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Introduction: Diffuse large B-cell lymphoma (DLBCL) is the most common lymphatic neoplasm, accounting
for about 30-40% of non-Hodgkin’s lymphoma cases.

Objectives: DLBCL is a progressive disease with clinical, genetic and molecular heterogeneity. The prognostic
value of B-cell lymphoma 2 (BCL2) and Ki-67 in DLBCL patients has been controversial.

Patients and Methods: In this study, we investigated the correlation of BCL2 and Ki-67 expression with
clinical features such as age, gender, B symptoms and lactate dehydrogenase (LDH) levels, subtypes of
DLBCL, its staging and prognosis in 36 cases of DLBCL. The expression of BCL2 and Ki-67 was measured by
immunohistochemistry.

Results: There was no significant correlation between BCL2 expression and staging (P=0.082), however Ki-67
expression had a significant correlation with staging (P=0.002). There was no statistically significant correlation
between BCL2 and Ki-67 with prognosis of the disease. We found a significant correlation between the germinal
center B-cell (GCB) and non- GCB subtypes with BCL2 expression (P=0.024), since patients with non- GCB
subtype had a higher BCL2 expression. Our study also demonstrated a significant relationship between BCL2
and Ki-67 expression, therefore, with the increase of the expression of a marker, another increases (P=0.045).
Conclusion: BCL2 and Ki-67 expressions were not associated with prognosis. Overexpression of Ki-67 was
associated with higher clinical stages. BCL2 expression is higher in non-GCB subtype of DLBCL. Therefore,
our study shows that the subsequent studies of BCL2 and other biomarkers in the DLBCL should be based on
the DLBCL subtypes.

Introduction

Diffuse large B-cell lymphoma (DLBCL)
is the most common lymphatic neoplasm,
accounting for about 30-40% of non-
Hodgkin’s lymphoma cases (1). DLBCL is a
progressive disease, with a heterogeneity at
the clinical, genetic and level of expression (2).
The diagnosis of DLBCL is based on biopsy of
the abnormal lymph node and radiographic
imaging. Approximately 50-60% of patients
are treated with a standard chemotherapy
regimen with R-CHOP (rituximab,
cyclophosphamide, doxorubicin, vincristine,
and prednisone) (3,4).

DLBCL based on the gene expression
profile, is classified into subtypes of germinal
center B-cell like (GCB) with good prognosis,
activated B-cell like (ABC) with poor
prognosis and 10-15% of unclassifiable cases
(5). Moreover, this disease is mostly classified

Key point

In a retrospective study based on collection of tissue
samples of lymph nodes from 36 diffuse large B-cell
lymphoma patients, we found a statistically significant
correlation between Ki-67 expression and diffuse
large B-cell lymphoma stages.

into two GCB and non-GCB groups based
on Hans’s algorithm using multiple myeloma
oncogene 1 (MUMI), CD10, and B-cell
lymphoma 6 (BCL6) immunohistochemistry
(IHC) markers (3, 6).

Abnormalities in genes such as BCL2, P53
and MYC have been reported in DLBCL
(7). Protein BCL2 is an anti-apoptotic
biomarker that plays an important role
in the development and differentiation of
B cells. The effect of BCL2 expression on
survival of patients who received rituximab
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is controversial. Some studies have demonstrated that
adding rituximab to standard chemotherapy in GCB-
DLBCL overcomes the poor prognosis of BCL2 expression
(8). Although other studies have shown that co-expression
of BCL2 and MYC proteins in DLBCL patients have poor
prognosis associated with R-CHOP treatment (9,10).
In the study by Perry et al, the risk of death in patients
with overexpression of BCL2 and MYC was nine times
higher compared to down-expression of both biomarkers.
Therefore, increased expression of BCL2 and MYC in
patients was associated with poor prognosis (11). Ki-
67 is expressed during the active phase of the cell cycle,
especially mitosis, but is not expressed in the GO phase.
Ki-67 has been reported as a marker for identifying non-
Hodgkin’s lymphoma patients with poor prognosis (12).
Several studies indicated that overexpression of Ki-67
correlated with poor prognosis in DLBCL patients treated
with R-CHOP (13-16).

Objectives

In this study, the expression of BCL2 and Ki-67 markers
in the GCB and non-GCB subtypes of DLBCL was
investigated by immunohistochemistry. Then, the
association of these markers with the prognosis and
clinical stage of the patients has been studied.

Materials and Methods

Subjects

For analysis of BCL2 and Ki-67 expression levels in this
descriptive cross-sectional study, we used formalin-fixed,
paraffin-embedded tissue samples of the DLBCL patients
that admitted in the Ghaem hospital (Mashhad, Iran)
in the period from 2007 to 2011. The following samples
were excluded from the study; 1) unrepresentative or
insufficient tissue sample for the immunohistochemistry
analysis; 2) lack of histological confirmation of DLBCL; 3)
incomplete documentation in patient clinical records. By
applying these exclusion criteria, 36 cases (30 males and 6
females) with DLBCL were analyzed retrospectively.

Immunohistochemistry study

The paraffin-embedded tissue blocks were cut at 2-5 pm
sections. The sections were transferred into glass slides
suitable for immunohistochemistry. The slides were
allowed to dry at room temperature for 18-24 hours. Then
the deparaffinization of slides was conducted in four
changes of xylene, (5 minutes each). For rehydration, the
slides were transferred to 100% alcohol for 2 minutes and
then transfer once through 90%, 80% and 70% alcohols
respectively for 3 minutes each. For antigen retrieval,
the sections first were incubated in EDTA Tris solution
at bain-marie (24-98) for 20 minutes and then rinsed in
Tris for 5 min. Blocking endogenous peroxidase activity
has done by incubating sections in 3% H20O2 solution in
methanol at room temperature for 10 minutes and again
slides rinsed in Tris for 5 minutes. After Draining off

the blocking buffer from the slides, 100 uL appropriately
diluted primary antibody (Ki-67 and BCL2 antibody
dilution buffers are provided ready to use) was applied
to the sections on the slides. The sections were then
incubated overnight with the BCL2 antibody and for Ki-
67 incubate in a humidified chamber at room temperature
for 1.5 hours. After washing the slides, the sections were
then incubated with biotinylated secondary antibody and
peroxidase conjugated streptavidin using the Dako Real
detection system and diaminobenzidine (Dako) according
to the manufacturer’s instructions. The final step involved
reactivity of the linked enzyme with the chromogen DAB
for 10 minutes (Figure 1).

Evaluation

Immunostaining for Ki-67 and BCL2 was evaluated by
determining the number of positive cells expressing
nuclear Ki-67 and BCL2 among the total cells using a light
microscope. Ki67- was defined as the percentage of total
number of tumor cells (at least 1000) with nuclear staining
ten randomly selected fields over 10 (x 40). Scoring was as
follows; (score 1* = 0-25 %); (score 2* = 25-50 %); (score
3*=50-75 %) and (score 4* = 75-100 %). BCL2 expression
was also assessed according to intensity and the scoring
was as follows; (score 1* = 0-5 %); (score 2* = 5-25 %);
(score 3" = 25-50 %); (score 4" = 50-75 %) and (score 5" =
75-100 %). For Ki-67, expression below 25% was taken as
low-expression; the remaining was classified as high and
also determined cut off for BCL2 was 25 %, therefore, the
samples were classified as negative (<25%) and positive
(=25%).

Ethical approval

The Ethics Committee of Mashhad University of
Medical Sciences approved this study (IRMULMED.
REC.1398.255043). All study protocols were approved
by the institutional ethical committee at Ghaem hospital
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Figure 1. (A) Immunohistochemical staining of nuclei for ki67. Staining is
observed in 50% of cells. (B) Immunohistochemical staining of nuclei for
BCL2 (x400).
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at Mashhad University of Medical Sciences. Accordingly,
written informed consent was taken from all participants
before any intervention.

Statistical analysis

Ki-67 and BCL2 immunopositivity and association
between clinicopathological categories were analyzed
using the chi-square test, paired t test and Mann-Whitney
U test where applicable. P values of less than 0.05 were
considered to indicate the statistical significance. All
statistical analyses were carried out by SPSS.

Results

Patient characteristic

We designed a retrospective study based on collection of
tissue samples of lymph nodes from 36 DLBCL patients
since 30 patients (83.3%) were male and 6 patients (16.7%)
were female. The median age of all patients was 46.78 *
10.75 years (range, 32- 71 years). Among the 36 DLBCL,
20 cases were GCB and 16 were non-GCB. Two patients
(5.60%) were in stage I, 12 patients (33.30%) in stage II,
18 patients (50.00%) in stage III and 4 patients (11.10%)
in stage IV of disease. Patient follow up showed that 26
patients (72.20%) died and 10 patients (27.8%) were alive.
All surviving patients were subtypes of GCB. The mean
lactate dehydrogenase (LDH) level in all patients was
461.56 = 70.12 U/L, which was in men and women 462.53
+ 71.43 U/L and 456.67 = 77.68 U/L, respectively. The
Mann-Whitney test showed that the median LDH level
was similar in men and women (P = 0.999; z = 0.99).

Relationship between the stages of DLBCL disease with
BCL2 and Ki-67 expression

The expression of BCL2 in 10 patients were 1* (27.8%), 6
patients in 2*(16.7%), 4 patients in 3" (11.1%), 14 patients
in 4% (38.9%) and 2 patients in 5" in (5.6 %). While the
expression of Ki-67 in 12 patients were 2* (33.3%), while 3
in 6 patients (16.7%) and 4* in 18 patients (50.0%). For the
expression of BCL2 in immunohistochemical analysis, we

BCL2 and Ki-67 in B-cell ymphoma

have considered cut-off value of 25% or more as positive
(score 3%, 4* and 5%) and less than 25% as negative (score
1* and 2*). Table 1 indicates the number of patients and
the expression levels of BCL2 and Ki-67 according to
the disease stage in the DLBCL. Chi-square tests (linear-
by-linear association) showed no statistically significant
relationship between DLBCL stages and BCL2 expression
level (P=0.082). However, a significant difference was
observed for Ki-67 expression level with DLBCL stages
(P=0.02).

Correlation between expression of BCL2 and Ki-67 with
B-symptoms, gender and age of patients

Fourteen patients with DLBCL (38.90%) after 4 years
follow-up showed B symptoms and 22 (61.10%) patients
had no B symptoms (Table 1). Chi-square test showed
no significant correlation between B symptoms with
expression of BCL2 and Ki-67 biomarkers (P > 0.05).
Among 30 male patients, the expression of BCL2 in 6
patients was 1* (16.7%), in 6 patients was 2* (16.7%), in
4 patients was 3* (11.1%), since in 12 patients, it was 4*
(33.3%), and in 2 patient was 5° (5.6%). Ki-67 was also
reported in 10 male patients 2* (27.8%), in 4 patients
3* (11.1%) and in 16 patients 4* (44.4%). No significant
correlation was found between gender and age of DLBCL
patients with expression of each of BCL2 and Ki-67
markers (P > 0.05).

Correlation between expression of BCL2 and Ki-67 with
prognosis of disease

Patient follow up showed that 26 patients (72.20%) died
and 10 patients (27.8%) were alive (Table 1). There was
a significant correlation between GCB and non-GCB
subtypes with prognostic (P = 0.019), therefore the GCB
subtype was associated with good prognosis and non-GCB
subtype with poor prognosis. All surviving patients were
subtypes of GCB, while the expression of BCL2 in four
patients was 1%, in four patients was 2*, and in two patients,
it was 3*. However, six patients were 2* for Ki-67 and four

Table 1. Frequency and expression of BCL2 and Ki-67 according to the disease stages, incidence of B symptoms, gender, prognosis, and subtypes of DLBCL

patients

Clinical BCL2 Ki-67

characteristics 1+ (n) 2+ (n) 3* (n) 4* (n) 5* (n) 1+ (n) 2+ (n) 3* (n) 4* (n)
Stage | - 2 2
Stage Il 6 - 2 4 10 2
Stage llI 4 4 2 8 4 14
Stage IV 2 2 4
B-symptoms - 4 2 6 2 2 2 10
Male 6 6 4 12 2 10 4 16
Female 4 2 2 2 2
Alive 4 4 2 6 4
Deceased 6 2 2 14 2 6 6 14
GCB 8 6 4 2 8 4 8
Non-GCB 2 S - 12 2 4 2 10

GCB, germinal center B-cell like.

Immunopathologia Persa Volume 6, Issue 1, 2020 | 3



Rahimi H et al

others were 4*. Fisher’s exact test showed no significant
difference between the prognosis of these patients with the
expression of BCL2 or Ki-67 (P > 0.05).

Correlation between expression of BCL2 and Ki-67 with
subtypes of DLBCL

Among the 36 DLBCL, 20 cases were GCB (55.60%) and
16 cases were non-GCB (44.40%). There was a significant
correlation between the subtypes of DLBCL and BCL2
expression (P = 0.024). Thus, non-GCB subtype patients
had higher levels of BCL2 expression (Table 1). However,
no significant correlation between DLBCL subtypes and
Ki-67 expression was detected (P = 0.638).

Correlation between expression of BCL2 with disease
stages in subtypes of GCB and non-GCB

For the expression of BCL2 in immunohistochemical
analysis, we have considered cut-off value of 25% or
more as positive (score 3*, 4* and 5%) and less than 25%
as negative (score 1* and 2*). BCL2 expression in GCB
was positive in six patients (30%) and negative in fourteen
patients (70%). Moreover, BCL2 expression in non-GCB
was positive in fourteen patients (87.5%) and negative in
two patients (12.5%) (Table 2). Fisher’s exact test showed
no significant difference between the stage of disease and
expression of BCL2 in patients with GCB (P > 0.999) and
non-GCB (P > 0.999).

Relationship between expression of Bcl2 and Ki67

The linear-by-linear association showed a statistically
significant relationship between expression of Bcl2 and
Ki67 (P=0.045). Spearman’s correlation coefficient
for relationship between expression of Ki67 and Bcl2
in patients was 0.497 (P=0.036). Therefore, moderate
correlation was observed for these two markers. Therefore,
when the value of the expression of a variable (e.g. Ki-67)
increases, the value of another variable (Bcl2) increases as
well (Figure 2).

Discussion

DLBCL is the most common lymphatic neoplasm,
accounting for about 30-40% of non-Hodgkin’s lymphoma
cases (1). DLBCL is a progressive disease with clinical,
genetic and molecular heterogeneity (2). DLBCL can
affect patients of any age, since its incidence is slightly
higher in male patients than in women (17). The diagnosis
of DLBCL is based on biopsy of the abnormal lymph
node and radiographic imaging (3,4). Many clinical,
histological, topographical, and demographic factors
have been studied in relation to the clinical features and
therapeutic responses of the DLBCL, however most of
them were insubstantial (18, 19).

In this study, we investigated the expression of BCL2
and Ki-67 markers in the GCB and non-GCB subtypes
of DLBCL and their relationship with the prognosis and
clinical stage of the patients. In our study, no significant

Table 2. BCL2 expression according to subtypes and stages

GCB Non-GCB
Stage -
Positive (n) Negative (n) Positive (n)  Negative (n)
| - 2
I 2 4 4 2
11 4 8
v - - 4
5. r=0.497 .
p-value=0.036
4 [ ] L] L]

1 [] L] L]

20 25 30 35 40
Ki67

Figure 2. Correlation plot between Ki67 with Bcl2.

difference between expression levels of BCL2 and Ki-67
with age, gender, LDH level and B symptoms was seen.
However, in a study by Igbal et al, a significant difference
was shown between BCL2 expression and LDH levels in
ABC subtype patients, while no significant difference was
detected regarding clinical characteristics such as age,
gender, and LDH in GCB subtype (20). In several other
studies, there was no correlation between Ki-67 expression
and various clinical features including age, gender, B
symptoms, and LDH was demonstrated (8,16).

In our study, no statistically significant relationship
between the stages of DLBCL with expression of BCL2 was
seen. However, we found a significant correlation between
Ki-67 expression and DLBCL stages, thereby patients with
higher Ki-67 expression were at higher clinical stages.
However, in several studies no relationship between the
expression of Ki-67 and the DLBCL stages was found
(15). In the study by Igbal et al, a correlation between the
expression of BCL2 and the stage of the disease only in
patients with activated B-cell (ABC) subtype was detected
(20).

Several studies have evaluated the expression of specific
proteins in DLBCL patients to identify biomarkers for
diagnosis, prognosis or outcome (7, 17, 21, 22). Protein
BCL2 is an anti-apoptotic biomarker that plays an
important role in the development and differentiation
of B cells. Overexpression of BCL2 in different subtypes
of DLBCL is associated with different mechanisms.
In the GCB subtype, transcription t(14;18) (q32;q21)
causes overexpression of the BCL2 protein in most cases,
whereas in the subtype of ABC, high expression of BCL2
occurs due to gene amplification or pathway activation
of NF-xB (20,23). Ki-67 is a nuclear antigen expressed in
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proliferative cells. Expression of this antigen is considered
as a potential prognostic biomarker in different DLBCL
subtypes. Despite numerous studies to associate the
expression of Ki-67 with other biomarkers or therapeutic
and clinical outcomes, no definitive conclusion has been
made (16,24,25).

In a cohort R-CHOP study by Igbal et al, the expression
of BCL2 had a significant impact on overall survival and
event-free survival in the DLBCL and subtype GCB-
DLBCL but not in the subtype ABC-DLBCL (8). The
high expression of BCL2 in the ABC subtype is related
to 18q21 amplification and pathway activation of NF-xB
(20, 23). Rituximab in vitro causes downregulation of
NF-xB and its target BCL2 (26), thereby decreasing BCL2
and increasing the sensitivity to chemotherapy. On the
other hand, rituximab may not decrease the expression of
BCL2 in the subtype of GCB-DLBCL as a result of drug
resistance in this subtype of DLBCL (8). In another cohort
study, in patients treated with R-CHOP, expression of
BCL2 protein had a significant association with overall
survival and progression-free survival in GCB-DLBCL
(27). Interestingly, in this study, overexpression of BCL2
and Ki-67 markers was significantly associated with
decreasing overall survival and progression-free survival
in patients with DLBCL, especially in the GCB subtype.
Therefore, the use of BCL2 inhibitors may be effective in
patients with BCL2 positive GCB-DLBCL. ABT-199 is a
selective inhibitor of BCL2, which is effective in patients
with DLBCL with BCL2 positive (28). The use of BCL2
selective inhibitors such as ABT-199 may be more effective
in patients with GCB-DLBCL (27). The high expression
of BCL2 had a significant association with overall survival
and progression-free survival in patients with primary
central nervous system (CNS)-DLBCL independent of
cellular origin (29). In numerous studies, BCL2 has been
identified as a poor prognostic factor in patients with
DLBCL (8,11,22,27,30). Nevertheless, our results showed
no statistically significant relationship between DLBCL
prognosis and BCL2 expression. However, this finding
could be due to the small sample size in this study. In
the study by Igbal et al, a significant difference between
the DLBCL subtypes (GCB and non-GCB) with BCL2
expression was seen, so that patients with non-GCB
subtypes had a higher BCL2 expression. Our results are
similar to those reported by Igbal and colleagues, in which
BCL2 had a higher expression in the DLBCL with the ABC
subtype (20). Therefore, our study clearly shows that the
subsequent studies of BCL2 and other biomarkers in the
DLBCL should be based on the DLBCL subtypes.

The Ki-67 biomarker has been studied as a useful
prognostic index in the DLBCL. Recent studies have
shown that overexpression of Ki-67 is a predictor of poor
prognosis in patients treated with rituximab (13-16). In
addition, high Ki-67 expression was associated with a
decrease in overall survival and progression-free survival
and higher relapse in patients with DLBCL (15-17). In the

BCL2 and Ki-67 in B-cell ymphoma

studyby Jerkeman et al, patients with DLBCL, no significant
difference between Ki-67 expression and overall survival
in 5 years was presented (31). In several other studies,
no clinical relationship between the expression of Ki-67
and DLBCL was seen (7,32). Moreover, in our study, no
statistically significant correlation between the expression
of Ki-67 with prognosis was seen, which is similar to the
results of Perry et al. They found the expression of Ki-67 in
GCB and non-GCB subtypes did not show any significant
difference (11). Furthermore, in the study of Llanos et
al, no association between the high expression of Ki-67
and BCL2 with survival was seen (7). The prognostic
value of BCL2 and Ki-67 in DLBCL patients has been
controversial. Because there is no consensus to determine
the positive and negative levels of these biomarkers, while
different cutoff values have been reported in the literature.
In addition, a different proportion of GCB and non-GAB
patients have been reported in the literature.

Our study also concluded that a significant relationship
between BCL2 and Ki-67 expression existed, hence with
the increase of the expression of a marker, another marker
increases accordingly. This correlation has been shown
in the study of Jovanovi¢ et al. They showed a significant
positive correlation between the high expression of BCL2
and Ki-67 (33). However, in the stud by Yoon et al y, no
significant difference was found between Ki-67 and BCL2
expression (15). Interestingly, in our study, a significant
relationship between the DLBCL subtypes and the
prognosis was seen too. Patients with GCB subtype were
associated with better prognosis since non-GCB subtype
were with poor prognosis. Similar to our results have been
reported in other studies (5,6,34).

Conclusion

In summary, in our study, no statistically significant
relationship between the stages of DLBCL with expression
of BCL2 was seen. However, a statistically significant
correlation between Ki-67 expression and DLBCL stages
was detected, thereby patients with higher Ki-67 expression
were at higher clinical stages accordingly. Nevertheless,
our results showed no statistically significant relationship
between DLBCL prognosisand BCL2 and Ki-67 expression.
Of course, this could be due to the small sample size in
our study. In this study, a significant difference between
the DLBCL subtypes (GCB and non- GCB) with BCL2
expression was shown. Therefore, patients with non- GCB
subtypes had a higher BCL2 expression. Our study also
demonstrated a significant relationship between BCL2
and Ki-67 expression, therefore with the increase of the
expression of a marker, another increases.

Limitations of the study

The low number of patients may be a limitation for this
study. Thus designing a larger study with more participants
suggests.
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