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Abstract. The effect of imatinib on T and B cells in patients 
with chronic myelogenous leukaemia (CML) is not well 
understood. An upregulation of the transcription factor 
Broad‑complex‑Tramtrack‑Bric‑a‑Brac and Cap'n'collar  1 
bZip transcription factor 2 (BACH2), which is involved in 
the development and differentiation of B cells, was demon-
strated in a CML cell line treated with imatinib. The present 
study retrospectively analysed the expression and distribu-
tion of cluster of differentiation (CD)3, CD20 and BACH2 
(per 1,000 cells), as well as the co‑expression of CD20 and 
BACH2, using immunohistochemistry in serial bone marrow 
trephines obtained from 14 CML patients treated with imatinib 
in comparison to 17 patients with newly diagnosed CML and 
6 control trephines. Bone marrow trephines of CML patients 
in remission under imatinib therapy exhibited significantly 
higher numbers of CD3 and CD20 infiltrates (partly ordered 
in aggregates) compared with patients with newly diagnosed 
CML and control individuals. Similarly, nuclear expression of 
BACH2 in granulopoietic cells was increased in CML patients 
treated with imatinib, which may represent the histological 
correlate of the positive treatment effect. Furthermore, since 
BACH2 is involved in B cell development, its altered expres-
sion patterns by imatinib may be one explanation for high B cell 
numbers, as revealed by CD20/BACH2 (nuclear)‑positive 
cells. As the present data are preliminary, future prospective 
studies are required to assess the prognostic and predictive 
role of BACH2 in patients with CML under targeted therapy.

Introduction

The tyrosine kinase inhibitor (TKI) imatinib, also known as 
STI571, Glivec® and Gleevec®, which is also active against B cell 
receptor/Abelson murine leukemia viral oncogene homolog 1 
(BCR/ABL1) kinase, has been approved as a first line therapy 
for Philadelphia‑chromosome positive chronic myelogenous 
leukaemia (CML) with good therapy response data (1‑5). Even 
though the drug is well tolerated, it exhibits an effect on the 
immune system that is presently not well understood, but may 
possibly be due to a modulation of various T and B cell response 
mechanisms (4,6‑14). As bone marrow trephines are performed 
during TKI-treatment, identifying the possible effects of treat-
ment on the number, distribution and immunophenotype of 
lymphocytes is important for assessing these cases.

It is notable that BCR‑ABL1 was demonstrated to repress 
Broad‑complex‑Tramtrack‑Bric‑a‑Brac and Cap'n'collar 1 bZip 
transcription factor 2 (BACH2), a transcription factor involved 
in the development and differentiation of B cells, whereas cluster 
of differentiation (CD)34+ cells treated in vitro with imatinib 
exhibited a consistent mRNA accumulation and nuclear repo-
sitioning of BACH2 (15,16). The BACH family of transcription 
factors, which mediate transcriptional repression, comprises 
BACH1 and BACH2. Whereas BACH1 is expressed ubiqui-
tously, BACH2 (mapped to chromosome 6q15) is primarily 
observed in neuronal cells and during specific stages of B cell 
differentiation (17‑19). In particular, BACH2 is central in the 
late stages of B cell development and is a critical component of 
the transcription factor network, which regulates the terminal 
differentiation of mature B cells into antibody‑secreting plasma 
cells. During this, BACH2 is required to delay the plasma cell 
differentiation long enough to allow class switch recombination 
and somatic hypermutation (17,20‑23).

Overall, it may be hypothesised that upregulation of 
BACH2 via blockage of BCR/ABL1 tyrosine kinase plays 
an immunomodulatory role, which affects bone marrow 
lymphocytes. Previous aforementioned studies refer to either 
serum, bone marrow aspirates, cell cultures or mouse models; 
however, data obtained from human bone marrow trephines 
are scarce. Therefore, the present study retrospectively investi-
gated bone marrow trephines of patients with newly diagnosed 
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CML, and CML patients in remission under imatinib treat-
ment for the presence and distribution of T and B cells, as well 
as for BACH2 expression patterns.

Patients and methods

Patients. For the present retrospective analysis, a total of 
53 paraffin‑embedded bone marrow trephines were obtained 
between October 2006 and October 2014 from 37 patients 
from the archive of the Institute of Pathology, Charité 
Universitätsmedizin (Berlin, Germany). The trephines were 
from the following patient groups: CML group (initial diag-
nosis), follow‑up CML group (under imatinib therapy) and 
control group. 

The CML group comprised of 17 trephines obtained from 
17 patients at the time of initial CML diagnosis (4 women; 
13 men; mean age at diagnosis, 58.4 years; age range at diag-
nosis, 23‑74 years). CML diagnosis was made according to the 
World Health Organisation (WHO) guidelines (24), including 
the detection of BCR/ABL1‑fusion by polymerase chain reac-
tion and/or fluorescence in situ hybridization. No follow‑up 
data were available for these patients.

The follow‑up CML group comprised of 30 bone marrow 
trephines from 14 patients with an established diagnosis of 
CML (4 women; 10 men; mean age at diagnosis, 46.7 years; 
age range at diagnosis, 5‑73 years). Diagnosis was made at 
the Department of Internal Medicine III, Klinikum Chem-
nitz gGMBH (Chemnitz, Germany), according to the WHO 
guidelines (24). At least two follow‑up trephines per patient 
were available, obtained at various time points during treat-
ment with imatinib (range, 3‑104 months). Therapy response 
was classified as complete molecular remission (CMR), major 
molecular remission (MMR) and complete cytogenetic remis-
sion (CCgR). For two patients (1 and 8) these data were not 
available; since their bone marrow trephines did not exhibit 
any CML relapse; therefore, they were classified as haemato-
logical remission (HR).

The control group comprised of 6 bone marrow trephines 
from 6 patients, who underwent investigation to exclude a 
disease of the haematolymphoid system (2 women; 4 men; 
mean age at the time of biopsy, 50.5 years; age range at time of 
biopsy, 26‑71 years). In all cases, the bone marrow was normo-
cellular without any signs of haematolymphoid malignancy.

All 53 samples were anonymised. Dr Korinna Jöhrens and 
Dr Maximilian von Laffert (Institute of Pathology, Charité 
Universitätsmedizin) performed histomorphological and 
immunohistological evaluation without knowledge of diag-
nosis and therapy duration. The present study was conducted 
according to institutional guidelines, and was approved by 
the Ethics Commission of the Charité Universitätsmedizin 
(approval no., EA4/129/15). Detailed morphological descrip-
tions of all 53 trephines with the corresponding clinical data, 
including age, gender, interval of biopsy following CML‑diag-
nosis and remission status, are shown in Tables I‑III.

Histology and immunohistochemistry. All bone marrow 
trephines were fixed in 4% formaldehyde, decalcified using an 
EDTA‑containing solution and embedded in paraffin. Sections 
were cut to 4 µm‑thick and stained with haematoxylin and 
eosin, Giemsa, Gomori silver impregnation, iron and the 

periodic acid‑Schiff reaction. Deparaffinisation, as well as 
epitope retrieval and immunostainings, were performed within 
the automated Leica Bond‑Max™ System (Leica Biosystems 
GmbH, Nussloch, Germany). The following primary anti-
bodies were used: Mouse monoclonal anti‑glycophorin  C 
(clone, Ret40f; catalog no., M0820; dilution, 1:400), CD20 
(clone, L26; catalog no., M0755; dilution, 1:750) and CD68 
(clone, PG‑M1; catalog no., M0876; dilution, 1:200) (Dako, 
Glostrup, Denmark); mouse monoclonal anti-CD34 (clone, 
QBEnd/10; catalog no., END-L-CE; dilution, 1:50) and CD3 
(clone, LN10; catalog no., CD3-565-L-CE; dilution, 1:50) 
(Novocastra™, Leica Biosystems, Ltd., Newcastle upon Tyne, 
UK); mouse monoclonal anti-CD61 (clone, 2f2; catalog no., 
PA0308; dilution, 1:50; Leica Biosystems, Ltd.); rabbit poly-
clonal anti‑myeloperoxidase (catalog no., RB-373-A; dilution, 
1:300; Thermo Fisher Scientific, Inc., Waltham, MA, USA); 
and rabbit polyclonal anti‑BACH2 (catalog no., LS-B3533; 
dilution, 1:200; LifeSpan Biosciences, Eching, Germany). 
For visualization of bound antibodies, Bond Polymer Refine 
Diaminobenzidine (DAB) kit was used (Leica Biosystems, 
Ltd). In order to verify BACH2 expression in B  cells, a 
double immunostaining protocol was used, as available in 
the Bond‑Max™ System. BACH2 expression was visualized 
using the Bond Polymer Alkaline Phosphatase kit, resulting in 
a red stain, while CD20 was visualized with the Bond Polymer 
Refine DAB kit, resulting in a brown stain.

Distribution and quantification of lymphocytes and BACH2 
expression. In all samples, the distribution of T and B cells 
was investigated and classified as interstitial or para‑trabec-
ular. Compact cell clusters, forming a cohesive unit of 
≥50  lymphocytes, were defined as aggregates. Solitary or 
loosely distributed lymphocytes were defined as infiltrates. 
BACH2 expression was classified as nuclear (nuc) or cyto-
plasmic (cp). In each trephine, 1,000 cells were counted, and 
the expression of CD3, CD20 and BACH2 was evaluated, as 
well as the co‑expression of the latter two. The 1,000 cells 
viewed per trephine consisted of 10 representative fields, each 
with 100 cells. The aforementioned aggregates were evalu-
ated separately and were not part of the 1,000 cell counting 
process. In each aggregate, the total number of CD3, CD20 
and CD20/BACH2 staining cells was counted. Counting and 
evaluation was performed at x40 and x60 objective with a 
25 mm field of view ocular (BX40, Olympus Europa Holding 
GmbH, Hamburg, Germany). Two pathologists (Dr Maxi-
milian von Laffert and Dr Korinna Jöhrens) evaluated the 
stainings independently.

Statistical analysis. Shapiro‑Wilk test was used to test if the 
parameters [CD3, CD20, CD20/BACH2 (nuc), BACH2 (nuc), 
BACH2 (cp)] within the three groups (CML, follow‑up CML 
and control groups) followed a normal distribution; P<0.05 
indicated that parameters were not normally distributed. 
Kruskal‑Wallis test was used to evaluate if the distribu-
tion of the parameters [CD3, CD20, CD20/BACH2 (nuc), 
BACH2 (nuc), BACH2 (cp)] was identical over the three 
groups (null hypothesis; H0). H0 was rejected for P<0.05; H1 
indicated a significant difference between the three groups. 
Statistical analysis was performed using SPSS version 21 
software (IBM SPSS, Armonk, NY, USA).
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Results

Lymphocytic aggregates and infiltrates. Compared to the 
CML (initial diagnosis) and control groups, the follow‑up 
CML group (under therapy) exhibited an increased amount 
of interstitial lymphocytic aggregates and infiltrates; the latter 
being either solitary or loosely distributed (Tables IV and V).

In particular, aggregates were observed in 60% (18/30) 
of the trephines [86% (12/14) of the patients] in the follow‑up 
CML group. A total of 7  trephines exhibited >1 aggregate 
(maximum, 4 aggregates per trephine), and a total of 30 aggre-
gates were identified with B cells slightly outnumbering T cells 
(mean ratio of CD3:CD20, 36.8:47.4). In comparison, 5 aggre-
gates were identified in the 17 trephines of the CML group at 

Table III. Control group. Detailed description of the morphological findings of 6 biopsies of 6 patients with benign bone marrow.

	 Staining per 1,000 cells
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	  Aggregate cell total
	 BACH2	 BACH2	 CD20/BACH2	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Case no.	 Age	 Gender	 CD3	 CD20	 (cp)	 (nuc)	 (nuc)	 CD3:CD20:CD20/BACH2 (nuc)

1	 45	 F	 135	 96	 510	 25	 87	‑
2	 71	 M	 168	 35	 195	 11	 10	   25:62:10
3	 30	 F	 146	 41	 146	 28	 18	‑
4	 26	 M	 105	 39	 304	 35	 12	‑
5	 67	 M	 111	 20	 197	 20	   9	 41:26:3
6	 64	 M	 159	 19	 396	   8	   7	‑

Cell numbers for CD3, CD20, BACH2 (cp), BACH2 (nuc), as well as CD20/BACH2 (nuc) are given per 1,000 cells and reflect the defined 
infiltrates. If aggregates were identified (n=2), the absolute cell counts for CD3, CD20 and CD20/BACH2 (nuc) are provided. CML, chronic 
myelogenous leukaemia; CD, cluster of differentiation; BACH2, Broad‑complex‑Tramtrack‑Bric‑a‑Brac and Cap'n'collar 1 bZip transcription 
factor 2; cp, cytoplasmic; nuc, nuclear.

Table II. CML inital diagnosis group. Detailed description of the morphological findings of 17 biopsies of 17 patients with CML 
at initial diagnosis.

	 Staining per 1,000 cells
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	  Aggregate cell total
	 BACH2	 BACH2	 CD20/BACH2	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Case no.	 Age	 Gender	 CD3	 CD20	 (cp)	 (nuc)	 (nuc)	 CD3:CD20:CD20/BACH2 (nuc)

  1	 48	 M	 75	 19	 556	   5	   7	‑
  2	 72	 F	 56	 12	 423	   4	   8	‑
  3	 74	 M	 49	 13	 380	   1	 10	‑
  4	 66	 M	 41	   2	 440	   1	   1	‑
  5	 72	 M	 53	 18	 360	   6	 13	‑
  6	 55	 M	 73	 15	 448	   1	 10	‑
  7	 63	 M	 51	   1	 423	   0	   1	‑
  8	 67	 F	 62	   6	 658	   5	   4	‑
  9	 58	 M	 58	   9	 758	 10	   6	‑
10	 40	 M	 44	 10	 776	 11	   7	‑
11	 59	 F	 51	   8	 860	   6	   5	‑
12	 69	 F	 54	   2	 590	   1	   2	‑
13	 42	 M	 57	   3	 660	   3	   2	‑
14	 45	 M	 56	   7	 550	   3	   3	 68:30:25 and 42:26:2
15	 64	 M	 51	   6	 440	   1	   4	 38:109:25
16	 23	 M	 45	   2	 767	   1	   2	‑
17	 74	 M	 57	 19	 667	   0	   8	 42:35:10 and 32:14:7

Cell numbers for CD3, CD20, BACH2 (cp), BACH2 (nuc), as well as CD20/BACH2 (nuc) are given per 1,000 cells and reflect the defined 
infiltrates. If aggregates were identified (n=5), the absolute cell counts for CD3, CD20 and CD20/BACH2 (nuc) are provided. CML, chronic 
myelogenous leukaemia; CD, cluster of differentiation; BACH2, Broad‑complex‑Tramtrack‑Bric‑a‑Brac and Cap'n'collar 1 bZip transcription 
factor 2; cp, cytoplasmic; nuc, nuclear.
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diagnosis (mean ratio of CD3:CD20, 44.4:42.8) and 2 in the 
control group (mean ratio of CD3:CD20, 33:44) (Tables I‑IV).

Compared to the CML and the control group, the follow‑up 
group exhibit a higher amount of solitary and/or loosely distrib-
uted lymphocytes consisting of CD3‑ and CD20‑positive cells. 
These types of infiltrates were observed in all follow‑up group 
trephines, with T cells outnumbering B cells. In more detail, 
within the 17 trephines with CML the mean value for CD3 and 
CD20 per 1,000 cells was 54.9 (range, 41‑75) and 8.9 (range, 
1‑19), respectively, compared with 284.9 (range: 121‑625) and 
116.6 (range, 47‑248) for CD3 and CD20, respectively, for the 
follow‑up group under therapy. The control group had mean 
values of 137.3 (range, 105‑168) for CD3 and 41.7 (range, 
19‑96) for CD20 per 1,000 cells (Tables I‑III and V).

BACH2 expression and CD20/BACH2 co‑expression patterns. 
BACH2 expression was observed in the cp and nuc of the 
granulopoietic cells. Furthermore, an expression of BACH2 
(nuc) was identified in the above‑described infiltrates and 
aggregates rich in CD20 cells. For an improved understanding 
of these BACH2 (nuc)‑positive cells additional CD20/BACH2 
double stainings were performed in all 53 trephines.

In the initial CML diagnosis group, the mean value in the 
granulopoietic cells for BACH2 (cp) was 573.9 per 1,000 cells 
(range, 360‑860) and 3.5 (range, 0‑11) for BACH2 (nuc). These 
values differed from the two other groups, which revealed a 
mean expression of 243.3 (range, 100‑600) for BACH2 (cp) 
and 43.1 (range, 2‑269) for BACH2 (nuc) in the follow‑up 
group under treatment with imatinib, and mean values of 
291.3 (range, 146‑510) for BACH2 (cp) and 21.2 (range, 8‑35) 
for BACH2 (nuc) in the control group. Evaluation of double 

staining in the solitary and loosely distributed lymphocytes 
revealed that the mean value for CD20/BACH2 (nuc) was 5.5 
per 1,000 cells (range, 1‑13) for samples in the CML initial 
diagnosis group, 63.4 (range, 4‑202) in the follow‑up treatment 
group and 23.8 (range, 7‑87) in the control group (Fig. 1A‑C; 
Tables  I‑III  and V). Within the lymphocytic aggregates a 
subpopulation of B  cells also exhibited nuclear BACH2 
expression in all three groups (Fig. 1D; Tables I‑IV).

Statistical analysis, association with remission status and 
other clinical factors. Within the analyzed groups (CML, 
follow-up and control), the five parameters [CD3, CD20, 
BACH2 (cp), BACH2 (nuc) and CD20/BACH2 (nuc)] did not 
follow a normal distribution (P<0.05) and were significantly 
different (P<0.05) as tested by Kruskal‑Wallis (Table V). In 
detail, differences between the three groups were significant 
and revealed higher amounts of T and B cells in CML‑patients 
treated with imatininb compared to patients in the initial CML 
diagnosis and control groups. The same was true for BACH2 
(nuc) expressions in granulopoietic cells and B cells, whereas 
BACH2 (cp) was higher in the granulopoietic cells of the inital 
diagnosis CML group. 

Following anonymised analysis of all samples, the 
follow‑up group was associated with available clinical data, 
particularly concerning therapy response/remission status, as 
well as duration of treatment, and alterations in health status, 
including acute infection and therapy regimen (data from 
electronic health records). At the time of biopsy (follow‑up 
time between 9 and 104 months), all patients exhibited therapy 
responses (Table I). The remission status for patients in the 
follow‑up CML group was as follows: 8 patients with CMR, 

Table V. Mean immunohistochemical compositions of lymphoid infiltrates per 1,000 cells within the three different groups.

	 Mean CML diagnosis	 Mean follow‑up CML	 Mean control
Staining	 group (range)	 group (range)	 group (range)	 P‑value

CD3	 54.9 (41‑75)	   284.9 (121‑625)	     137.3 (105‑168)	 <0.05
CD20	 8.9 (1‑19)	 116.6 (47‑248)	   41.7 (19‑96)	 <0.05
BACH2 (cp)	   573.9 (360‑860)	   243.3 (100‑600)	     291.3 (146‑510)	 <0.05
BACH2 (nuc)	 3.5 (0‑11)	 43.1 (2‑269)	 21.2 (8‑35)	 <0.05
CD20/BACH2 (nuc)	 5.5 (1‑13)	 63.4 (4‑202)	 23.8 (7‑87)	 <0.05

For a detailed immunohistochemical composition of each infiltrate see Tables I‑III. CML, chronic myelogenous leukaemia; CD, cluster of 
differentiation; BACH2, Broad‑complex‑Tramtrack‑Bric‑a‑Brac and Cap'n'collar 1 bZip transcription factor 2; cp, cytoplasmic; nuc, nuclear.

Table IV. Total number of aggregates and their mean immunohistochemical composition within the three different groups. 

		  Total number of aggregates	 Mean composition of aggregates
Group	 No. of biopsies	 (range per trephine)	 CD3:CD20:CD20/BACH2 (nuc)

CML (initial diagnosis)	 17	   5 (0‑2)	   44.4:42.8:13.8
Follow‑up CML (under therapy)	 30	 30 (0‑4)	   36.8:47.4:15.7
Control	   6	   2 (0‑1)	 33.0:44.0:6.5

For a detailed immunohistochemical composition of each infiltrate see Tables I‑III. CML, chronic myelogenous leukaemia; CD, cluster of 
differentiation; BACH2, Broad‑complex‑Tramtrack‑Bric‑a‑Brac and Cap'n'collar 1 bZip transcription factor 2; nuc, nuclear.
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3 patients with MMR, 1 patients with CCgR and 2 patients 
with HR. As aforementioned, patients with initially diagnosed 
CML exhibited a maximum of 11 cells per 1,000 with nuclear 
BACH2 expression (mean, 3.5; range, 0‑11), the control group 
exhibited nuclear BACH2 expression between 8 and 35 cells 
per 1,000 (mean, 21.2), while the mean expression in the CML 
follow‑up treatment group was 43.1 (range, 2‑269). Therefore, 
it appears that a nuclear BACH2 cut off of >11 for therapy 
response may be appropriate in the present collective.

No association was detectable between BACH2 expression 
and duration of imatinib treatment (range, 3‑104 months). 
Additional analysis of the clinical data revealed no affect on 
the health status or other disorders, including acute infections 
or an alteration to the therapeutic regimen, at time of biopsy.

Discussion

Cytological and histological investigation of peripheral blood 
and bone marrow with consecutive cytogenetic demonstra-
tion of the Philadelphia chromosome, and/or the molecular 
detection of BCR/ABL1 transcript, forms the diagnostic basis 
of CML and leads to consecutive targeted therapy (24‑26). 
Although therapy response is encouraging, the conse-
quences on the immune system, due to ABL tyrosine kinase 
blockage, are far away from being well understood and are 
discussed controversially  (6‑14). Furthermore, knowledge 
of possible histomorphological alterations are important for 
the evaluation of bone marrow trephines obtained during 
TKI treatment.

The present retrospective analysis of serial bone marrow 
trephines from CML patients in various stages of haematologic, 
cytogenetic and molecular remission under imatinib therapy 
(Table I) revealed significantly higher numbers of CD3‑ and 
CD20‑positive infiltrating cells (partly ordered in aggregates) 
compared with trephines of CML patients at the time of 
diagnosis and control trephines. Similar results were obtained 
for the nuclear expression of BACH2 in granulopoietic cells, 
whereas the amount of cytoplasmic BACH2 accumulation was 
lower. These BACH2 expression shifts may represent the histo-
logical correlate of the positive effects of the treatment strategy. 
Furthermore, this induced BACH2‑stimulation may lead to 
additional B cell differentiation, which is demonstrated by the 
occurrence of CD20/BACH2 (nuc)‑positive cells. The number of 
increased T cells in the imatinib‑treated patient group is in line 
with findings observed under dasatinib treatment, where large 
granular lymphocytes and natural killer cells were revealed to 
play a role in CML immune surveillance (27,28). Similar obser-
vations have been reported in imatinib‑treated Philadelphia 
chromosome positive B lymphoblastic leukaemia (29), demon-
strating a predominant presence of CD4 and CD8 lymphocytes 
directed against the p190 BCR/ABL protein in bone marrow in 
comparison to peripheral blood. The occurrence of such cells 
has been demonstrated to be associated with lower minimal 
residual disease values, whereas their absence is reported in 
relapse patients (29).

The high CD20 counts observed in the present follow‑up 
CML patients under imatinib therapy (Fig.  1B  and  D; 
Table V) are similar to the flow cytometry data identified by 

Figure 1. CD20/BACH2 double immunostains in bone marrow trephines of patients in CML at diagnosis, CML under imatinib treatment and control groups. 
(A) Bone marrow in patients with CML at initial diagnosis contained a low number of CD20‑positive B cells, with additional BACH2 expression. Granulopoietic 
cells exhibited a clear cytoplasmic and focal nuclear expression of BACH2. (B) Patients with CML under imatinib treatment had bone marrow that exhibited 
an increased number of granulopoietic cells with nuclear BACH2 expression, and an increased number of CD20‑positive B cells, partly with nuclear BACH2 
expression. (C) Bone marrow from patients in the control group contained higher numbers of B cells coexpressing BACH2 and granulopoietic cells with nuclear 
BACH2 expression compared with CML at diagnosis, but lower numbers of both cell types compared with CML under imatinib treatment. (D) Increased 
B cells under imatinib treatment also formed aggregates that contained T cells. Certain B cells within these aggregates exhibited nuclear BACH2 expres-
sion. Yellow arrows, co‑expression of CD20/BACH2; white arrows, nuclear BACH2 expression in granulopoietic cells; green arrows, cytoplasmic BACH2 
expression in granulopoietic cells. CML, chronic myelogenous leukaemia; CD, cluster of differentiation; BACH2, Broad‑complex‑Tramtrack‑Bric‑a‑Brac and 
Cap'n'collar 1 bZip transcription factor 2.

  A   B

  C   D
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Rohon et al (30), which revealed lower proportions of B cells 
and dendritic cells at the time of CML diagnosis and that 
these levels increase (normalize) during TKI‑therapy in bone 
marrow and peripheral blood. In addition, the present study 
identified a frequent nuc expression of BACH2 in granulopoi-
etic cells and in a proportion of B cells, whereas BACH2 nuc 
expression in granulopoietic cells and B cells was significantly 
lower in trephines from CML initial diagnosis and control 
groups (Table V). Regarding BACH2 in the context of CML, 
the BCR/ABL1 fusion protein leads, among other pathways, to 
an increased phosphorylation and nuclear export of BACH2. 
This results in an enhanced cell survival owing to resistance 
to oxidative stress (17,31). This is reflected by the present histo-
logical examination, which revealed a low amount of nuc, but 
a high amount of cp BACH2 intensity in the granulopoietic 
cells of newly diagnosed CML patients (Fig. 1A; Table V). The 
observation of nuclear BACH2 expression in granulopoietic 
cells in the imatinib‑treated CML patients (Fig. 1B) presents, 
to the best of our knowledge, the first in vivo demonstration of 
a finding previously reported in cultured BCR/ABL1 positive 
cells (15,16). This accumulation and nuclear repositioning, or 
translocation to the nucleus, of BACH2 obviously increases 
the rate of apoptosis, and thus enhances the cytotoxic effect of 
therapy, as demonstrated by previous studies (15‑17,32). This 
type of nuclear translocation was also discussed as a modulator 
of the therapy response in mantle cell lymphoma (33). Whereas 
nuclear BACH2 expression is reduced in CML, imatinib leads 
to normalization and/or an increase in nuclear BACH2 levels. 
Therefore, at first sight, a nuclear BACH2 cut off of >11 for 
therapy response (normalization of the BACH2 level) may be 
appropriate in the present cohort. However, there were two 
patients in the responder group that exhibited an expression of 
<11 per 1,000 cells in their trephines. Therefore, it appears to 
be important to regard the therapy response data in the context 
of the development of BACH2 expressions compared with the 
baseline (CML diagnosis) and a parallel increase of T and 
B cells. Thus, the present data are preliminary and to identify 
a distinct cut off, a larger and comparative study is required.

Fur thermore, as the present study reveals, the 
imatinib‑associated BACH2 upregulation may lead to its nuc 
expression in a proportion of B cells, and this therefore illus-
trates one aspect of the complex interplay between BCR/ABL 
and BACH2, which affects differentiations of lymphoid and 
myeloid cells. Its role as a prognostic and/or predictive marker 
in CML, including in the context of imatinib resistance, remains 
unclear and appears to be worth testing in a prospective clinical 
context, since its prognostic significance has already been 
demonstrated in diffuse large B‑cell lymphomas (34).

In conclusion, the present study revealed that bone marrow 
trephines of imatinib‑treated CML patients are characterized 
by an increased number of interstitial lymphoid cells, partly 
arranged in aggregates. In addition, BACH2 upregulation 
with nuc expression is observed in granulopoietic and B cells. 
Therefore, the present study suggests that BACH2 in the 
context of TKI‑receptor blockage has an effect on additional 
B cell development/differentiation, and its expression pattern 
may assist in monitoring the response to imatinib at a histo-
logical level. As patients of the CML diagnosis group were 
different to those of the follow-up group, the data reported by 
the present study requires cautionary interpretation. Future 

prospective studies are advisable to strengthen the role of 
BACH2 as a prognostic and predictive marker in CML.
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