third of all patient cases of non-Hodgkin’s lymphoma.
Patients with diffuse large B-cell lymphoma have markedly
different treatment outcomes, suggesting a need for reliable
prognostic factors and novel therapeutic approaches. De
novo fatty acid synthesis is an important metabolic driver
of tumor in multiple malignancies. In this retrospective
study, we analyzed expression of fatty acid synthase (a key
enzyme in de novo fatty acid synthesis), Spot 14 (thyroid
hormone responsive Spot 14, a nuclear protein that pro-
motes expression of genes involved in fatty acid synthesis),
and CD36 (the cell surface channel for exogenous fatty acid
uptake) in patients with diffuse large B-cell lymphoma and
their clinical significance. We observed that overexpression
of fatty acid synthase is negatively associated with overall
survival (p00.001) and progression-free period (p00.004)
in patients with diffuse large B-cell lymphoma. Multivariate
analysis showed that fatty acid synthase overexpression is

an independent prognostic marker of aggressive clinical
course. For the first time, we report CD36 as an independent
protective factor in patients treated with rituximab. Thus,
fatty acid synthase and CD36 expression may serve as
prognostic markers to predict response to treatment and
survival in diffuse large B-cell lymphoma patients. Fatty
acid synthase may also be a potential therapeutic target in
lymphoid malignancies.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most com-
mon malignant lymphoma in the Western world and
accounts for 35–40 % of all cases of non-Hodgkin’s lym-
phoma diagnosed in the USA each year [1]. The biology and
pathogenesis of DLBCL remain elusive, and up to 50 % of
the patients succumb to their illness despite anthracycline-
based multiagent chemotherapy [2]. Thus, search for reli-
able prognostic factors in DLBCL in an attempt to identify
patients who may benefit from a more aggressive treatment
strategy and development of new therapeutic approaches
remain an unmet clinical need.

Most aggressive tumors demonstrate increased glucose
uptake and trapping. Increased glycolysis in the presence of
oxygen (the Warburg effect) and high rates of protein and
DNA synthesis are well-described features of the trans-
formed phenotype [3–7]. The role of de novo fatty acid
(FA) synthesis in carcinogenesis, initially described in the
1950s [8], has recently received increased investigative at-
tention [9, 10]. Multifunctional, homodimeric FASN cata-
lyzes de novo biosynthesis of endogenous FAs, which are
essential constituents of cell membrane lipids and important
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substrates for energy production [11, 12]. In normal tissues
of individuals consuming a Western diet rich in FA, FASN
expression and the rate of de novo synthesis are low. In
contrast, FASN is overexpressed in a variety of malignan-
cies including leukemia and multiple myeloma [13, 14] and
has been shown to correlate with tumor progression, aggres-
siveness, and metastasis in tumors of the prostate, breast,
ovary, lung, and colorectum [10, 15–22, 10, 22]. FASN
inhibition also represents a potential therapeutic approach
[9, 21, 23, 24].

Spot 14 [S14; thyroid hormone responsive Spot 14
(THRSP)], is primarily a nuclear protein [25] and is sug-
gested to regulate gene transcription of FA synthesis
enzymes. S14 messenger RNA is expressed abundantly in
lactating mammary gland, most breast-cancer-derived cell
lines, and ~75 % of breast cancer specimens, which are
major sites of active lipogenesis [26, 27]. The human S14
gene is located at 11q13.5, a region that is amplified in a
subset of aggressive breast cancers. In tumors of the breast,
S14 expression correlates with disease prognosis [28, 27,
29]. Inhibition of S14 expression in rat hepatocytes and
cancer cells prevents activation of genes encoding the
enzymes of FA synthesis, including fatty acid synthase
(FASN), acetyl CoA-carboxylase, and ATP citrate lyase.
[30, 31–33]. Evaluation of S14 expression as a prognostic
factor in clinical DLBCL has not been reported previously.

CD36 is a multiligand receptor first identified on platelets
as glycoprotein IV, an 88-kDa thrombospondin and collagen
receptor, and was linked to lipid metabolism as a macro-
phage receptor for oxidized low-density lipoprotein and as
an adipocyte receptor/transporter for long-chain FAs [34,
35]. CD36 is a cell surface class B scavenger receptor,
which localizes to the lipid rafts to facilitate their association
with receptors, signaling, and adapter molecules [36]. CD36
is expressed in neoplastic cells where it binds, promotes
internalization, and regulates transport of long-chain FAs
[37, 34, 38]. CD38 expression has been explored in de novo
CD5-positive DLBCL and CLL [39, 40], but the precise
functional role of CD36 in DLBCL remains unclear. In this
study, we analyzed the expression of FASN, S14, and CD36
in DLBCL and the potential clinical significance.

Methods

Patients and samples Consecutive cases of DLBCL (n0
125) were identified from the files of Department of Pathol-
ogy at Dartmouth–Hitchcock Medical Center (diagnosed
between 1996 and 2008). Eighty-six evaluable cases
DLBCL, NOS, were selected for the study and comprised
all cases that did not belong to specific subtypes [2]. Cases
that belonged to specific subtypes (e.g., T cell/histiocyte-
rich diffuse large B-cell lymphoma, primary central nervous

system lymphoma), or borderline cases (e.g., B-cell lym-
phoma, unclassifiable with features intermediate between
DLBCL and Burkitt lymphoma), lacked adequate paraffin
embedded tissue, sufficient follow-up period, and essential
clinical data were excluded. Burkitt and Burkitt lymphoma
variants were excluded based on the World Health Organi-
zation criteria to include morphology, Ki-67 index, and
cytogenetics. The extent of the disease at presentation was
determined through physical examination, serum lactate
dehydrogenase, complete blood count, bone marrow aspi-
rate and biopsy, chest X-ray, and computed tomography of
the chest, abdomen, and pelvis, or positron emission tomog-
raphy scan. Age at diagnosis, gender, Ann Arbor stage at
presentation, performance status, International Prognostic
Index (IPI), the revised IPI for those treated with rituximab
[41, 42], and chemotherapy were extracted from medical
records. IPI and revised IPI (R-IPI) were categorized into
low risk (scores 0–2) and high risk (scores 3–5). In the
rituximab, cyclophosphamide, doxorubicin, vincristine,
and prednisone (R-CHOP) patients, we found that the
assignments to low- or high-risk categories were identical
using IPI and R-IPI scores. Therefore, we use IPI to desig-
nate this variable throughout this report. Primary outcomes
were overall survival (time from diagnosis to the endpoint),
progression-free survival (time from diagnosis until progres-
sion or death), and number of treatment regimens required
to achieve a remission (no evidence of clinical disease and/
or by imaging for at least 6 months after completion of
therapy). The study was closed to follow-up on April 15,
2011.The institutional review board of the Dartmouth–
Hitchcock Medical Center approved the study.

Immunohistochemistry and construction of tissue microar-
ray Tissue microarrays (TMAs) containing the 86 cases of
DLBCL were analyzed by immunohistochemistry (IHC) for
CD10; Bcl6; MUM1; FASN with an affinity-purified rabbit
antihuman FASN immunoglobulin G (IgG) preparation
(Abcam, MA, USA), dilution 1:100; S14 with a validated,
purified mouse monoclonal antibody K/IIIC5.1, an IgG type
2a [33]; and CD36 (PA1-46480,Thermo Scientific, USA),
dilution 1:100. On an average, two (one to four) 1.0 mm-
diameter tissue cylinders were punched from archival
formalin-fixed, paraffin-embedded blocks and transferred
into a fresh paraffin block. Four micrometer sections were
cut from each TMA and submitted for hematoxylin and
eosin staining and IHC. Tissue sections were mounted onto
charged Biogenix Plus slides (San Ramon, CA, USA),
deparaffinized, and rehydrated through graded alcohols be-
fore immunostaining. All immunohistochemical staining
was performed after antigen retrieval using intermittent
heating for 4 cycles of 5 min each in a 625-W microwave
oven to maintain the temperature of the buffer [(0.01 M
citrate buffer, pH6.0) at 95 °C] and run in parallel with
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known positive and negative controls. After incubation with
the primary antibody, relevant secondary antibodies were
applied. Slides were then rinsed in water, soaked in
phosphate-buffered saline and immunostained in a BioGe-
nix I-6000 autostainer (San Ramon, CA, USA) using the
biotin–streptavidin amplified system. Identical timing of
incubations and washes was used for all cases. Positive
controls included sections of adipose tissue for S14, normal
heart for CD36, and placentafor FASN. Primary antibody
was omitted and replaced with normal rabbit serum for
negative control.

Staining interpretation Immunoreactivity for FASN, CD36,
and S14 was interpreted without previous knowledge of any
of the clinicopathological parameters. All slides were scored
by one pathologist (PK). For each antibody, 20 randomly
chosen cases were reviewed by a second pathologist to con-
firm reproducibility. For difficult cases, a consensus decision
was made. Intraobserver reproducibility was established. The
intensity and distribution of cytoplasmic (FASN and CD36) or
nuclear staining (S14) were considered in the semiquantitative
assessment of the immunohistochemical results. The intensity
of cytoplasmic and nuclear staining was subjectively graded
as negative, weak, and intense. For FASN, which is the focus
of this study, we initially delineated positivity at 10 % incre-
ments, but at 10–20 % cutoffs we were not able to establish
reproducibility of grading. At a cutoff of 30 %, we achieved
sustained reproducibility of grading and were able to separate
positive and negative cases.

Only small number of cases showed completely negative
staining in all tumor cells (4/86). Given that FASN is an
ubiquitous enzyme, this was an expected finding. Cases that
demonstrated intense staining of more than 30 % of tumor
cells were considered overexpression of the protein. The rest
of the cases were considered low expression.

There was intra- and intercore heterogeneity: we ob-
served variability of FASN staining in 15/86 cases. In
tumors where, for example, cores 1 and 2 were graded as
weak and core 3 as intense, using a 30 % cutoff was
relatively straightforward (if >30 % of the entire tumor is
stained intense, overexpression was called). In occasional
cases of intracore heterogeneity (where strongly staining
cells were observed within a weak or negative background),
the percent of intensely stained cells was averaged between
the cores and if >30 % overexpression was assigned. Con-
sensus was used in interpretation of these cases (see Sup-
plement table 1). Thus, a cutoff of 30 % (of the malignant
cells) was chosen before the statistical analysis was under-
taken. For consistency and for predictable inter- and intra-
observer reproducibility the same cutoff was used for S14
and CD36.

DLBCL cases were subtyped as germinal center (GC) vs
nongerminal center (non-GC) according to the algorithm

defined by Hans et al. [43], using antibodies against CD10
(PA0270, Leica Microsystems, IL, USA), MUM1 (PA0129,
Leica Microsystems, IL, USA) and Bcl6 (PA0204, Leica
Microsystems, IL, USA) as per manufacturer’s instructions
on Leica Bond III autostainer (Leica Microsystems, New-
castle, UK), using the bond polymer refine detection system
(DS9800, Newcastle, UK). Staining was considered positive
if 30 % or more of the tumor cells stained for the antibody.
The 30 % cutoff for CD10, MUM1, and Bcl6 was based on
published criteria for evaluation of TMA material [43].

Statistical analysis Univariate analysis of candidate prog-
nostic marker association with overall survival for all cases,
irrespective of rituximab treatment, was evaluated using chi-
square tests (χ2) [44]. A two-group t statistic was used to
measure the ability of a parameter to discriminate between
the DLBCL subgroups. Survival and progression-free sur-
vival were estimated by the Kaplan–Meier method and
compared by the log-rank test.

Survival and progression-free survival were fit to a mul-
tivariate Cox proportional hazard models (CPH) stratified
on the presence or absence of rituximab therapy (PROC
PHREG, SAS v. 9.2, SAS Institute, Inc., Cary, NC, USA).
The following variables were used in the multivariate: IPI
(high, with low as reference), subtype (non-GC, unclassifi-
able, with GC as reference), FASN (overexpression, with
low expression as reference), CD36 (overexpression, with
low expression as reference), S14 (overexpression, with low
expression as reference), and type (de novo, with trans-
formed as reference).

Reduced models were built using stepwise backwards
selection that removed noncontributory independent varia-
bles from the model when p≥0.1. Hazard ratios (HRs) with
95 % confidence interval (CI) were estimated, and fully
adjusted survival curves were prepared from the CPH
(Microsoft Office Excel 2007, Microsoft, Corp., Redmond,
WA, USA). No adjustments were made for multiple hypoth-
esis tests. The level of significance was set at p≤0.05.

Results

Clinicopathological data

The data set included 44 women and 42 men with mean age
of 60±19.3 years (Table 1). Of 86 patients, 35 died of the
disease and 51 remained in complete remission after a
median follow-up of 3.4 years (range, 0–15.5 years).
Sixty-seven cases (78 %) presented with de novo lympho-
ma, and 19 cases were transformations of indolent lympho-
mas (9 follicular lymphoma, 2 chronic lymphocytic
leukemia, 4 marginal zone lymphoma, 1 Hodgkin’s lympho-
ma, and 3 indolent lymphomas not further characterized).
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Thirty-five patients received standard cyclophosphamide,
doxorubicin, vincristine, and prednisone (CHOP) treatment
regime, and 52 patients received rituximab added to stan-
dard CHOP (R-CHOP). Thirty-nine cases were subtyped as
GC type, 41 represented non-GC type, and 6 were unclas-
sifiable. The IPI scores were available for 77 patients (44
high and 33 low IPI).

FASN, S14, and CD36 expression and correlation
with mortality outcome and DLBCL subtype

The immunostaining pattern for FASN expression was cy-
toplasmic (Fig. 1), and its expression did not correlate with
DLBCL subtype. FASN was overexpressed in 41/86 cases
(48 %) and correlated with poor outcome (dead vs alive) in
univariate analysis. Twenty-four of 41 (58 %) patients with
overexpression of FASN died (from either primary refracto-
ry disease or after multiple relapses, Table 2) compared to
11/45 (25 %) who did not overexpress FASN (p00.001).
FASN overexpression correlated with decreased overall sur-
vival (p00.002, Fig. 2a). Similarly, the progression-free
period was shorter in patients who exhibited overexpression
of FASN (p00.004, Fig. 2b), and such patients were more
likely to fail first-line therapy (Table 2).

S14 was expressed in the nuclei of the lymphoma cells
(Fig. 1) and was overexpressed in 48/86 cases (55 %) (Ta-
ble 2). It did not correlate with disease outcome (Table 2) or
DLBCL subtype (GC and non-GC).

CD36 was expressed in the cytoplasm and was overex-
pressed in 61/86 (70 %) cases (Fig. 1). Overexpression of
CD36 as a single risk factor did not correlate with outcome
(Table 2), but predicted a non-GC DLBCL subtype (p0
0.017). We found no correlation between expression of
FASN, S14, or CD36.

FASN, Spot14, and CD36 are independent predictors
of overall survival

In a multivariate analysis, patients were stratified depending
on whether they received rituximab with CHOP chemothera-
py. In the group treated with R-CHOP, high IPI [HP04.2 (CI
1.302–17.027), p00.025] and overexpression of FASN [HP0
4.09 (CI 1.287–16.04), p00.025] were significant risk factors,
and overexpression of CD36 was a protective factor [HR0
0.34 (CI 0.12–0.96), p00.037]. Similar results were found in
R-CHOP patients in regards to progression-free survival. High
IPI [HR08.61 (CI 2.82–30.937), p00.0004], overexpression
of FASN [HR04.20 (CI 1.542–12.371), p00.006] were sig-
nificant risk factors, and overexpression of CD36 was a pro-
tective factor [HR00.218 (CI 0.061–0.698), p00.013]. In
patients treated with CHOP alone, high IPI (p00.004), but
not FASN, was an independent predictor of poor survival.

To further elucidate the prognostic significance of CD36
in a cohort of patients treated with R-CHOP, we calculated
survival distribution estimates from the CPH-reduced mod-
els fully adjusted for CD36 levels (see “Methods”). Intrigu-
ingly, CD36 overexpression improved survival in patients
independent of IPI score and FASN expression (Fig. 3). As
expected, patients with low IPI and low FASN expression
exhibited improved overall and progression-free survival.
Both survival measures deteriorated with either high IPI or
FASN overexpression. FASN overexpression further refined
prognosis assessed based on IPI (Fig. 3).

Discussion

We analyzed a cohort of 86 patients for the prognostic signif-
icance of FASN, S14, and CD36 expression in DLBCL. Most
normal tissue cells, even those with high cell turnover, pref-
erentially use extracellular circulating lipids for the source of
intracellular structural lipids [10, 47]. By contrast, a wide
variety of tumors and their precursor lesions undergo aug-
mented de novo biogenesis of FAs irrespective of the levels of
circulating lipids [8]. Neoplastic lipogenesis is accompanied
by significantly increased expression and activity of several
lipogenic enzymes in tumor cells. Among these, upregulation

Table 1 Patients’ characteristics

Characteristic Number of patients Percentage

Gender

Male 42 49

Female 44 51

Age 60.2±19.3

Age >60 46 53

Average follow-up 4.2 (0.1-15.5)

IPI

Low 44 57

High 33 43

Stage

I 20 24

II 19 22

III 19 22

IV 22 25

Not staged 6 7

Subtype

GC 39 45

Non-GC 41 48

Unclassifiable 6 7

Treatment

Not completed the 1 treatment 14 16

1 38 44

>1 34 40
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of FASN represents a nearly universal phenotypic alteration in
most human malignancies [10, 23, 48].

There are limited data on the role of lipogenic proteins in
non-Hodgkin lymphoma in general and DLBCL in particu-
lar. In this study, we demonstrate that overexpression of

FASN is an independent predictor of decreased overall and
progression-free survival in patients with DLBCL. This
finding suggests that overexpression of FASN and thus
enhanced lipid metabolism contribute to a more aggressive
lymphoma phenotype with worse prognosis similarly to that

Fig. 1 Representative
cytoplasmic low expression (a)
and overexpression (b) of
FASN, magnification ×400.
Representative nuclear low
expression (c) and
overexpression (d) of S14,
magnification ×400.
Representative cytoplasmic
low expression (e) and
overexpression (f) of CD36,
magnification ×400

Table 2 Association of prognostic markers with overall survival and number of treatment regimens

Subtype p value IPI p value FASN p value S14 p value CD36 p value

Overall Survival
(n086)

GC Non-GC χ2 L H χ2 Low Overexpression χ2 Low Overexpression χ2 Low Overexpression χ2

Complete
Remission

24 24 p00.784 38 10 p05.1e-7 34 17 p00.001 22 29 p00.812 15 36 p00.933

Death 15 17 6 23 11 24 16 19 10 25

Number of treatments

1 20 17 p00.456 31 6 p00.0003 28 10 p00.003 16 22 p00.938 12 26 p00.739

>1 13 16 12 17 13 21 14 20 12 22

L low IPI, H high IPI
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reported in other malignancies [17, 18]. Our results differ
from those reported by Uddin et al. [49], who demonstrated
no prognostic significance of FASN expression in primary
DLBCL tissues. This may be due to differences in the
scoring system. We used a 30 % cutoff and strong positivity
for delineation of overexpression, with 48 % of cases clas-
sified as positive, whereas in the latter work, use of an “H
score” resulted in a higher number of positive cases
(62.6 %). Our finding of the prognostic significance of
FASN corroborates reports of a correlation between FASN
expression levels and the established markers of tumor
aggressiveness, such as Ki-67 and p-AKT, in DLBCL

[49]. Furthermore, pharmacologic and small interfering
RNA-mediated knockdown of FASN-induced apoptosis in
DLBCL and mantle cell lymphoma cell lines [49, 50].

In this study, IPI score remained a reliable prognostic
marker [45, 46], while DLBCL subtype did not predict sur-
vival. The latter can perhaps be explained by the addition of
rituximab to the standard therapy in the late 1990s [51–53].

Interestingly, FASN expression was not associated with
that of S14, which suggests that FASN may be regulated in
an S14-independent manner in the lymphoma cells. CD36
expression also did not correlate with FASN expression, sug-
gesting that de novo FA synthesis may exist in the malignant
cells regardless of potential lipid uptake by the cells.

FASN expression pattern is an independent prognostic
marker in patients with DLBCL treated with R-CHOP. Poor
prognosis in patients with high IPI who overexpressed
FASN and relatively worsened prognosis in patients with
low IPI who still had high FASN expression further supports
the notion that “lipogenic phenotype” contributes to disease
aggressiveness in DLBCL.

Overexpression of CD36 was protective and improved
both overall and progression-free survival in patients treated
with R-CHOP. CD36 was seen only in the cytoplasm, which
suggests defects in hormonal pathways involved in traffick-
ing of the molecule to the cell surface. CD36 has multiple
functions including that of a thrombospondin receptor [34,
35]. The thrombospondin family of proteins is important
angiogenesis inhibitors. It has been recently shown that a
recombinant fragment of thrombospondin-2 inhibits breast
cancer growth and metastasis through CD36-mediated acti-
vation of endothelial cell apoptosis [54]. One may argue that
CD36 expression may be associated with increased antian-
giogenic and proapoptotic activity in lymphoma cells with
less aggressive phenotype. In addition, rituximab targets the
transmembrane protein CD20 and may directly induce apo-
ptosis. Thus, the lipid membrane composition may be an
important factor for the activity of rituximab and may be
mediated by CD36.

Fig. 2 a Kaplan–Meier plot of survival (time period from the diagno-
sis to the endpoint) for low expression (gray line) and overexpression
(black line) of FASN (p00.002, HR02.92, 95 % CI 1.180–5.803). b
Kaplan–Meier plot of progression-free survival for low expression and
overexpression of FASN (p00.004, HR03.96, 95 % CI 1.547–10.45).
Notch denotes the censored data

Fig. 3 Multivariate survival
solution of overall survival with
rituximab therapy. The CPH
survival solution when patients
are treated with rituximab is
stratified by CD36 expression,
R-IPI scoring, and FASN ex-
pression. The classic R-IPI
scoring prognostic value is seen
with low scores predicting lon-
ger survival. Low FASN ex-
pression and CD36
overexpression also predict a
longer survival. L low, H high,
O overexpression
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The limitations of this study include a need for validation
of the pattern obtained in TMA compared to whole slides to
account for inhomogeneous expression. Additionally, we
believe that fluorescent in situ hybridization analysis to
account for prognostic significance of Myc gene rearrange-
ments in DLBCL treated with R-CHOP would be of value.
Furthermore, we recognize that our results need to be vali-
dated in a larger study involving multiple institutions.

In summary, we demonstrate that FASN and CD36 over-
expression may serve as independent prognostic markers in
DLBCL.

FASNmay represent potential therapeutic target in DLBCL.
Thus, further studies to investigate mechanistic links between
FA synthesis and uptake with clinical parameters, molecular,
and transcriptional alterations in DLBCL are warranted.
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