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Background: Cannabinoid receptors CB1 and CB2 are part the endocannabinoid system that plays an important role in the process
of proliferation and apoptosis of different neoplastic cells. B-cell chronic lymphocytic leukaemia is one of the diseases in which
these processes are altered. Aim: The aim of our study was the assessment of cannabinoid receptor expression on the B-lymphocytes
in bone marrow trephine biopsy from leukaemic patients at diagnosis and after purine analogue treatment. Methods: The biopsy
was taken routinely and standard immunohistochemical staining procedure for paraffin embedded sections was applied. The can-
nabinoid receptors were detected using specific primary polyclonal antibody anti-CB1 and anti-CB2. Additionally, an existence
of cannabinoid receptors was confirmed by flow cytometry. Results: The results showed that the expression of CB1 receptor on
the surface of neoplastic cells was lower than that of CB2 (17.0 £ 3.1% and 92.1 £ 1.7% respectively, p < 0.001). Nine of the
patients responded to applied treatment with a reduction in leukaemic infiltration (77.2 £ 6.9% to 30.2 + 6.5%, p = 0.007) and
CBI1 receptor expression (24.4 + 4.8% to 8.6 £ 2.9%, p = 0.01), but there was no change in CB2 expression (91.7 £ 2.7% vs
90.9 + 2.8%, p = 0.69). Four patients without remission expressed even greater number of the receptors. In all of the cases both
cannabinoid receptor types antibodies gave positive reaction. Furthermore, the existence of cannabinoid receptors on neoplastic
lymphocytes was confirmed by flow cytometry. Conclusion: The study provides original evidence for the existence of cannabinoid
receptors on B-lymphocytes in chronic lymphocytic leukaemia patients. The receptors are thought to be a new structure that can
modify the course of the disease and may be considered as a new target in leukaemia treatment.
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Marijuana derived from cannabis sativa (Moraceae)
has been one of the oldest psychoactive and healing
substances widely used by men for many centuries. In
contemporary medicine these substances are still ap-
pliedin such complications like nausea related to che-
motherapy, and used as an appetite stimulator in AIDS
patients. Moreover, cannabinoid receptor antagonists
are currently used in obesity treatment [1, 2].

Studies on the rational use of cannabinoids have
grown up recently and to a great extent have been
related to the discovery of two cannabinoid recep-
tors, CB1 and CB2. CB1 receptors are expressed
predominantly in the brain, whereas CB2 receptors
are found primarily in the cells of the immune system
[6, 7, 12, 14]. Furthermore, endogenous ligands for
these receptors have also been discovered and called
endocannabinoids [4]. The physiological interactions
of this system in the field of immunology and carcino-
genesis remain unclear.

B-cell chronic lymphocytic leukaemia (CLL)
is a disease characterised primarily by defects in
programmed cell death regulation [15]. CLL is still
considered an incurable disease. So far great efforts
have been undertaken to improve the results of CLL
treatment and finally eradicate this disease.
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nohistochemistry; MFI — mean fluorescence intensity.

Our former study showed an existence of signifi-
cant differences in cannabinoid receptors expression
between CLL patients and healthy individuals. A higher
percentage of B-lymphocytes expressing cannabinoid
receptors and their higher fluorescence intensity as-
sessed by flow cytometry (FC) in the CLL patient group
suggest that the cannabinoid system may take partin
CLL development [16].

The aim of our study was the assessment of can-
nabinoid receptor expression on the lymphocytes B in
bone marrow trephine biopsy (BMT) derived from pa-
tients with diagnosed chronic lymphocytic leukaemia.
The influence of purine nucleoside analogues treat-
ment (fludarabine or 2-chlorodeoxyadenosine) on the
cannabinoid receptors expression was evaluated.

MATERIALS AND METHODS

The studied specimens were obtained from 18 pre-
viously untreated CLL patients and 13 of the patients
after the treatment with purine nucleoside analogues
containing regimens (fludarabine, n = 7, 2-chloro-
deoxyadenosine, n = 6). The study was approved by
the local Ethic Committee and all evaluated subjects
signed the consent for the study. The individuals, fe-
males and males aged 35 to 72, were in lI-IV clinical
stage of the disease according to Rai staging system.
BMT was performed in every patient as initial exami-
nation prior to chemotherapy and after six courses of
treatment. Bone marrow tissue was taken routinely
from the posterior iliac spine using the Jamshidi type
needle. The sample was fixed in the so called Ox-
ford solution (100 ml of 40% formaldehyde solution,
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900 ml of destilated water, 8.7 g NaCl, 20 ml of acetic
acid glacial) for 48 h. After fixing, the representa-
tive trephine specimens were put into paraffin bars.
5 um sections were cut using microtom. In the BMT,
morphology was analysed on standard haematoxylin
and eosin stained sections. The origin of neoplastic
cells forming infiltration was confirmed by coupling
with antiCD20 monoclonal antibody (DAKO, catalog
No M0755). For identification of other leukocytes we
used MAC 387 monoclonal antibody (DAKO, catalog
No M0747). The cannabinoid receptors were detected
using specific primary polyclonal CB1 antibody (CB1,
catalog No PA1-745, Affinity BioReagents; Golden,
Co, USA) and CB2 antibody (CB2 receptor polyclonal
antibody, catalog No. 101550, Cayman Chemical, Ann
Arbor, USA) in dilution 1 : 50 and 1 : 100, respectively.
All sections required microwave heating for receptor
retrieval. Primary antibodies were visualised by the
biotin-streptavidin-peroxidase method using LSAB +
HRPkit with DAB (3,3-diaminobenzidine). The positive
reaction was seen as a brown colour. For negative
control the sections underwent the above procedure
without primary antibodies. Positive control for CB1
and CB2 antibodies was performed using lymph node
slices obtained from T cell lymphoma patient. The
intensity of immunohistochemical (IHC) staining was
defined as negative, weak staining, moderate staining
and strong staining.

The percentage of lymphoid cells with the positive
reactions was assessed using morphometric analy-
ser set Microlmage (OLYMPUS) with Analysis DP12
program.

Flow cytometry assessment of aberrant CLL phe-
notype and cannabinoid receptor expression were
performed in all patients at the time of diagnosis
(n = 18). Additionally, bone marrow FC assessment
was performed in 3 cases before the treatment. To
confirm a specific phenotype commercially available
monoclonal antibodies (Becton Dickinson) were used.
CB1 and CB2 human cannabinoid receptors polyclonal
antibody (affinity pure) were obtained from Cayman
Chemical. All the other reagents were obtained from
Coulter. For flow cytometric analysis 1 x 105-1 x 108
peripheral blood cells (n = 18) or bone marrow (n =
3) were incubated with 10 ul of anty-CB1 or anty-CB2
antybodies for 30 min, in the dark, at 4 °C. Then, 10 ul
of monoclonal antibodies IgG1-FITC and CD19-PE
were added and samples were incubated for 20 min,
in the dark, at 4 °C. Then samples were lysed, fixed
and stabilized using Immuno-Prep (Coulter procedure)
and estimated by flow cytometry (Epics XL, Coulter).
Percentage and mean fluorescence intensity (MFI)
were assessed.

All results are presented as mean + SEM. Distribu-
tion of variables in every study group was evaluated
via the Shapiro-Wilk test and the differences between
study groups (with nonparametric distribution) were
assessed with the use of Wilcoxon’s test.

RESULTS

The results showed that the neoplastic infiltration at
the time of diagnosis was very extensive and amounted
to 81.9 = 1.3%. Both types of cannabinoid receptors
were expressed on the surface of neoplastic cells
infiltrating bone marrow. The expression of CB1 re-
ceptor was significantly lower than that of CB2 (17.0
3.1% and 92.1 + 1.7% respectively, p < 0.001). In all
the cases an existence of cannabinoid receptors was
confirmed by FC, and we observed very high percent-
ages ofboth CB1/CD19 and CB2/CD19 positive cellsin
all patients (82.67 £ 8.6% and 86.66 + 9.6 respectively,
p =0.13). However, MFI for CB1 receptor was statisti-
cally significantly lower than CB2 (2.84 + 0.7% and
6.53 = 2.2 respectively, p = 0.0001). No differences in
CLL phenotype and cannabinoid receptor expression
were observed depending on the source of blood cells
(peripheral blood or bone marrow).

Nine of the patients responded to the applied
treatment with a statistically significant reduction in
leukaemic infiltration (77.2+6.9%t0 30.2+6.5%, p =
0.007) and the reduction of CB1 receptor expression
(24.4 £ 4.8% t0 8.6 £ 2.9%, p = 0.01), but there was
no change in CB2 expression (91.7 £ 2.7% vs 90.9 +
2.8%, p=0.69).

Four patients without remission presented no
changes in cannabinoid receptors expression after
treatment.

In all of the investigated cases the antibodies
against both cannabinoid receptor types gave positive
immunohistochemical reaction. A diversity in inten-
sity of the reaction was observed. At the diagnosis
the intensity of CB1 and CB2 receptors was mainly
weak and strong, respectively. In spite of a decrease
in neoplastic infiltration of the responders the treat-
ment did not affect the pattern of antibody-staining
intensity. The same phenomenon was observed in
non responders.

The immunohistochemical staining of the selected
trephine specimens is presented on the Figures below
(Fig. 1-5). An example of FC cannabinoid receptor
analysis is shown in Fig. 6.

DISCUSSION

Normal cells of the immune system express high lev-
els of CB2 receptors. Those receptors play animportant
role in the B-cells differentiation [3, 17]. However, up to
date, there has been insufficient data concerning the
presence of cannabinoid receptors on the transformed
immune cells in CLL patients. This study confirms the
existence of both types of cannabinoid receptors on the
neoplastic lymphocyte surface in the CLL patients.

Previous studies of Galiegue et al. [5] using RT-PCR
method showed that CB2 receptor is abundant in hu-
man blood cells with the expression level 10—100-fold
higher than that of CB1. Further observation of McKa-
lip etal. [13] indicated the presence of CB2 receptors
in human leukaemia and lymphoma cell lines [5, 13].
However, they did not detect the presence of CB1 re-
ceptors. Other authors also reported a high density of
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Fig. 1. Bone marrow trephine biopsy section. Diffuse infiltration ~ Fig. 2. Bone marrow trephine biopsy section, CLL. Lymphoid
in CLL. Bone trabecula and sinus in centre. Paraffin — embed-  cells with positive staining for CB1 antibody — before treatment.
ded, H & E, x 240 Immunohistochemical staining (CB1, x 480)

Fig. 3. Bone marrow trephine biopsy section, CLL. Lymphoid  Fig. 4.Bone marrow trephine biopsy section. Diffuse infiltration
cells with positive staining for CB1 antibody — after treatment.  in CLL. The majority of cells with characteristic expression of CB2
Strong positive staining of single cells. Immunohistochemical receptors (moderate staining) - before treatment. Immunohisto-
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Fig. 6. An example of flow cytometry. Study presents co-expres-
sion of both cannabinoid receptors with CD19+ on lymphocytes in
peripheral blood of CLL patients. The majority of B-lymphocytes
expressed cannabinoid receptors
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CB2receptors by flow cytometry in the B-lymphocytes
subpopulation [11]. Interestingly, our study proved that
leukaemic cells display a relatively high expression
of CB1 receptors. However, similarly to observations
made by Galiegue et al. [5], this expression was lower
than that of CB2. It is worth mentioning that, accord-
ing to one report by Islam et al [10], neoplastic cells in
mantle cell ymphoma present a very high expression
of CB1 receptors. Our findings indirectly confirm the
very high density of CB2 receptors through the inten-
sity of the immunohistochemical reaction/staining.
In the case of CB1 receptors this intensity was much
lower. In fact, we found in FC analysis equal percentage
of lymphocytes that present CB1 and CB2 receptors
on their surface. However, the MFI that may express
density of the receptor was statistically higher for CB2.
As we know the FC may be more specificin assessment
of particular molecules when their density is low [18].
So, difference between IHC and FC assessment of
cannabinoid CB1 receptor may reflect its relative low
density on the cell surface.

Other peripheral blood mononuclear cells may ex-
press cannabinoid receptors on their surface [3, 17].
To make sure that we analysed lymphocytes the IHC
included CD20(+) and CD3(-) staining on serial sec-
tions and flow cytometry analysis of neoplastic cellsin
peripheral blood (all cases) and bone marrow (3 cases)
were performed.

Up to date there has been no evidence of the influ-
ence of chemotherapy on the cannabinoid receptors
expression in the CLL patients. The reduction of the
leukaemic bone marrow infiltration after purine ana-
logues treatment did not affect the CB2 expression.
In contrast, we noted a significant reduction in the ex-
pression of CB1 receptors after the chemotherapy.

In some of the patients who did not respond to the
treatment, no changes in CB1 receptor expression were
observed. Micro-array analysis of gene expression
profile of CLL patients performed by Haslinger et al.
[8] showed that CB1 receptor is differently expressed
(upregulated) within the group with 11g22-23 deletion.
In our study, we did not perform analysis of cytogenetic
changes that could reveal whether the individuals that
did not respond to the treatment and presented no
changes in CB1 expression belong to the group of pa-
tients with poor prognosis due to the deletion.

There are two splice variants of CB1 receptor
discovered in human tissues. The application of the
polyclonal antibody was not helpful to differentiate
between the variants. The CB 1 antibody recognised
the C terminal amino acid fragment of the cannabinoid
CB1 human receptor. The production of Cb2 antibodies
has been based on a sequence between the N-terminus
and the first transmembrane domain of the receptor
[9]. The existence of distinct conserved sequence of
amino acids between CB1 and CB2 receptors in these
regions excludes the possibility of cross-reactions of the
antibodies. The applied indirectimmunohistochemical
technique did not allow for performing simultaneous
assessment of both cannabinoid receptors.

In conclusion, our study provides original evidence
for the existence of cannabinoid receptors on lympho-
cytes B in CLL patients. CB2 receptor expressed in
great number on the neoplastic cells may be conside-
red a new particular surface structure modifying the
course of the disease. The presence of CB2 receptor
on the neoplastic lymphocytes after chemotherapy
may be considered as a new target in the treatment of
residual disease. Elucidating and understanding the
role of endocnnabinoid system in leukaemia genesis
could give us an additional possibility in fighting against
chronic lymphocytic leukaemia.
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IKCNPECCUA PELLENTOPOB KAHHABUHOUA OB
B TPENMAHOBUONTATAX KOCTHOIO MO3rA BOJIbHbIX
XPOHUYECKUM JIUM®DOJIENKO3OM NOCIJIE JIEYEHUYA
NMYPUHOBbIMU AHAJIOTAMU

Obocnosanue: penentopsl KanHaouHon0B CB1 1 CB2 ABIsIOTCSA YACTHIO CHCTEMBI SHI0KAHHAOHHOMIOB, KOTOPAS HTPAET BAXKHYIO
POJIb B mponeccax npoJmdepamu 1 anonTo3a Pa3indHbIX HEOIIACTHIECKUX KiieTOK. OmHIM U3 3200/1eBaHMil, TIPH KOTOPbIX MPO-
HCXOIUT HAPYLIEHUE ITHX NMPOLECCOB, ABJIseTCH B-KieTounblii xponnyeckuii uMieiiko3. I]eas: OleHKa IKCPECCHH PEeNnTOPOB
KaHHaOuHOu10B HA B-mmdonuTax B TpenaHodnonTaTax y 60JIbHbIX JICHKO30M /10 ¥ OCJIe MPOBEIEHNUS JIedeHHSI C UCTIOIb30BAHHEM
MYPHHOBBIX AHAJIOTOB. Menods:: GMONTATHI MOIYINIH PYTHUHHBIMA METOIAMH; MMMYHOTHCTOXAMIYECKOE MCCIIeI0BAHNE Aenapa-
(uHM3HPOBAHHBIX CPE30B MPOBOIIIN MO CTAHAAPTHOI Mpouexype. Pementopsl KAHHAGMHOUIOB ONPEAEISUIN C HCIOJIb30BAHHEM
crenuguyecKuX MOHOK/IOHAIbHBIX aHTHTeN aHTH-CB1 1 anTn-CB2. Kpome Toro, Hamrune penentopos noaTBEPKIEHO MPH MO-
MOIIH MPOTOYHOU UTO(IyoprMeTpun. Pe3yssmamoi: noka3aHo, 4to akcnpeccus penentopa CB1 Ha moBepXHOCTH OIMYXO0JIEBBIX
KJIETOK HuKe, yem akcnpeccus CB2 (17,0 £ 3,1% un 92,1 £ 1,7% coorsercreenno, p < 0,001). ITocjie npoBeaeHHOrO JJe4eH s
Y 9 nanueHToB 0TMEYAIOCHh YMeHbIIeHHe Jieiiko3Horo nndmasTpara (77,2 * 6,9% no 30,2 * 6,5%, p = 0,007) u cHuKeHune 3KC-
npeccun penenropa CB1 (24,4 + 4,8% no 8,6 £ 2,9%, p = 0,01), oquako pasamunii B 3xcnpeccun CB2 e ormewaim (91,7 +
2,7% uporus 90,9 £ 2,8%, p = 0,69). Y 4 nauueHToB, y KOTOPBIX HE YAAI0CH JOCTHYDL PEMUCCHH, OIPEIEISIN JAXKE NOBBIILIEHHE
JKCHPecCcHu perenTopos. Bo Beex ciryyasix MAPKUPOBKA AHTHTEIAMHU K 000UM THIIAM PeeNnTOPOB KAHHAOMHOMIOB 0TMEYAJIH T10JI0-
JKATEJIbHYI0 peaknmio. boJiee Toro, mpucyTcTBiE penenTopoB KAHHAOMHOMIOB HA 3I0KAYeCTBEHHBIX KJIETKAX MOATBEPKIAIH NPH
MOMOIIM MPOTOYHOI IUTOMETPUH. Bb1600b!: B X0/1€ HCCIIeIOBAHNS MOKA3aHO N3HAYAIBHOE HAIMYME PEHeNTOPOB KAHHAOWHOUIOB
Ha B-1mMdonuTax y 60bHBIX XPOHNYECKUM JIMM(DOJICIHKO30M. YKa3aHHbIE PEIeNTOPbI MOTYT ObITh HOBOIl CTPYKTYPOIi, KOTOpas
MoXKeT ObITh MOMM(HUIMPOBAHA B TedeHne 00JIe3HH, M MOTYT CYMTATHCS HOBOI MUILIEHBIO TIPH JIeYeHUH (OJIbHBIX JIEHKO30M.
Karoueevie cro6a: xponnueckuii 1M osieiiko3, cucreMa HI0KAHHAOMOWIOB, yPHHOBBIE AHAJIOTH, PEEeNnTOPbl KAHHAOHOU/IOB,
TpenaHoononcus.
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