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Chemoresistance is a key obstacle in the clinical treatment and management of activated B cell-like difuse large B-cell lymphoma
(ABC-DLBCL), which leads to the poor prognosis of patients. Exploring novel biomarkers to early warn drug resistance and
ameliorate the patients’ outcome in ABC-DLBCL is urgent and crucial. Previously, we found that insulin-like growth factor-
binding protein 3 (IGFBP3) was remarkably associated with immunochemotherapy treatment response through microarray
screening. Based on a retrospective cohort (n= 160) and a GEO cohort (n= 292), here we determined the positive expression rate
of IGFBP3 and analyzed the role of IGFBP3 in treatment response and prognostics in ABC-DLBCL.Te results demonstrated that
the complete response (CR) rate of R-CHOP treatment was higher in ABC-DLBCL with IGFBP3 positive expression than those
with IGFBP3 negative expression (42.0% vs 26.4%), and IGFBP3 positive expression in ABC-DLBCL was signifcantly correlated
with enhanced therapeutic response (P= 0.037). High level of IGFBP3 was negatively correlated with tumorigenesis and de-
velopment and predicted favorable survival time in ABC-DLBCL. In conclusion, IGFBP3 may be utilized as a promising
biomarker for prognosis evaluation and a potential therapy target in ABC-DLBCL patients.

1. Introduction

Te most common aggressive malignant tumor from the
lymphatic system is difuse large B-cell lymphoma (DLBCL),
accounting for approximately 40%–50% of all non-Hodgkin
lymphomas (NHL) [1]. Diferences of genetic expression
profles indicated diferent B-cell diferentiation stages, and
the most widely used system identifed molecularly distinct
subtypes of DLBCL, the activated B cell-like (ABC) DLBCL,
the germinal center B cell-like (GCB) DLBCL, and the
unclassifed [2]. Among Asian populations, especially in
China, the ABC-DLBCL is the predominant subtype [3].Te
emergence of high-fux gene sequencing techniques like full
exome sequencing discovered the genetic pattern of DLBCL
and thus improved the understanding of risk classifcation,

therapeutic targets, and prognostic evaluation [4]. Te
prognosis of patients in the ABC subtype is inferior to that of
the GCB subtype, and the heterogeneity can be traced to
NOTCH1, MYD88, and CD79B mutations [5]. Even though
they share the same immunohistochemical subtype, the risk
and prognosis are still diferent. In the MCD and N1 gene
subtypes, the 3-year event-free survival was higher in pa-
tients ≤60 years of age treated with R-CHOP in combination
with ibrutinib, whereas the prognosis of patients in BN2 was
much poorer [6]. In that case, more novel molecules are
needed to improve the diagnosis during the management of
DLBCL. Currently, rituximab plus cyclophosphamide,
doxorubicin, vincristine, and prednisone (R-CHOP) is the
front-line standard treatment for DLBCL. Despite the fact
that about 60% of newly-diagnosed DLBCL cases can be
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cured by this therapy, up to 45%–50% of patients will relapse
or become refractory [7]. Te survival of patients with re-
fractory DLBCL was poor, with a median overall survival of
6.3months and 20% of 2-year survival [8]. Terefore, ex-
ploring novel therapeutic targets to increase the complete
response (CR) rate and screening for biomarkers to warn
chemotherapy resistance and further to improve the prog-
nostics of DLBCL patients are of clinical value.

On the basis of the previous work of our research group
and literature searching, we found that insulin-like growth
factor-binding protein 3 (IGFBP3) was markedly associated
with the prognosis of ABC-DLBCL. IGFBP3, a member of
the IGFBP family, plays a major role as a carrier of IGFs in
circulation and regulates the availability and activity of IGF
[9]. IGFBP3 has been proven to exhibit an anti-tumor efect
in a p53-dependent manner, and the down-regulation of
IGFBP3 implicates with neuroendocrine diferentiation,
migration and invasion, and therapeutic sensitivity in var-
ious tumors [10–12]. IGFBP3 overexpression reduced the
cell metastasis of head and neck squamous cell carcinoma
(HNSCC), while the silence of IGFBP3 enhanced the met-
astatic phenotype in vitro and in vivo [13]. Besides, IGFBP3
re-sensitized chemo-resistant pancreatic ductal adenocar-
cinoma cells by activating apoptosis through Bcl-2 down-
regulation, Bax upregulation, caspase 3 and caspase 8
activation [14]. Moreover, higher level of IGFBP3 expression
was predictive of superior survival in patients with hepa-
tocellular carcinoma and may be an independent prognostic
biomarker [15]. However, the relationship between IGFBP3
and ABC-DLBCL has not been reported so far.

Given the fact that IGFBP3 suppression contributed to
tumorigenesis and progression, here we determined the
positive expression rate of IGFBP3, analyzed the role of
IGFBP3 in treatment response and prognostic assessment of
ABC-DLBCL, and further validated our results using the
GEO database.

2. Materials and Methods

2.1. Patients. Tumor tissues of 160 patients with newly di-
agnosed ABC-DLBCL were collected at the National Cancer
Center/Cancer Hospital, Chinese Academy of Medical
Sciences (Beijing, China). Te inclusion criteria of the pa-
tients were as follows: ① pathological diagnosis of ABC-
DLBCL;② R-CHOP treatment for 6–8 cycles;③ no heart,
liver, kidney, or other diseases;④ complete clinical records.
Te exclusion criteria were as follows: ① primary medias-
tinal large B-cell lymphoma;② primary DLBCL in the testis
or central nervous system. All patients enrolled were pro-
vided with written informed consent in advance. Te study
was approved by Cancer Hospital, Chinese Academy of
Medical Sciences ethics committee, and the procedures were
carried out in accordance with the Declaration of Helsinki.

2.2. Tissue Microarray Preparation. Te tumor tissues col-
lected were stored at −80°C. After being removed from the
ultra-low temperature freezer, they were fxed with formalin
and then embedded with parafn wax. Te tissues were then

cut into 4 μm-thick sections and stained with HE to label the
tumor area under the microscope. Ten, the tumor areas
were prepared into wax blocks and re-embedded. Two spots
of each tumor tissue were taken, and the prepared wax
blocks were cut into 5 μm/piece chips for subsequent
experiments.

2.3. Detection of IGFBP3 Using RNA In Situ Hybridization.
RNA in situ hybridization (RNAscope) was utilized for
microarray analysis to determine the expression level of
IGFBP3 in ABC-DLBCL according to the previously pub-
lished method [16]. Te human gene IGFBP3 probe was
provided by Advanced Cell Diagnostics (ACD, Newark).

2.4. Microarray Data Preprocessing. Clinical data and gene
expression profles of 292 ABC-DLBCL patients were re-
trieved from the GSE10846 and GSE31312 datasets in the
Gene Expression Omnibus (GEO) database (platform
GPL570). Te inclusion criteria of patients were as follows:
① pathological diagnosis was ABC-DLBCL;② all received
6–8 cycles of R-CHOP treatment; ③ being without other
malignant tumors. Te raw data from the GEO database
were normalized by the “rma” and “mas5” algorithm using
“afy” package in R software. Te batch efect was eliminated
by the “normalizeBetweenArrays” and “removeBatchEfect”
algorithm using the “limma” package. Ten, the logarithmic
transformation was used to convenient subsequent analyses.

2.5. Data Statistics. Te SPSS 26.0 software (IBM, USA) was
used for statistical analysis, and all fgures were drawn by
GraphPad Prism 8.0 (Graph Pad Software, USA). Te Chi-
square test was applied to compare the correlation between
IGFBP3 expression and clinicopathological characteristics.
Te role of IGFBP3 in overall survival (OS) and progression-
free survival (PFS) of patients with ABC-DLBCL was then
assessed using the log-rank (Manteler–Cox) test, and
Kaplan–Meier survival curves were plotted based on
prognostic data. Next, univariate and multivariate Cox re-
gression analyses were performed for OS and PFS to de-
termine the independent prognostic features of ABC-
DLBCL. Te variables of p values <0.15 in the univariate
analysis were brought into the multivariate analysis. All
statistical tests were two-sided, and p< 0.05 was considered
statistically signifcant.

3. Results

3.1. CR Rate of R-CHOP Treatment Was Higher in ABC-
DLBCL with IGFBP3 Positive Expression. A total of 160
newly diagnosed ABC-DLBCL cases treated with R-CHOP
were enrolled retrospectively.Te clinicopathological factors
of ABC-DLBCL patients including age, sex, stage, extranodal
infltration, ECOG score, LDH, IPI score, and treatment
response are listed in Table 1. RNA in situ hybridization was
operated on tissue samples to determine the expression level
of IGFBP3. As was shown, the positive rate of IGFBP3
mRNA expression was 46.2% (36/78) in stage I-II patients
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and 40.2% (33/82) in stage III-IV patients (Figure 1).Te CR
rate of R-CHOP treatment was higher in ABC-DLBCL with
IGFBP3 positive expression than those with IGFBP3 neg-
ative expression (42.0% vs 26.4%).Te positive expression of
IGFBP3 in ABC-DLBCL was remarkably connected with
a favorable therapeutic response (P= 0.037) (Table 1).

3.2. High IGFBP3 ExpressionWas Negatively Correlated with
Advanced Clinical Characteristics in ABC-DLBCL Patients in
the GEO Database. In order to further clarify the role of
IGFBP3 in regulating the development of ABC-DLBCL, a total
of 292 cases were retrieved from the GEO database for sub-
sequent analysis.Te lower 25% of IGFBP3 level was identifed
as a low expression subset and the higher 25% as the high
expression subset. Te results revealed that low expression of
IGFBP3 was closely correlated with advanced tumor stage
(P=0.020), involvement of >1 extranodal sites (P=0.033),
higher IPI score (P=0.007), and elevated LDH levels
(P=0.011) (Table 2). Nevertheless, the features of age, sex,
ECOG score and treatment response exhibited no statistically
diferences. Tese evidences demonstrated that IGFBP3 in-
volved in negatively regulating the clinical development of
ABC-DLBCL.

3.3. High IGFBP3 Expression Predicted Superior Prognosis in
ABC-DLBCL Patients. Next, we investigated the prog-
nostic value of IGFBP3 expression level in ABC-DLBCL

patients from the GEO cohort through log-rank test. Te
analysis indicated that OS of ABC-DLBCL patients with
IGFBP3 high expression was superior to those with
IGFBP3 low expression (P = 0.0310) (Figure 2(a)). Te
PFS of the IGFBP3 highexpression group had a trend to
be better than that of the lowexpression group, though
there was no statistical signifcance (P = 0.1160)
(Figure 2(b)).

3.4. IGFBP3 Tended to Be an Independent Prognostic Bio-
marker for PFS of ABC-DLBCL. Furthermore, univariate
and multivariate Cox regression analyses were carried
out in order to analyze whether IGFBP3 independently
efected the prognosis of ABC-DLBCL. Te results
exhibited that IGFBP3 level, age, stage, extranodal in-
fltration, ECOG score, LDH, IPI score, and treatment
response were clinical characteristics associated with OS
in the univariate analysis (Table 3). ECOG score was an
independent characteristic for OS in the multivariate
analysis (P = 0.008, HR: 2.952, 95% CI: 1.334–6.531). In
terms of PFS, IGFBP3 level, stage, extranodal infltration,
ECOG score, LDH, and IPI score involved in efecting the
prognosis (Table 4). Multivariate Cox regression analysis
demonstrated that IGFBP3 tended to be an independent
prognostic element for PFS (P = 0.055, HR: 0.503, 95%
CI: 0.249–1.016) and LDH independently predicted the
prognosis of ABC-DLBCL (P = 0.017, HR: 1.348, 95% CI:
0.145–0.831).

Table 1: Correlations between the expression level of IGFBP3 and clinicopathological factors of ABC-DLBCL patients.

Variables
Expression level of IGFBP3

p value
Negative Positive

Age
0.472

>60 34 22
≤60 57 47

Sex
0.395

Female 40 35
Male 51 34

Stage
0.451

I-II 42 36
III-IV 49 33

Extranodal infltration
0.301

≤1 52 45
>1 39 24

ECOG score
0.383

≤1 73 59
>1 18 10

LDH
0.943

Normal 48 36
Elevated 43 33

IPI score
0.383

≤2 76 61
>2 15 8

Treatment response
0.037

CR 24 29
Non-CR 67 40

ECOG, eastern cooperative oncology group performance status; LDH, lactate dehydrogenase; IPI, international prognostic index; CR, complete response;
non-CR, partial response, stable disease, progressive disease; bold, signifcant diference.
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4. Discussion

R-CHOP immunochemotherapy has been the standard frst-
line regimen for patients with DLBCL for decades. However,
relapse and refractory of DLBCL are key problems in clinical
practice, which remarkably afect the outcome of DLBCL
patients. For recurrent and refractory DLBCL patients,
chemo-resistance is the main obstacle remained to be solved.
Terefore, exploring novel tumor biomarkers to early warn
drug resistance and developing potential targets to improve
treatment efciency have important clinical implications.
Proteomics and transcriptomics research has found some
molecules that are related to the immunotherapy and
chemotherapy response in DLBCL. Nuclear protein
CYCLON and nucleolar multifunctional protein NPM1
were found to be associated with DLBCL advance and anti-
CD20 therapy resistance, which may be potential novel
targets for DLBCL treatment [17]. Besides, miR-197 low
expression was signifcantly correlated with progression and
prognosis of DLBCL and played a chemo-sensitizing efect
in ABC-DLBCL [18]. However, metabolism-related studies
in DLBCL treatment resistance were relatively few compared
with proteomics and transcriptomics studies.

Te molecular landscape of cancer metabolism and
tumor microenvironment opens up a new perspective for
understanding the characteristics of DLBCL. Te insulin-

like growth factors (IGFs) and the family of IGFBPs involve
in metabolism regulation and sustain metabolic homeo-
stasis. Among them, IGFBP3 is the most plentiful circulating
IGFBP and carries out the main IGF transport function [19].
IGFBP3 is an essential molecule that controls cellular ac-
tivities such as cell proliferation, diferentiation, and apo-
ptosis. Previous studies had demonstrated that the absence
of IGFBP3 was involved in intrinsic or acquired resistance to
chemotherapy or targeting therapy in diferent types of
cancer. IGFBP3 expression was signifcantly down-regulated
in cisplatin-resistant non-small cell lung cancer (NSCLC)
cells, and overexpression of IGFBP3 enhanced the cisplatin
response by blocking IGF1 signaling [20]. IGFBP3 expres-
sion was down-regulated in Her2-positive breast cancer cells
with trastuzumab resistance and led to the inhibition of the
Wnt pathway and the rise of Cullin7 expression mediated by
TCF7L2 [21]. Excessive expression of IGFBP3 dominantly
repressed cell growth in prostate cancer, and the enhance-
ment of docetaxel cytotoxicity in prostate cancer cells by
low-dose dihydrotestosterone/calcitriol depended on
IGFBP3 expression [22]. Nevertheless, the role of IGFBP3 in
ABC-DLBCL has not been documented up to now. Tese
discoveries inspired us to explore the relationship between
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Figure 1: Tissue images of RNA in situ hybridization for IGFBP3
diferential expression in ABC-DLBCL.

Table 2: Correlations between the expression level of IGFBP3 and
clinicopathological factors in ABC-DLBCL patients from the GEO
database.

Variables

Expression
level of
IGFBP3 p value

Low High

Age
0.159

≤60 20 28
>60 53 45

Sex
0.238

Female 33 26
Male 40 47

Stage
0.020

I-II 25 39
III-IV 48 34

Extranodal infltration
0.033

≤1 50 61
>1 23 12

ECOG score
0.442

≤1 53 57
>1 20 16

LDH
0.011

Normal 22 37
Elevated 51 36

IPI score
0.007

≤2 36 52
>2 37 21

Treatment response
0.706

CR 53 55
Non-CR 20 18

ECOG, eastern cooperative oncology group performance status; LDH,
lactate dehydrogenase; IPI, international prognostic index; CR, complete
response; non-CR, partial response, stable disease, progressive disease; bold,
signifcant diference.
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the metabolism-related molecule IGFBP3 and R-CHOP
treatment response in patients with ABC-DLBCL.

Te present study initially identifed the expression of
IGFBP3 in ABC-DLBCL tissues using RNAscope. RNA-
scope makes rapid molecular diagnostic assays of tumor
biomarkers based on RNA in situ hybridization (RISH) with

high sensitivity and specifcity. Te results demonstrated
that 46.2% (36/78) in stage I-II and 40.2% (33/82) in stage
III-IV of ABC-DLBCL cases were positive for IGFBP3
mRNA expression. More importantly, compared with
IGFBP3 negative expression patients, the CR rate of
R-CHOP treatment was obviously better in those with

Table 3: Univariate and multivariate Cox regression analysis of OS from GEO.

Variables
Univariate Cox Multivariate Cox

HR 95% CI p HR 95% CI p

IGFBP3 expression (high vs low) 0.604 0.365–0.997 0.049 0.722 0.367–1.419 0.345
Age (>60 vs ≤60) 1.588 1.067–2.363 0.023 1.508 0.664–3.427 0.327
Sex (male vs female) 0.869 0.609–1.240 0.439
Stage (III + IV vs I + II) 2.019 1.365–2.986 <0.001 1.778 0.329–1.837 0.567
Extranodal infltration (>1 vs ≤1) 2.191 1.485–3.234 <0.001 1.069 0.327–3.500 0.912
ECOG score (>1 vs ≤1) 2.779 1.901–4.062 <0.001 2.952 1.334–6.531 0.00 
LDH (elevated vs normal) 1.955 1.264–3.024 0.003 1.837 0.298–2.354 0.736
IPI score (>2 vs ≤2) 3.615 2.168–6.026 <0.001 2.368 0.606–9.261 0.215
Treatment response (non-CR vs CR) 1.581 0.953–2.624 0.076 1.309 0.522–3.283 0.566
ECOG score, eastern cooperative oncology group score; LDH, lactate dehydrogenase; CR, complete response; non-CR, partial response, stable disease,
progressive disease; bold, signifcant diference.

Table 4: Univariate and multivariate Cox regression analysis of PFS from GEO.

Variables
Univariate Cox Multivariate Cox

HR 95% CI p HR 95% CI p

IGFBP3 expression (high vs low) 0.624 0.350–1.112 0.110 0.503 0.249–1.016 0.055
Age (>60 vs ≤60) 1.167 0.754–1.806 0.489
Sex (male vs female) 0.822 0.544–1.240 0.349
Stage (III + IV vs I + II) 2.372 1.503–3.744 <0.001 1.005 0.420–2.407 0.990
Extranodal infltration (>1 vs ≤1) 2.314 1.495–3.582 <0.001 1.332 0.648–2.737 0.435
ECOG score (>1 vs ≤1) 2.252 1.429–3.549 <0.001 1.609 0.723–3.582 0.244
LDH (elevated vs normal) 1.482 0.918–2.390 0.107 1.348 0.145–0.831 0.017
IPI score (>2 vs ≤2) 3.209 1.840–5.598 <0.001 2.914 0.850–9.985 0.089
Treatment response (non-CR vs CR) 1.106 0.616–1.988 0.735
ECOG score, eastern cooperative oncology group score; LDH, lactate dehydrogenase; CR, complete response; non-CR, partial response, stable disease,
progressive disease; bold, signifcant diference.
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Figure 2: Kaplan–Meier survival curves for OS and PFS of patients with ABC-DLBCL in diferent IGFBP3 expression levels from the GEO
database.
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IGFBP3 positive expression (42.0% vs 26.4%). Te positive
level of IGFBP3 in ABC-DLBCL was signifcantly correlated
with a higher R-CHOP treatment response (P= 0.037).

Providing IGFBP3 expression infuenced the therapeutic
efect, we further clarifed how IGFBP3 regulated ABC-
DLBCL tumorigenesis and development. Te Chi-square
analysis exhibited that high IGFBP3 was negatively corre-
lated with tumor stage, extranodal infltration, LDH levels,
and IPI score, which demonstrated IGFBP3 involved in
repressing ABC-DLBCL clinicopathological progression.
Te revised-IPI(R-IPI) has shown excellent performance in
risk stratifcation and prognostic evaluation of DLBCL pa-
tients. Te patients with very high-risk R-IPI have 100% 3-
year PFS (95%CI: 88%-100%), and R-IPI predicted outcome
with high accuracy according to a Danish-Canadian study
consisting of 443 patients diagnosed with DLBCL [23]. It is
worth noting that the treatment response in the GEO cohort
did not exhibit a statistical diference. Te main reason may
be the diferent CR rates due to the diferent patients en-
rolled. Patients in GSE10846 were from the Lymphoid
Malignancies Branch, National Cancer Institute, USA, and
patients in GSE31312 were from the Department of Bio-
informatics, Roche Molecular Systems. In that case, patients
in diferent regions may have discrepancies in race and
treatment responsiveness, refecting by the fact that the CR
rate in the GEO cohort was obviously higher than our cohort
(74.0% vs 33.1%).

Since IGFBP3 conveyed a suppression on ABC-DLBCL
development and a negative correlation with IPI score, the
relationship between IGFBP3 and prognosis of ABC-DLBCL
was analyzed. Te results exhibited that the OS of ABC-DLBCL
patients with IGFBP3 high expressionwas favorable and the PFS
of the IGFBP3 high expression group had a trend to be better
compared with those with IGFBP3 low expression. Univariate
and multivariate Cox regression statistics indicated that IGFBP3
tended to be an independent prognostic biomarker for PFS of
ABC-DLBCL. High expression of IGFBP3 was presented as
a protective role and may serve as a promising signal in the
prognostic assessment of patients with ABC-DLBCL. IGFBP3
has shown its value in the prognosis evaluation of diferent
tumors. Te levels of IGFBP3 mRNA and protein were de-
creased in pancreatic ductal adenocarcinoma, and IGFBP3 was
positively associated with OS [24]. In addition, a high IGFBP3
level was signifcantly associated with an early, nonserous his-
tology and optimal cell reduction of invasive epithelial ovarian
cancer, and the OS and PFS times were signifcantly better
among patients with high IGFBP3 levels [25]. However, an
observational and Mendelian randomization analysis from the
UKBiobank found that IGFBP3 concentrations were not related
to the risk of breast cancer (OR=1.00) [26]. In addition, another
serologic analysis based on a genome-wide association study
revealed that the level of IGFBP3 predicted an increasing risk of
colorectal cancer (OR=1.12) [27]. Tese inconsistencies en-
lighten researchers to comprehensively consider the risk as-
sessment of IGFBP3 according to specifc tumors.

Although IGFBP3 performed well in the prognosis
monitoring of ABC-DLBCL, certain limitations in our study
should be taken into consideration. First of all, the PFS of
our cohort did not exhibit a signifcant diference, which

may be due to the bias occurring in judging tumor pro-
gression. Further trace and record are needed to provide
more complete prognostic analysis. Besides, contribution to
or suppression on carcinogenesis depends on the molecular
mechanism IGFBP3 involves, thus biological experiments
in vivo and vitro are required to determine the signaling
pathway.

In conclusion, ABC-DLBCL patients with IGFBP3
positive expression had a stronger CR rate with R-CHOP
treatment. Elevated level of IGFBP3 was negatively associ-
ated with ABC-DLBCL clinical development. IGFBP3 may
be a promising biomarker to predict a favorable prognosis of
ABC-DLBCL and a potential target for ABC-DLBCL pre-
cision medicine in clinical practice.
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