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BAX/BCL2 ratio in chronic lymphocytic 
leukemia and its association with 
ZAP‑70 expression and other 
clinicopathological parameters
Rihab Malik Rahid, Maysem Mouayad Alwash1

Abstract:
BACKGROUND: Chronic lymphocytic leukemia (CLL) is a heterogeneous disease with a highly 
variable clinical course and outcome. Many clinical and biological characteristics have been used to 
classify patients with CLL into different subgroups of variable prognosis. Many studies have reported 
that in CLL, the interaction between pro‑ and antiapoptotic BCL2 family members influences the 
sensitivity to cytotoxic drugs and affects survival and overall outcome.
OBJECTIVES: The aim of the study was to assess BCL2 and BAX expression and BCL2/BAX ratio 
relation to other known prognostic markers (Binet stage, absolute lymphocyte count, lymphocyte 
percentage in bone marrow [BM], and ZAP‑70 and CD38 expression).
PATIENTS AND METHODS: The study analyzed the expression of BCL2 and BAX, BCL2/BAX 
ratio, and ZAP‑70 in the BM biopsy of 42 randomly selected CLL patients.
RESULTS: BCL2 was positively expressed in 92.9% of CLL cases, significantly associated with Binet 
stage of disease (P = 0.04), ZAP‑70 (P = 0.001) but not with CD38, and also significantly correlated 
with absolute lymphocyte count (P = 0.015) and lymphocyte percentage in BM (P = 0.017). BAX was 
positively expressed in 64.3% of CLL cases; there was no significant association between BAX with 
Binet or with other assessed prognostic factors (except with ZAP‑70, P = 0.001). BCL2 and BAX 
were significantly correlated with each other (P = 0.001). BCL2/BAX ratio was not associated with 
any prognostic parameters we assessed.
CONCLUSION: We may conclude that we may consider BCL2 as simple informative tool to assess 
disease activity while BAX and BCL2/BAX ratio alone are of no prognostic value in prediction of 
disease course.
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Introduction

The most common form of adult 
leukemia is chronic lymphocytic 

leukemia  (B‑CLL), characterized by the 
accumulation of CD5+  and CD23+  B‑cell 
lymphocytes. It is a complex disorder. It is 
a disease of varying clinical course; some 
have an indolent disease and mostly do not 

need treatment, while others are diagnosed 
with severe disease.[1]

Two major clinical staging systems (Rai and 
Binet staging), mainly based on tumor load, 
were developed to estimate prognosis in 
CLL. However, in the early stages of CLL, 
Rai and Binet staging systems cannot predict 
the course of the disease; therefore, all 
efforts focused on finding accurate markers 
that can help to predict the outcome and 
explain the clinical heterogeneity of CLL.[2]
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BCL2 is an integral outer mitochondrial membrane 
protein. BCL2 claimed as an important protein in 
CLL which helps for survival prediction. It plays a 
role in promoting the survival of cells and inhibiting 
proapoptotic protein actions.[3]

BAX is a proapoptotic protein and enhances apoptosis 
by its competition with BCL2 proper. P53 directly 
activates the proapoptotic protein BAX which acts on the 
mitochondrial membrane to promote permeability and 
release of cytochrome C and Reactive oxygen species are 
important signals in the apoptosis cascade.[4]

By considering the functional antagonism between the 
BCL2 family’s pro‑  and antiapoptotic members, it is 
suspected that the BCL2/BAX ratio is a vital determinant 
of the cells susceptibility to apoptosis, rather than the 
individual protein levels.[5]

Aims of the study
The aim of the study was to assess BAX and BCL2 
expression and BCL2/BAX ratio by immunohistochemical 
study of bone marrow (BM) biopsies of patients with CLL 
and correlate them with Binet stage, ZAP-70, and other 
clinicopathological parameters.

Patients and Methods

This is a cross-sectional analysis in which 42 blocks of 
paraffin-embedded BM biopsy were collected during 
the period from September 2018 to September 2019 
for patients with CLL. Patients were diagnosed by 
immunophenotyping and had not been treated before the 
biopsies of the BM. Clinical and laboratory informations 
regarding age, gender, presence of lymphadenopathy 
and organomegally, Hb, platelet count, absolute 
lymphocyte count, percentage of BM lymphocyte, and 
pattern of BM involvement in addition to CD 38 protein 
expression flow cytometric results were obtained from 
patients recording files at diagnosis. Binet system for 
staging was adopted for the staging of CLL patients.

Ethical approval from the Ethical Committee of 
Mustansiriyah University/College of Medicine was 
obtained to conduct this study.

Four sections of 4-µm thickness were taken from 
each paraffin block. One section was stained with 
routine hematoxylin and eosin stain to review the 
histopathological diagnosis and determine the BM 
infiltration pattern. The other three sections were stained 
immunohistochemically for BCL2, BAX, and ZAP-70 
protein with polymeric horseradish peroxidase (HRP) 
method. The procedure of immunohistochemistry (IHC) 
was according to the instructions of the manufacturer. 
We used the primary antibody anti‑BCL2  (PathnSitu, 

Livermore, CA, USA; Rabbit monoclonal, Clone EP36, 
dilution: 1:100), anti‑BAX antibody (NovusBio, Littleton, 
CO., USA, Rabbit monoclonal; dilution: 1:2000), and 
anti‑ZAP‑70 antibody  (Santa Cruz Biotechnology, 
Santa Cruz, CA, USA, Clone IE7.2, dilution 1:200). 
Incubation of the specimen with H2O2 for any endogenous 
peroxidase activity was performed for 5–10  min. The 
specimen was then incubated with the respective diluted 
primary mouse or rabbit antibody, followed by 10 min of 
incubation with the PolyExcel Target Binder, followed by 
a polymer labeled PolyExcel HRP using recommended 
10  min of incubation. Staining was completed by an 
incubation of 5–10  min with 3, 3’‑diaminobenzidine 
chromogenic substrate that results in a brown precipitate 
at the antigen site.

Positive control for each antibody was included with 
the samples; follicular lymphoma was used as a positive 
control for BCL2, breast carcinoma for BAX, and lymph 
node for ZAP-70. Negative control slides were obtained 
by adding buffer saline instead of primary antibody.

Statistical analysis
Statistical analysis was performed with the SPSS 23 
statistical software program (IBM Company, New York, 
USA). Univariate data were summarized using standard 
descriptive statistics, tabulation of categorical variables 
and histograms of numerical variables. Associations 
between categorical variables was assessed via cross 
tabulation and chi-square. Spearman correlation was 
used to measure the association between two continuous 
variables or when at least one variable was ordered. 
Exact tests were used to calculate the P value. In all 
statistical analyses, a P value < 0.05 was considered 
significant.

Results

In this study, there were 42  patients with CLL and 
age range between 36 and 75 years, with a mean age 
of 59.5  ±  11.37  years and median of 62  years with a 
male-to-female ratio of 2.2:1. Mean±SD of absolute 
lymphocyte count was 63.56 ± 68.07, and of lymphocyte 
percent in BM was 75.93 ± 16.426.

By application of Binet system, 15/42 (35.7%) of patients 
were in early stage (a), 11/42 (26.2%) were in intermediate 
stage (b), and 16/42 (38.1%) were in advanced stage (c).

Regarding the ZAP-70 immunohistochemical 
expression, positive results were indicated when ≥20% 
of cells showed distinct nuclear precipitation with 
or without cytoplasmic precipitation  [Figure  1].[6] 
Accordingly, patients were subdivided into ZAP-70 
positive in 13/42 patients (31%) and ZAP‑70 negative 
in 29/42 (69%).
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By reviewing the CD38 immunophenotyping result 
which was available for 27/42 patients, patients were 
subdivided into CD38 positive in 13/27 patients (48.1%) 
and CD38 negative in 14/27 (51.9%).

For BCL2 and BAX immunohistochemical expression, 
cytoplasmic staining was interpreted as positive for 
BCL2 and BAX.[5]

According to the Lunenburg Lymphoma Biomarker 
Consortium, the percentage of positive cells for BCL2 
and BAX was scored as follows: 0  (no staining), 
score 1 when 1%–5% positive, score 2 when 6%–25% 
positive, score 3 when 26%–50% positive, score 4 when 
51–75 positive, and score 5 when more than 75% of cells 
showed positive staining.[7]

The staining strength was graded as follows: 0 (without 
staining), 1 (weak), 2 (moderate) and 3 (strong).[7]

Regarding the BCL2 expression, patients were 
subdivided into two groups:  (1) BCL2 positive in 
39 patients (92.9%) [Figure 2] and (2) BCL2 negative in 
3 patients (7.1%).

In the BCL2‑positive cases, six patients (14.3%) have a 
score of 6%–25%, 7/42 patients (16.7%) have a score of 
51%–75%, while 9/42 patients (21.4%) have a score of 
51%–75%, and 17/42 patients (40.5%) have a score more 
than 75%.

The staining intensity of positive BCL2  cases was 
moderate in 10/42  patients  (23.8%) and strong in 
29/42 (69%).

Regarding the BAX protein, based on the IHC staining, 
patients were subdivided into two groups:  (1) BAX 
positive in 27 patients  (64.3%) [Figure 3] and (2) BAX 
negative in 15 patients (35.7%).

In the BAX‑positive cases, six patients  (14.3%) have a 
score of 6%–25%, 4/42 patients (9.5%) have a score of 
51%‑75%, while 7/42 patients  (16.7%) have a score of 
51%‑75%, and 10/42 patients (23.8) have a score more 
than 75%.

Staining intensity was moderate in 11/42 patients (26.2%) 
and strong in 16/42 patients (38.1%).

The association between BCL2 and BAX with Binet stage 
is shown in Tables 1‑4.

The index value was calculated by multiplying the 
percentage of the positive cells by predominant intensity 
resulting in possible scores from 0 to 15.[8] Index value 
was used to assess correlations between BCL2 and BAX 
with other established parameters [Tables 5‑9].

Figure 2: Immunohistochemistry expression of BCL2 in bone marrow tissue section 
of chronic lymphocytic leukemia. Leukemic lymphocytes show cytoplasmic brown 

immunostain (×40)

Figure 1: Immunohistochemistry expression of ZAP‑70 in bone marrow tissue 
section of chronic lymphocytic leukemia. Leukemic lymphocytes show cytoplasmic 

and nuclear immunostain (×40)

Figure 3: Immunohistochemistry expression of BAX in bone marrow tissue 
section of chronic lymphocytic leukemia. Leukemic lymphocytes show cytoplasmic 

immunostain (×40)
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BCL2/BAX ratio
Depending on positive BCL2 and BAX expression, 
BCL2/BAX ratio could be calculated in 25/42 patients.

The mean was 1.593 ± 1.337, the range was 0.267–5.333, 
and the median was 1.0313.

Many studies including ours used the median value of 
BCL2/BAX as cutoff point,[5,9] and accordingly, patients 
were subdivided into two groups:  (1) patients with 
high BCL2/BAX ratio  (≥1.0313)  (n  =  12/25,  [48%]) 
a n d   ( 2 )  p a t i e n t s  w i t h  l o w  B C L 2 / B A X 
ratio (<1.0313) (n = 13/25 [52%]) [Tables 10‑14].

Discussion

BCL2 was positively expressed in CLL cases in 92.9% 
of CLL cases. It was higher than reported in many 
other studies, Kitada et al. reported 60%, and Lazaridou 
et al. reported 76.3%, and this difference could be due 
to our patients’ delayed diagnosis and higher clinical 
stages;[10,11] however, Hanada et al. reported 95% BCL2 
expression.[12]

It was reported that CLL cells are a constant feature of 
strong expression of BCL2, and high BCL2 expression in 
CLL was hypothesized to reflect intrinsic abnormality, 
and it was suggested that the mechanism behind 
BCL2 upregulation in a large proportion of patients is 
hypomethylation of its promoter region. Furthermore, by 
deleting 13q14, (the most common genetic abnormality 
in CLL), miR‑15a and miR‑16‑1 (inhibit BCL2 expression) 
are frequently downregulated or lost.[13]

Table 2: Association between BCL2 score and Binet stage
Binet stage BCL2 score (%) Total (%) P

Negative 6%‑25% 26%‑50% 51%‑75% >75%
Stage A 3 (20.0) 4 (26.7) 3 (20.0) 2 (13.3) 3 (20.0) 15 (100.0) 0.022
Stage B and Stage C 0 (0.0) 2 (7.4) 4 (14.8) 7 (25.9) 14 (51.9) 27 (100.0)
Total 3 (7.1) 6 (14.3) 7 (16.7) 9 (21.4) 17 (40.5) 42 (100.0)

Table 3: Association between BAX expression and Binet stage
Binet stage BAX expression (%) Total (%) P

Positive Negative
Stage A 7 (46.7) 8 (53.3) 15 (100.0) 0.1 (NS)
Stage B and Stage C 20 (74.1) 7 (25.9) 27 (100.0)
Total 27 (64.3) 15 (35.7) 42 (100.0)
NS=Not significant

Table 5: Correlation between BCL2 index and BAX 
index
BAX 
index

BCL2 index
r P

0.342 0.001

Table 6: Correlation between BCL2 index and BAX 
index with absolute lymphocyte count
Index Absolute lymphocytes count

r P
BCL2 index 0.372 0.015
BAX index 0.274 0.079

Table 7: Correlation between BCL2 index and BAX 
index with lymphocyte percent in bone marrow
Index Lymphocytes percentage in BM

r P
BCL2 index 0.367 0.017
BAX index 0.079 0.617
BM=Bone marrow

Table 1: Association between BCL2 expression and Binet stage
Binet stage BCL2 expression (%) Total (%) P

Positive Negative
Stage A 12 (80.0) 3 (20.0) 15 (100.0) 0.04
Stage B and Stage C 27 (100.0) 0 (0.0) 27 (100.0)
Total 39 (92.9) 3 (7.1) 42 (100.0)

Table 4: Association between BAX score and Binet stage
Binet stage BAX score Total (%) P

Negative 6%‑25% 26%‑50% 51%‑75% >75%
Stage A 8 (53.3) 2 (13.3) 0 (0.0) 4 (26.7) 1 (6.7) 15 (100.0) 0.07 (NS)
Stage B and Stage C 7 (25.9) 4 (14.8) 4 (14.8) 3 (11.1) 9 (33.3) 27 (100.0)
Total 15 (35.7) 6 (14.3) 4 (9.5) 7 (16.7) 10 (23.8) 42 (100.0)
NS=Not significant
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Nevertheless, some studies indicated that the expression 
of BCL2 in CLL is not autonomous and may be affected 
by external stimuli, microenvironment, or in reaction 
to certain medications, and may not play a major role 

in disease pathogenesis. It was concluded that the 
expression of BCL2 for CLL was associated with poor 
response to cytotoxic therapy, but it does not seem to be 
a major determinant of clinical progression.[6]

In this study, we found significant association between 
Binet staging with BCL2 expression levels  (P  =  0.04) 
and score (P = 0.022). Marschitz et al., Saxena et al., and 
Jaafar AM et al. revealed that BCL2 expression levels were 
not correlated with disease stages;[14-16] this may be due 
to different techniques such as immune-cytochemical, 
Western blot technique, and in  situ hybridization, 
respectively.

A significant positive correlation was found 
between BCL2 index with absolute lymphocyte 
count  (P  =  0.015) and lymphocyte percentage in 
BM  (P  =  0.017) and significantly associated with 
ZAP‑70 expression (P = 0.001). There was no significant 
association with CD38 (P = 0.207).

Regarding the BAX marker, it was expressed in 64.3% 
of CLL patients, and there was a statistically significant 
positive correlation between BAX index and BCL2 
index  (P  =  0.001). Vucicevic et  al. mentioned that 
although the overexpression of BAX in CLL may seem 
paradoxical, an overexpression of both BAX and BCL2 
proteins has been observed, and the overexpression 
of BAX in CLL cells is considered as a compensatory 
mechanism used by cells to resume balance between 
pro‑ and antiapoptotic proteins, which is necessary for 
apoptosis regulation.[5]

Pepper et  al. 1998 revealed that high expression of 
BCL2 and low expression of BAX were linked with 
chemoresistance in chlorambucil-treated CLL cells, and a 
remarkable elevation of BAX protein has been observed 
in CLL cells undergoing apoptosis.[17]

There was no significant association between BAX 
expression and Binet stage, and this was consistent with 
many other studies.[15,18,19]

In contrast, Del Principe et  al. and others found an 
association between BAX expression and clinical stages 
of CLL patients.[20]

Although BAX index was positively correlated with 
BCL2 index  (P  =  0.001) and associated with ZAP‑70 
expression (0.001), there was no association with clinical 
staging of the disease nor with all other bad prognostic 
factors (absolute lymphocyte count, lymphocyte percent 
in BM, and CD38).

Regarding the BCL2/BAX ratio, it was suggested 
that in CLL, the balance between the pro‑  and 
antiapoptotic members of the BCL2 family determines 

Table 8: Association between BCL2 index and BAX 
index with ZAP‑70 expression
Variable ZAP‑70 result, mean±SD P

Positive Negative
BCL2 index 9.96±5.1 3.58±5.4 0.001
BAX index 7.65±5.5 1.94±4.2 0.001
SD=Standard deviation

Table 9: Association between BCL2 index and BAX 
index with CD38 expression
Variable CD38 result, mean±SD P

Positive Negative
BCL2 index 12.15±3.4 10.0±5.1 0.207
BAX index 9.32±5.8 7.5±6.2 0.46
SD=Standard deviation

Table 10: Correlation between BCL2/BAX ratio and 
Binet stage

Binet stage
r P

BCL2/BAX 0.280 0.185

Table 11: Correlation between BCL2/BAX ratio and 
absolute lymphocyte count

Absolute lymphocyte count
r P

BCL2/BAX 0.301 0.152

Table 12: Correlation between BCL2/BAX ratio and 
lymphocyte percent in bone marrow

Lymphocyte percent in BM
r P

BCL2/BAX 0.087 0.685
BM=Bone marrow

Table 13: Association between BCL2/BAX ratio and 
ZAP‑70 expression
ZAP‑70 
expression

BCL2/BAX ratio (%) Total (%) P
≥1.0313 <1.0313

Positive 4 (36.4) 7 (63.6) 11 (100.0) 0.43 
(NS)Negative 8 (57.1) 6 (42.9) 14 (100.0)

Total 12 (48.0) 13 (52.0) 25 (100.0)
NS=Not significant

Table 14: Association between BCL2/BAX ratio and 
CD 38 expression
CD38 
expression

BCL2/BAX ratio (%) Total (%) P
≥1.03125000 <1.03125000

Positive 5 (45.5) 6 (54.5) 11 (100.0) 1.0 
(NS)Negative 4 (44.4) 5 (55.6) 9 (100.0)

Total 9 (45.0) 11 (55.0) 20 (100.0)
NS=Not significant
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the responsiveness to cytotoxic drugs and affects the 
patient’s survival.[21]

In this study by analyzing BCL2/BAX ratio, the 
BCL2/BAX ratio was not significantly related to Binet 
stage (P = 0.185), absolute lymphocyte count (P = 0.152), 
lymphocyte percentage in BM (0.685), CD38 (P = 1.0), 
and ZAP‑70 (0.43); the only positive relation was with 
pattern of BM involvement (r = 0.516, P = 0.01).

A study identified the prognostic power of the 
BAX/BCL2 ratio as determined by flow cytometric 
method, highlighting a significant relation with the 
disease stage, CD38 and CD49d, some cytogenetic 
profile, peripheral lymphocyte count, lymphocyte 
doubling time, β2 M, and soluble CD23.[20]

Furthermore, other findings from some previous studies 
revealed that an elevated BCL2/BAX ratio, measured at 
both mRNA and protein levels, is associated with poor 
prognostic parameters in CLL and is more important in 
assessing disease activity than the individual expression 
of BCL2 and BAX.[21,22]

In contrast, a study analyzed BCL2/BAX mRNA ratio 
by the quantitative PCR and evaluate it with other 
predictive markers in CLL; BCL2/BAX ratio was not 
found to be significantly associated with age, gender, 
Binet stage, LDH, CD38, and cytogenetic profile.[5]

Conclusion

We may conclude from this study that BCL2/BAX ratio 
is of no prognostic significance since we did not find 
relation with Binet staging or any of the prognostic 
parameters we studied. BCL2 can be consider as a simple 
informative tool to predict disease aggressiveness while 
BAX although it was positively correlated with BCL2 in 
CLL cases, it was not related to the Binet stage or any of 
assessed prognostic parameters  (except with ZAP70).
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