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Abstract. The present study investigated the expression and
clinical significance of kelch-like ECH-associated protein 1
(Keapl) and nuclear factor erythroid-2-related factor-2 (Nrf2)
expression in diffuse large B-cell lymphoma (DLBCL). These
proteins were detected by immunohistochemistry in 39 DLBCL
cases and 17 cases of reactive lymph node hyperplasia, and
their association with the clinicopathological features of
DLBCL patients was analyzed. In DLBCL, the percentage of
cells with positive staining for Keapl and Nrf2 was 46.2 and
35.9%, respectively, which was significantly higher than that in
reactive lymph node hyperplasia (17.7 and 5.9%, respectively).
There was no correlation between Keapl and Nrf2 expression
according to a Spearman rank correlation analysis (r=0.272;
P>0.05). Keapl and Nrf2 expression was associated with
the international prognostic index and Ann-Arbor clinical
stage (P<0.05), and Keapl and Nrf2 expression was higher
in DLBCL patients with stage III-IV (68.4 and 52.6%,
respectively) compared with in those with stage I-IT (25.0 and
20.0%, respectively). The aberrant expression of Keapl and
Nrf2 in DLBCL suggests that these factors may have crucial
roles in the development and progression of the disease, and
may therefore be used as prognostic indicators.

Introduction

Diffuse large B-cell lymphoma (DLBCL) is an invasive and
malignant tumor derived from mature B lymphocytes. It is
the most common type of non-Hodgkin lymphoma (NHL),
accounting for 30-40% of the morbidity of this disease (1).
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Although a subset of patients may be successfully treated by
chemotherapy, the recurrence rate is high. Therefore, further
study to identify novel therapeutic options to treat patients
with DLBCL is warranted. Oxidative damage induced by
oxidative stress may be associated with the occurrence and
development of lymphoma (2,3). Under physiological condi-
tions, the Kelch-like ECH associated protein 1 (Keapl)/nuclear
factor erythroid-2-related factor-2 (Nrf2) signaling pathway is
a critical system that responds to oxidative stress in vivo (4).
It has been indicated that this signaling pathway is associated
with the development of conditions including inflamma-
tion (5), tumors (6), nerve injury (7), cardiovascular disease (8)
and chronic obstructive pulmonary disease (9). Most available
studies on Keapl and Nrf2 expression have mainly focused on
lymphoma cell lines, and few have reported on their expres-
sion in DLBCL tissues. The present study was performed to
characterize Keapl and Nrf2 expression in DLBCL tissues
by immunohistochemical staining, and to explore the role of
these proteins in the development and progression of DLBCL.
Specifically, the association between the expression of these
proteins and clinical features was assessed in an attempt to
provide novel approaches for the treatment of DLBCL.

Materials and methods

Patients. The present study included 39 cases of de novo DLBCL,
and paraffin-embedded specimens that were histologically
confirmed by pathologists of Gansu Provincial Hospital (Lanzhou,
China) between October 2012 and November 2016 were utilized.
Samples were derived from 21 males and 18 females, whose
age ranged from 16 to 83 years of age (median age, 56 years).
A total of 17 paraffin-embedded specimens comprising cases of
reactive lymph node hyperplasia during the same period, were
included in the control group, and the age of these donors varied
from 16-70 years of age (median age, 41 years). Diagnoses were
confirmed by an experienced pathologist according to the World
Health Organization (WHO) classification of tumors of hemato-
poietic and lymphoid tissues in 2016 (10). The complete clinical
data were collected for each subject. Patients with the following
diseases were excluded: Other malignant tumors, acute infec-
tion, cardiovascular diseases, chronic obstructive pulmonary
disease, neurodegenerative diseases, liver diseases and ocular
diseases, including age-associated macular degeneration,
cataracts, diabetic retinopathy and glaucoma (5,7-9,11-13). The
present study was approved by the Ethics Committee of Gansu


https://www.spandidos-publications.com/10.3892/etm.2018.6208
https://www.spandidos-publications.com/10.3892/etm.2018.6208

574

Provincial Hospital and all patients provided written informed
consent.

Reagents. Rabbit anti-Keapl antibody (cat. no. bs-4900R;
dilution, 1:400), rabbit anti-Nrf2 antibody (cat. no. bs-1074R;
dilution, 1:400), biotin-conjugated goat anti-rabbit immu-
noglobulin (Ig)G/bio antibody (cat. no. bs-0295G-bio;
dilution, 1:100), streptavidin-horseradish peroxidase antibody
(cat. no. bs-0437P-HRP; dilution, 1:500) and diaminobenzi-
dine (DAB) staining kit (cat. no. C02-04001) were purchased
from Beijing Bioss Biotech Co., Ltd. (Beijing, China).

Immunohistochemical staining. All specimens were fixed
in 10% neutral formalin, embedded in paraffin, sliced to a
thickness of 4 ym and stained. First, the slides were baked at
60°C for 2 h. Subsequently, the paraffin sections were dewaxed
three times using xylene (15 min each time) and hydrated in a
descending series of ethanol. Antigen retrieval was performed
by boiling samples in 0.01 M citrate buffer (pH 6.0) at 95°C for
15 min, followed by cooling to room temperature. The paraffin
sections were incubated at room temperature in 3% hydrogen
peroxide solution for 20 min to eliminate endogenous peroxi-
dase activity. Samples were then incubated in 10% normal
goat serum at 37°C for 20 min, and the primary antibody
(anti-Keapl or anti-Nrf2) was then added, followed by incuba-
tion at 4°C overnight. Following the addition of the antibody
(biotin-conjugated goat anti-rabbit IgG secondary antibody),
sections were incubated at 37°C for 20 min. An antibody
(streptavidin-horseradish peroxidase tertiary antibody) was
added to the sections at 37°C for 20 min. After each completed
step, the slides were washed three times with PBS for 5 min
each. DAB chromogenic reagent was added, and samples were
counterstained with hematoxylin, hydrated in an ascending
series of ethanol, cleared in xylene and mounted. Samples
in which the primary antibody (anti-Keapl or anti-Nrf2) was
replaced with PBS served as a negative control.

Evaluation of staining. Keapl and Nrf2 staining was evaluated
and analyzed by two senior doctors in the pathology depart-
ment (Dr Yamei Dang and Dr Fenghui Zhao; Gansu Provincial
Hospital, Lanzhou, China) under low magnification (x100),
high magnification (x400) and oil immersion microscopy
(x1,000). If there was a disagreement, the result of staining
was evaluated and analyzed by a third doctor. If two doctors
had the same result, that was considered the final result. All
pathologists were unaware of the clinical data. The staining
results were evaluated as follows (14-16): The percentage of
positively stained cells were as follows: 0, 0-5%; 1, 6-25%; 2,
26-50%; 3, 51-75%;, and 4, 76-100% of cells stained. Sections
were also scored on the basis of staining intensity: 0, nega-
tive or no staining; 1, pale yellow, weak staining intensity;
2, yellow, moderate staining intensity; and 3, brown, strong
staining intensity. The semi-quantitative score was based on
the multiplication of positive cell percentage and positive cell
staining intensity score. Staining results were divided into
four grades based on the scores regarding the percentage of
positively stained cells and staining intensity. Results were
presented as follows: O (-, negative), 1-4 (+, weakly positive),
5-8 (++, moderately positive) and 9-12 (+++, strongly positive).
Samples rated as (+) - (+++) were regarded as positive.
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Statistical analysis. Data was analyzed using SPSS 22.0
software (IBM Corp., Armonk, NY, USA). The positive rates
between different groups were compared by performing a
¥’ test [n>40; theoretical frequency (T) =5], continuity correc-
tion of %* test (n=40, 1<T<5) and Fisher's exact test (n<40 or
T<1). Spearman's rank correlation analysis was used to assess
the correlation between Keapl and Nrf2. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Keapl and Nrf2 expression in reactive lymph node hyper-
plasia and DLBCL tissues. Immunohistochemical staining for
Keapl was observed as yellow or brown granules that were
predominantly located in the cytoplasm, with a few situated
in the nucleus (Fig. 1). However, Nrf2 staining presented
as yellow or brown granules, which were mainly located in
the cellular nuclei, with little staining was detected in the
cytoplasm (Fig. 2). In the reactive lymph node hyperplasia
samples, Nrf2 staining for 1 case was positive in the nuclei
of the follicle cells, while it was negative for the other cases.
In 3 cases, Keapl staining was scattered in the cytoplasm of
the follicle cells, plasmacytes and histiocytes. In most DLBCL
tissues, a strong expression of Keapl was observed, with a
diffuse distribution in the cytoplasm of heterotypic malignant
lymphocytes (Fig. 1E). Furthermore, a strong expression of
Nrf2 was mainly observed as a diffuse distribution in the
nuclei of heterotypic malignant lymphocytes (Fig. 2E). In
addition, a weak or moderate expression of Keapl and Nrf2
was observed in malignant lymphocytes (Fig. 1C and D;
Fig. 2C and D). The Keapl positivity rate in DLBCL tissues
was 46.2%, which was significantly higher than that of reactive
lymph node hyperplasia (17.7%; P<0.05; Table I). Furthermore,
statistical analysis indicated that the positivity rate of Nrf2 was
35.9% in DLBCL tissues and only 5.9% in reactive lymph node
hyperplasia, and this difference was statistically significant
(P<0.05; Table I).

Association between Keapl or Nrf2 expression and clinicopath-
ological features in DLBCL. In DLBCL tissues, the expression
levels of Keapl and Nrf2 were associated to the international
prognostic index (IPI) and Ann-Arbor clinical stage (P<0.05),
and Keapl and Nrf2 expression was higher in DLBCL patients
with stage III-IV (68.4 and 52.6%, respectively) compared with
those with stage I-IT (25.0 and 20.0%, respectively). However,
Keapl or Nrf2 expression was not associated with patient age,
sex and lactate dehydrogenase levels (P>0.05; Table II).

Correlation between Keapl and Nrf2 expression in DLBCL
tissues. Out of 14 cases of DLBCL with expression of Nrf2,
expression of Keapl was detected in 9 cases. Statistical analysis
indicated that Nrf2 expression was not correlated with Keapl
expression in DLBCL tissues (r=0.272, P=0.094; Table III).

Discussion

The present study provided the first evidence of high expression
of Keapl and Nrf2 proteins in DLBCL tissues, to the best of
our knowledge. The Keapl-Nrf2/antioxidant response element
(ARE) signaling pathway is a key endogenous antioxidant
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Figure 1. Representative immunohistochemical images with staining for Keapl. (A) Reactive lymph node hyperplasia tissue with negative staining for Keapl.
(B-E) diffuse large B-cell lymphoma tissues with (B) negative staining, (C) weakly positive staining (+), (D) moderately positive staining (++) and (E) strongly
positive staining (+++) for Keapl. Magnification, x400. Keapl, kelch-like ECH-associated protein 1.

Figure 2. Representative immunohistochemical images with staining for Nrf2. (A) Reactive lymph node hyperplasia tissue (magnification, x100) with negative
staining for Nrf2; (B-E) diffuse large B-cell lymphoma tissues with (magnification, x1,000) (B) negative staining, (C) weakly positive staining (+), (D) moder-
ately positive staining (++) and (E) strongly positive staining (+++) for Nrf2. Nrf2, nuclear factor erythroid-2-related factor-2.

stress response pathway and induces endogenous antioxidant
reactions. This pathway mainly comprises three parts, namely
Keapl, Nrf2 and ARE (17). Keapl is aptly named because
it is similar to the Drosophila actin binding protein Kelch,
which is a polypeptide containing 624 amino acids (18). Nrf2
is a basic leucine zipper transcription factor and belongs
to the Cap'n'Collar subfamily, which was first reported by
Moi et al (19) in 1994. Keapl is a large cytoplasmic chaperone
of Nrf2 that has a negative role in the regulation of Nrf2 tran-
scriptional activity. Under oxidative stress from endogenous
and exogenous sources, Nrf2 dissociates from Keapl, translo-
cates to the nucleus, and transactivates a series of downstream
antioxidant enzymes and phase-II detoxification enzymes to

combat oxidative stress (11). Therefore, the expression of Nrf2
and Keapl indicates that Nrf2 dissociates from Keapl and in
turn has been activated. Relevant studies report that Nrf2 has
opposing actions in humans (5,20). Furthermore, the present
study suggests that Nrf2 does not only protect normal cells, but
also cancer cells from oxidative damage, thereby promoting
their growth and survival (21).

Previous studies have demonstrated that Keapl and Nrf2
are aberrantly expressed in solid tumors. Kawasaki et al (22)
reported that abnormal expression of Nrf2 is closely associated
with clinical characteristics of gastric cancer, including lymph
node metastasis and clinical stage. Nrf2 expression may also
be associated with resistance to chemotherapy. In addition,
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Table I. Keapl and Nrf2 expression in DLBCL tissues and reactive lymph node hyperplasia.

Keapl Nrf2
Group n Positives 1> P-value Positives ¥ P-value
DLBCL tissues 39 18 (46.2) 4.105 0.043° 14 (35.9) 4016 0.045"
Reactive lymph node hyperplasia 17 3(17.7) 1(5.9)

1P<0.05, ¥ test (n>40; T>5); "P<0.05, %> test (n>40; T=4.55). Values are expressed as n (%). DLBCL, diffuse large B-cell lymphoma; Nrf2,
nuclear factor erythroid-2-related factor-2; Keapl, kelch-like ECH-associated protein 1; T, theoretical frequency.

Table II. Association between Keapl or Nrf2 expression and clinicopathological features of patients with diffuse large B-cell
lymphoma.

Keap1 expression Nrf2 expression
Variable n Positives P-value® Positives P-value®
Age (years) 1.000 0.740
<50 15 7 (46.7) 6 (40.0)
>50 24 11 (45.8) 8 (33.3)
Sex 0.752 0.180
Male 21 9429 10 (47.6)
Female 18 9 (50.0) 4(22.2)
LDH (U/) 0.192 0.740
<250 16 5(31.3) 5(31.3)
>250 23 13 (56.5) 9(39.1)
Clinical stage 0.010 0.048
I-1I 20 5(5.0) 4(20.0)
I-1v 19 13 (68.4) 10 (52.6)
IPI 0.025 0.043
0-2 23 7 (30.4) 521.7)
3-5 16 11 (68.8) 9 (56.3)

“Fisher's exact test (n=39). Values are expressed as n (%). Nrf2, nuclear factor erythroid-2-related factor-2; Keap1, kelch-like ECH-associated
protein 1; LDH, lactate dehydrogenase; IPI, international prognostic index.

Table III. Correlation between Keap1 and Nrf2 expression in diffuse large B-cell lymphoma tissues.

Nrf2 expression (n)

Keapl expression (n) Positives (%) Negatives (%) r-value P-value
Positives 9(23.1) 9(23.1) 0.272 0.094
Negatives 5(12.8) 16 (41.0)

Nrf2, nuclear factor erythroid-2-related factor-2; Keap1, kelch-like ECH-associated protein 1. Samples rated as (+) to (+++) were regarded as
positive. Samples rated as (-) was regarded as negative. There were a total of 39 cases.

Isohookana et al (23) suggested that Keapl overexpression may  Nrf2 gene mutation, which is linked with poor prognosis and
be a promising prognostic biomarker for pancreatic cancer. recurrence. Furthermore, Nrf2 mutations were identified to be
Shibata et al (24) utilized resequencing analysis to demon-  mainly located in the Keapl binding domain. Another study
strate that esophageal squamous cancer is associated with an by Shibata et al (25) indicated that Keapl gene mutations in



gallbladder cancer may result in Nrf2 overexpression. These
authors speculated that this may be the molecular mechanism
of chemotherapy resistance.

At present, little is known regarding Keapl and Nrf2
expression in lymphoma tissues. In the present study, Keapl
and Nrf2 expression was detected in DLBCL tissues by immu-
nohistochemistry. The results indicated that Keapl and Nrf2
expression was higher in DLBCL tissues than that in reactive
Ilymph node hyperplasia tissues, and their expression was
correlated with the IPI and Ann-Arbor clinical stage (P<0.05).
In addition, and Keapl and Nrf2 expression was higher in
patients with stage I1I/TV DLBCL. In addition, no correlation
was identified between Nrf2 and Keapl expression in DLBCL
tissues. The reason for this remains elusive but it may be due to
Keapl mutations, which alter the structure of Keapl such that
the degradation of Nrf2 is impaired (26). The present results
suggest that Keapl and Nrf2 may have crucial roles in disease
development, and hence may be used as prognostic indicators.

Studies have been found that, in many other cancers,
Nrf2 may be closely linked to chemotherapy resistance,
promote tumor growth and lead to poor prognosis, including
lung cancer (27), pancreatic carcinoma (23,28), breast
cancer (29,30), head and neck cancer (31), prostate cancer (32),
ovarian carcinoma (33,34) and cervical cancer (35). In addition,
in hematopoietic malignancies, only few studies have reported
on Nrf2 expression in lymphoma cell lines. Zha et al (36)
reported that in the Raji cell line, treatment with disulfiram
(DS) and DS/Cu causes excessive production of reactive
oxygen species such that Nrf2 expression is inhibited, which
subsequently promotes apoptosis in transplanted tumors in
nude mice. It has also been indicated that inhibition of Nrf2
expression may promote apoptosis of lymphoma cells. A study
by Chen et al (37) on the relapse of mantle cell lymphoma
compared Nrf2 expression between bortezomib-sensitive
cell lines (Jeko and SP53) and resistant cell lines (Mino and
Rec-1) after bortezomib treatment. The results indicated that
Nrf2 expression was upregulated in bortezomib-resistant cell
lines, whereas it was decreased or not significantly changed in
sensitive cell lines. This suggested that elevated Nrf2 expres-
sion may be associated with bortezomib resistance in mantle
cell lymphoma. These studies indicated that elevated Keapl
and Nrf2 expression may be associated with chemotherapy
resistance and replace of lymphoma, but the underlying
mechanisms remain to be elucidated.

According to the results of the present study, Keapl and
Nrf2 may have crucial roles in the development of DLBCL
and are associated with patient prognosis. However, the present
study has certain limitations: According to the 2016 revision
of the WHO classification of lymphoid neoplasms, DLBCL
comprises numerous subtypes. Therefore, in the present study,
different subtypes of DLBCL cases were collected to increase
the sample size and minimize the error of the final statistical
results. In addition, the present study examined a relatively small
number of cases, none of the patients were followed up, and the
median survival was unknown. Therefore, further experiments
are required that include the examination of more samples and
follow-up analyses for the same or even different subtypes of
DLBCL patients. Furthermore, cell and animal experiments
will be performed in the future to explore the specific molecular
mechanisms through which Keapl and Nrf2 regulate DLBCL
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and further determine whether Keapl and Nrf2 expression is
associated with chemotherapy resistance in DLBCL.
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