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B-cell chronic lymphocytic leukemia (CLL) is 
the most frequent form of leukemia in adults which 
is characterized by a progressive accumulation of 
functionally incompetent, long-lived small mature 
monoclonal B-lymphocytes with a typical phenotype, 
CD19+, CD5+, CD23+, and low B-cell receptor (BCR) 
expression. The disease is a highly variable in clinical 
course. Some patients with CLL survive for decades 
and never require therapy; others succumb rapidly to 
the disease despite therapy. Two prognostic scoring 
systems are currently used to divide the disease in 
clinical practice, the Rai (stage 0–IV) and Binet (stage 
A–C) systems [1, 2], but neither of these is sufficient 
to predict aggressive disease in early stages of CLL.  
At the same time the recent progress in the field of 
CLL therapy (monoclonal antibodies in combination 
with chemotherapy; autologous and allogenic trans-
plantation) highlights the need to improve the ability to 
identify patients with poor prognosis which may benefit 
from more early and more aggressive therapy.

In 1999 Hamblin et al. [3] and Damle et al. [4] have 
independently demonstrated that CLL can be divided 
into two subgroups with different survival, based on the 
degree of somatic hypermutation of immunoglobulin 
variable heavy chain (IgVH) genes. Specifically, CLL 
cases expressing mutated VH genes, i.e., > 2% somat-
ic mutation of the corresponding germline VH gene, 
had a considerably longer overall survival than unmu-
tated (< 2% mutation) cases — 24 vs. 9–10 years and 
required less treatment. The prognostic significance 
of VH gene mutation status was confirmed by several 
retrospective studies, and, it has also proven to be one 
of the strongest independent predictors of survival in 
multivariate analysis [5–8]. Although the cut-off level 
is questioned (a higher cut-off, 3 or 5% has been sug-
gested by some authors to improve the discrimination 
of cases with a poor outcome) [9], and the biologic 

significance of VH gene mutation status is still unclear, 
presently VH mutation status is considered to be strong 
prognostic marker of CLL. 

Damle et al. [4] also found a correlation between 
VH mutation status and CD38 expression in CLL, where 
unmutated cases displayed a higher percentage of 
CD38+ cells (> 30%) than mutated cases (< 30%). 
Since then CD38 antigen has been suggested as a 
surrogate marker for the VH gene mutation status. 
Some authors confirmed the ability of CD38 to predict 
the VH mutation status [10]. Although other researches 
did not find the correlation of CD38 positivity with 
unmutated VH genes, they showed that CD38 expres-
sion by more than 30% CLL cells was an independent 
indicator of poorer prognosis as measured by overall 
survival and requirement for treatment [11–14]. Some 
investigators, however, did not confirm the ability of 
CD38 status to predict disease outcome [15]. Thus, 
the relation of CD38 expression to VH gene mutation 
status and survival continues to be the subject of 
controversial discussion. The aim of this study was to 
evaluate significance of VH mutation status for prog-
nosis of CLL patients in comparison with clinical data 
and CD38 expression.

MATERIALS AND METHODS
Patients. Forty-three patients (34 men and 

9 women) with B-CLL, who were observed in Scientific 
Research Centre for Radiation Medicine, Academy 
of Medical Sciences of Ukraine (Kyiv, Ukraine) were 
included in this study. The diagnosis of CLL was based 
on clinical history, lymphocyte morphology and im-
munophenotypic criteria. All patients had classical CLL 
immunophenotype: CD19+, CD20+, CD5+, CD23+. The 
median age at diagnosis was 54 years, and the median 
follow-up — 40 months. Six patients were untreated, 
2 patients underwent one chemotherapeutic regimen, 
and 35 patients underwent 2 or more chemotherapeu-
tic regimens at the moment of enrollment in the study. 
Treatment was not in controlled trials, and standard 
clinical criteria were used for the initiation of therapy 
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that was usually alkylator based at first line and mostly 
fludarabine at second line. Thirty-one patients were at 
Binet stage A and B, and 12 were at Binet stage C at the 
moment of enrollment in the study. According to Rai, 3 
patients were at the stage I, 25 were at the stage II, 6 
were at the stage III, and 9 were at the stage IV. 

Identification and sequencing of clonal IgVH 
rearrangements. VH mutation status was evalu-
ated in all 43 patients. Total RNA was extracted from 
peripheral blood cells using guanidine isotiocyanate-
phenol-chlorophorm extraction according to the 
method of Chomczynski [16]. 1–5 μg of the total RNA 
was reverse transcribed to cDNA using M-MLV reverse 
transcriptase enzyme (Promega) and random hexam-
ers. cDNA was amplified using a mixture of 5′ primers 
specific for framework 1 region of VH1 to VH6 families  
combined with 3′ primer complementary to the germ 
line JH region as designed by the BIOMED-2 consor-
tium [17]. All reactions were carried out in final volume 
of 50 μl with 10 pmol of each primer, 200 nM dNTPs, 
1 U AmpliTaq Gold and 10 x PCR buffer II (Applied Bio-
systems, Branchburg, New Jersey USA). The cycling 
conditions were as follows: denaturation at 94 °C for 
5 min; 35 cycles of 94 °C for 45 s, 60 °C for 45 s and 
72 °C for 45 s; a final cycle of 10 min at 72 °C.

PCR products were analysed on a 1.5% agarose 
gel and visualised with ethidium bromide staining (Fig. 
1). Products were spin column purified using PCR 
purification kit (Qiagen) and sequenced directly using 
3ʹ JH primer in an automated DNA sequencer ABI-310 
(Perkin Elmer) using dye terminator chemistry (Big-
Dye Kit, Perkin Elmer). The closest germline VH for 
each B-CLL VH sequence was assigned using current 
databases IgBlast or IMGT. VH gene sequences devi-
ated more than 2% from the corresponding germline 
gene were defined as mutated.  

CD38 expression.  CD38 expression level was 
evaluated on peripheral blood cells in 39 patients by 
two-color fluorescence-activated cell sorting (FACS) 
analysis. The cells were stained with anti-CD23, and 
anti-CD38 using the following antibody conjugates: 
anti–CD23-fluorescein isothiocyanate (FITC) (clone 
EBVCS-5), and anti–CD38-phycoerythrin  (PE) 
(clone HB-7), with appropriate FITC-conjugated and 
PE-conjugated immunoglobulin G1 (IgG1) isotype 
controls (all from BD Biosciences Pharmingen, San 
Diego, CA). Flow cytometric analyses were performed 
on a Becton Dickinson FACScan flow cytometer. The 
proportion of CD23+ cells coexpressing CD38 antigen 
was estimated.  

Statistical analysis. Statistics were performed 
using SPSS 11.0 software package (SPSS, Chicago, 
IL). Data shown are the means plus or minus standard 
deviations, and medians. The t-test for continuous 
variables and chi-square test for categorical variables 
were used to compare characteristics between differ-
ent subgroups of patients. All P values are two-sided, 
and the significance level was set at 0.05. The time 
from a diagnosis of CLL to initial treatment, the time 
from a diagnosis of CLL to beginning of second line 

treatment were estimated by the method of Kaplan 
and Meier and assessed by the log-rank test. Overall 
survival was calculated from date of diagnosis until 
death using Kaplan and Meier analysis as well. 

RESULTS AND DISCUSSION
VH gene usage and mutation frequencies. We 

amplified and sequenced clonal IgVH gene rearrange-
ments from 43 CLL cases. The VH1 and VH3 family 
genes were determined each in 19 cases, which ac-
counted for 43.2%, VH4 family genes were expressed 
in 5 cases only (11.6%). Other VH families (VH2, VH5, 
VH6, VH7) have not been determined at all. 

Fig. 1. Results of RT-PCR detection of VH gene amplification.  1st 
line — 50 bp ladder. Lines 2–6, 8, 11 — positive probes, suitable 
for following sequencing

 Of 51 functional VH genes, 19 were determined 
in this CLL cohort and 4 of them accounted for ap-
proximately 53% of the total VH genes rearranged 
(Table 1). Overall, the most frequently used VH gene 
was IgVH1‑69 (32.56%); VH3‑09, VH3‑30, and VH3‑33 
genes were expressed in 3/43 (6.98%) cases each. 
Other VH genes were determined less frequently. 
Table 1. VH genes utilized in cohort of 43 СLL patients

VH gene
Number of patients 

with unmutated 
VH genes

Number of patients 
with mutated 

VH genes
Total no (%)

VH1-69 14 - 14 (32.56)
VH1-58 2 - 2 (4.65)
VH3-09 2 1 3 (6.98)
VH3-30 1 2 3 (6.98)
VH3-33 3 - 3 (6.98)
VH3-07 - 2 2 (4.65)
VH3-21 - 2 2 (4.65)
VH3-48 1 1 2 (4.65)
VH4-59 2 - 2 (4.65)
Other VH genes* 5 5 10 (23.25)
Total 30 13 43
*VH genes that were detected in 1 case only: unmutated CLL group: 
VH1‑45; VH1‑46; VH1‑02, VH3‑11, VH4‑04; mutated CLL group: VH1‑02, 
VH3‑15,VH3‑23, VH4‑28, VH4‑34.

Using the classical mutation cut-off value of 2%, 
30 cases (70%) were considered unmutated and 13 cases 
(30%) mutated. In the group with unmutated VH genes, 
in 20 of 30 cases (67%) a 100% homology with corre-
sponding germline VH sequences was observed. The 
homology with germline gene in mutated cases ranged 
from 2.4 to 7.8% (mean, 5.1%).  In terms of mutated CLL 
cases, the most frequent VH family was VH3, 10/13 (77%) 
cases, while VH1 family genes were the most frequent in 
unmutated cases 19/30 (63.3%), at that VH1‑69 genes 
were completely unmutated, which is in conformity with 
the data received by other researches [18, 19].

CD38 expression. CD38 expression was evaluated 
in 39 patients, 29 with unmutated and 10 with mutated 
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VH genes. Overall, the proportion of CLL cells express-
ing CD38 ranged from 0.04 to 96.85% (median 32.2%). 
Twenty patients (51.28%) who had CD38 expression 
by 30% or more of the clonal B cells were considered 
CD38-positive.  Other 19 patients displayed less than 
30% CD38+ cells (CD38-negative group).

The unmutated cases showed a variety of CD38 
positive cells (range 0.24 to 91.76%, median 34.58%, 
mean 33.62 + 5.76%). Fifteen patients (51.7%) 
had more than 30% CD38+ cells. In mutated group, 
number of cells expressing CD38 ranged from 0.04 
to 76.96% (median 13.7%, mean 24.0 + 8.4%) and 5 
from 10 cases (50%) were CD38-positive. Thus, CLL 
patients with mutated VH genes and CLL patients with 
unmutated VH were not different in terms of CD38 ex-
pression status (Fig. 2). In contrast to unmutated and 
mutated VH cases, the VH gene usage did not differ 
between CD38-positive and CD38-negative patients: 
VH1 family — 11 and 7 cases; VH3 — 7 and 9 cases, 
and VH4 family — 2 and 3 cases in CD38-positive and 
CD38-negative groups, respectively (p > 0.05). 

Fig. 2. Percentage of CD38+ cells among B-CLL cases with 
unmutated and mutated VH genes

To investigate whether the CD38 expression 
level remains constant over time, CD38 expression 
was analyzed in follow-up samples of 7 CLL patients 
over a median time interval of 13 months (range, 4 
to 24 months). In 6 cases the proportion of CD38-
expressing cells changed over follow-up period (in 3 
CLL patients level of CD38 expression has increased 
and in another 3 patients has decreased). The median 
change in the proportion of CD38-expressing cells was 
32.97% (range, 13.2–69%). Of these, CD38 expres-
sion changed from less than 30% to 30% or more in 
1 patient and from more than 30% to less than 30% in 
2 patients. All these patients had unmutated VH status. 
Thus, 3 of 7 analyzed patients could have been clas-
sified in different CD38 expressing groups at different 
time points according to the CD38 expression.

Association of CD38 expression and VH muta-
tion status with clinical data. The age at the moment 
of CLL diagnosis was significantly lower of patients 
with unmutated VH gene compared to those with mu-
tated VH (53.50 vs. 58.16; p < 0.05), and did not differ 
between CD38-positive and CD38-negative patients 
(Table 2). Sex distribution did not differ significantly in 
relation with VH mutation status or CD38 expression, 
but male-female ratio was the lowest in mutated group 

(2.25). This observation supports the data of Damle 
et al. [4], where the prevalence of men among the 
patients with unmutated VH gene in contrast to these 
with mutated VH was revealed. 
Table 2. Characteristics of the patients and results of the univariate analy-
sis of CD38 expression and VH mutation status as prognostic factors

Parameter

IgVH mutation status CD38 antigen expression

Cases with 
mutations, 

n = 13

Cases 
without 

mutations, 
n = 30

< 30%, 
n = 19

> 30%, 
n = 20

Age at diagnosis, 
years (range)

58.16 ± 2.14 
(41–69)

53.50 ± 1.26 
(40–69)

54.57 ± 1.66 
(40–65)

55.40 ± 1.84 
(41–69)

Male : female ratio 2.25 5.0 5.33 3.0
Lymphocyte count 
> 100 x 109/L at dia-
gnosis, patients (%)

2 (15.38%) 6 (20.0%) 3 (15.79%) 5 (25.0%)

Time of follow up, 
months (range)

58.84 ± 
8.35 

(7–255)

45.8 ± 5.82     
(9–137)

32.73 ± 
4.49 

(9–71)

65.10 ± 
8.41 

(7–255)
Stage Binet C or Rai 
III–IV at diagnosis, 
patients (%)

1 (7.69%) 4 (13.33%) 3 (15.79%) 2 (10.0%)

Stage Binet C or Rai 
III–IV at the time of 
enrollment in the 
study, patients (%)

3 (23.07%) 12 (40.0%) 7 (36.48%) 8 (40.0%)

Time of the initial 
therapy, median 
(mean + SD), months   

12.0 
(44.38 ± 
23.12)

7.0 
(18.48 ± 

3.86)

7.0 
(16.87 ± 

4.66)

16.0 
(27.8 ± 
10.54)

Time of the initiation 
of second line 
therapy, median 
(mean + SD), months   

39.0 
(64.71 + 
15.28)

19.0 
(25.95 + 

4.66)

16.0 
(20.59 + 

4.71)

39.0           
(43.97 + 
11.54)

Overall response 
on fludarabine 
treatment, cases/
treated (%)

6/8 (75%) 11/21 
(52.38%)

7/10 
(70.0%)

10/18 
(55.55%)

Complete remission 
on fludarabine 
treatment, cases/
treated (%)

4/8 (50%) 3/21 
(14.28%)

5/10 
(50.0%)

2/18 
(20.0%) 

Survival, cases/
patients (%)

12/13 
(92.31%)

21/30 
(70.0%)

15/19 
(78.95%)

15/20 
(75%)

Overall survival, 
median (mean + SD), 
months

Don’t 
reached  
(221.0 + 
31.04)

114.0         
(90.45 + 
12.02) 

Don’t 
reached 

(restricted 
by 71.0 mo)   

(56.75 + 
5.51)

114.0       
(139.55 + 

30.53)

Clinical data at the moment of the diagnosis were 
similar regardless to VH mutation status or CD38 ex-
pression. But, over the follow-up period the number 
of advanced cases (stage Binet C or Rai III–IV) in-
creased from 13.3 to 40.0% (p < 0.01) in patients with 
unmutated VH gene (the follow-up periods in these 
groups did not differ significantly) and from 10.0 to 
40.0% in CD38-positive (p < 0.01) groups, while did 
not changed significantly in the groups with mutation 
and CD38-negative groups (p > 0.05).    

Patients were treated when symptomatic or progres-
sive disease developed, according to National Cancer 
Institute Working Group criteria [20]. Second line 
therapy was applied when initial therapy was ineffective, 
and disease was progressing. The median times from 
diagnosis to initial treatment in the patients were equal 
regardless to VH mutation status or CD38 expression, 
but the median time period from diagnosis to second 
line therapy differed significantly only between patients 
with VH mutation compared with patients without mu-
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tation (p < 0.05). Age, gender, CD38 expression did 
not correlate with the period of time from diagnosis to 
second line therapy. When fludarabine was applied for 
therapy, complete remissions were achieved mostly in 
mutated vs. unmutated groups (p < 0.05) and CD38-
negative vs. CD38-positive (p < 0.05) patients. The 
combination of these parameters was better predic-
tor for fludarabine treatment response: complete 
remissions were achieved in 3 of 4 CD38-negative and 
patients with VH mutations, and only in 1 from 14 CD38-
positive and VH unmutated group (p < 0.001). 

Kaplan — Meyer preliminary survival analysis with 
log-rank test was performed. Ten patients were dead 
at the time of analysis. The most significant prognostic 
factor (p < 0.0005) was the advanced stage at the mo-
ment of diagnosis. Three patients were dead among 5 
whose disease was revealed at Binet C or Rai III–IV stage 
(60%; survival median of 51 months), and 7 of a cohort 
of 38 patients at early stages of B-CLL (18.42%; survival 
median of 114 months). No significant differences in 
survival were observed by parameters of either CD38 
expression or VH mutation status (Fig. 3). Nine patients 
that died were of unmutated VH status, and only one — of 
mutated status (p = 0.11). The distribution of deceased 
patients according to CD38 expression was equal: 5 were 
CD38-positive and 4 were CD38-negative (p = 0.77; one 
dead patient had undetermined CD38 status). 

Fig. 3. Survival of CLL patients regarding CD38 expression (a) 
and VH mutation status (b)

As far as advanced stage of disease is strong de-
terminant factor for CLL patient’s survival, we tried to 
define significance of VH mutation status and CD38 
expression for prediction of aggressive disease at early 
stages. Only VH mutation status, but not age, gender, 
CD38 expression, was found to predict survival: among 
38 patients at early stages of B-CLL at the moment of 
diagnosis, all 7 deceased patients belonged to the 
group of 26 patients with unmutated VH status (median 
survival 114 months), whereas median survival esti-

mates cannot be computed for the group with mutated 
status (12 patients) since all patients are alive (p < 0.05).  
In general, the shortest survival in analyzed group of 
B-CLL patients was in the case of a patient B. with 
2.45% of CD38+ cells (15.49% in repeated analysis) and 
unmutated VH3‑9 gene (100% homology with germline 
gene). On the contrary, patient V. with 76.96% of CD38+ 
cells and mutated VH3‑21 gene (96% homology with 
germline gene) has the best clinical behavior in analyzed 
group (alive, 255 months of observation).  

A considerable heterogeneity within B-CLL patients 
is evident in the diversity of clinical presentation, re-
sponse to treatment and survival. About one-third of 
CLL patients never require treatment and have a long 
survival; in another third an initial indolent phase is fol-
lowed by progression of the disease; the remaining third 
of the patients have aggressive disease at the outset 
and need immediate treatment. Early and accurate de-
termination of prognosis in CLL patients is of increasing 
clinical importance now, because it allows minimize the 
need for potentially toxic therapy in patients with low 
long-term risk of disease progression and identifying 
a cohort of patients with higher-risk disease in whom 
trials of therapy are more likely to be beneficial. 

In this study we present the data showing that for 
early stage B-CLL patients VH mutation status predict a 
more aggressive behavior of the disease. The increasing 
number of advanced cases over the follow-up period, 
shorter median time from diagnosis to start of second 
line therapy, worse response to fludarabine treatment, 
poor survival for early stages were found in unmutated 
vs. mutated CLL patients. At the same time such data as 
the increasing number of advanced cases over the fol-
low-up period, worse response to fludarabine treatment 
in CD38-positive vs. CD38-negative patients; the similar 
median survival for patients with unmutated VH status 
and CD38-positive patients proved for the prognostic 
impact of CD38 expression as well. 

In agreement with Thunberg et al. [15], we did not 
find a significant correlation between CD38 expression 
and VH mutation status. The proportion of CD38-positive 
cases was equal in the groups with mutated and unmu-
tated VH gene, and the results of immunophenotyping 
can not be used for accurate prediction of VH mutation 
status. We also confirmed the data of the authors [11, 15],  
that CD38 expression can alter over time. However, the 
determination of both markers is helpful for CLL prog-
nosis, because they both have prognostic significance 
and seem to reflect different unrelated characteristics 
of malignant B-lymphocytes [21]. The best response to 
fludarabine treatment of CD38-negative B-CLL patients 
carrying VH mutation vs. CD38-positive patients without 
VH mutation confirmed this conclusion. 
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значение мутационного статуса генов VH для прогноза 
течения в‑клеточного хронического лимфолейкоза

Цель данной работы — оценить значение мутационного статуса генов VH для прогноза течения В-клеточного хронического 
лимфолейкоза (В-ХЛЛ) в сравнении с другими известными факторами прогноза. Материалы и методы: мутационный 
статус VH-генов был оценен у 43 больных с В-ХЛЛ с использованием ОТ-ПЦР и секвенирования полученных нуклеотидных 
последовательностей, экспрессия антигена CD38 — методом двухцветной иммунофлуоресценции. Прогностическое значение 
VH-мутаций и экспрессии CD38  оценивали различными статистическими методами. Результаты: в группе больных с В-ХЛЛ 
без мутаций VH-генов заболевание прогрессировало быстрее, чем в группе с мутациями VH-гена, и наблюдался худший ответ 
на терапию флударабином, более низкая продолжительность жизни. Экспрессия антигена CD38 коррелировала с ответом на 
терапию флударабином и скоростью прогрессирования заболевания. Корреляция между экспрессией антигена CD38 и VH 
мутационным статусом не выявлена. Выводы: целесообразным представляется одновременное определение VH мутационного 
статуса и экспрессии антигена CD38 для прогноза течения В-ХЛЛ.
Ключевые слова: В-ХЛЛ, VH мутационный статус, CD38-антиген.
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