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Introduction

Chromosomal translocation between 9 and 22 chromosomes leads to the fusion of bcr and ab/
genes. Because of different breakpoints in bcr gene three forms of chimeric BCR-ABL proteins
exist — p230, p210, and p190. BCR-ABLP! Jacks Pleckstrin homology (PH) domain of BCR
and is associated with acute lymphoblastic leukaemia. In contrast, BCR-ABLr?10 has PH
domain and occurs during chronic myeloblastic leukaemia. BCR-ABL can bind to centrosomes,
which function as a regulating center of cell division and spindle formation during mitosis.
Cortactin, the main function of which is actin branching, was previously identified by mass-
spectrometry as one of the potential partners interacting with the PH domain of BCR. Aim. To
determine whether BCR and cortactin colocalize with centrosomes and to study a possible role
of PH domain in such colocalization. Methods. Mammalian cell culturing, immunofluorescence
analysis, fluorescence microscopy of live cells. Results. In the present work we show that both
full-length BCR protein and PH domain colocalize with centrosome together with cortactin in
live HEK293T cells. We also demonstrate that BCR colocalizes with y-tubulin and the points
of actin branching in fixed K562 cells. Using anti-ABL and anti-BCR antibodies we also show
that colocalization with the actin branching center is typical for BCR-ABL and BCR, but not
for ABL alone. Conclusions. PH domain of BCR is required for colocalization of BCR or
BCR-ABL with centrosome. Together with cortactin, BCR-ABL can affect centrosome func-
tion through deregulation of actin branching or abnormal phosphorylation, which can be a
matter of further research.

Keywords: BCR-ABL, centrosome, cortactin, CML.

The chromosomal translocation between 9 and  Philadelphia chromosome [1] and promotes
22 chromosomes leads to generation of the development of different types of myelo-
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proliferative disorders. The phenotype of my-
eloproliferative disorder is usually determined
by the type of chimeric protein generated as a
result of translocation and fusion of bcr and
abl genes. Acute lymphoblastic leukaemia is
associated with BCR-ABLP!%0 protein, chron-
ic myelogenous leukaemia — with BCR-
ABLP?10 protein, chronic neutrophilic leukae-
mia — with BCR-ABLP?30 protein. These three
proteins differ only in the presence or absence
of certain domains of BCR, whereas ABL part
remains constant in all three types. We previ-
ously identified that PH domain of BCR po-
tentially interacts with 23 proteins of K562 cell
line, which was originally derived from CML
patient [2]. We focused on the cortactin as a
promising candidate for interaction with PH
domain because cortactin is frequently in-
volved in cancer progression. Primarily its role
in cancer progression is caused by abnormali-
ties in actin regulation leading to increased
invasiveness and altered adhesion [3]. This,
however, is more common for solid tumors
with different subpopulations of cancer cells
[4-8]. The role of CTTN in progression of
blood cancer, which is a result of clonal expan-
sion of the most proliferatively active cells, 1s
still poorly understood. In one of our previous
work we discovered that CTTN and PH do-
main of BCR are colocalized near the cell
nucleus [9]. However, we could not identify
the structure they were attached to. It is known
that centrosome is a microtubule-organizing
center that is located near the cell nucleus and
regulate the important processes such as the
formation of mitotic spindle during cell divi-
sion [10]. Moreover, it is known that centro-
somes are actin-organizing unit as well [11].
The previous studies showed that leukemic
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cells disrupted the centrosome function and
that the BCR-ABL protein was among the
centrosome-associated proteins as it was dem-
onstrated by co-immunoprecipitation [12].
Another study indicates that [the] phosphory-
lated form of CTTN is associated with centro-
some [13]. In this study we aim to determine
whether the full-length BCR and PH domain
of BCR colocalize with centrosomes as well
as whether CTTN is involved in this process.

Materials and Methods

Plasmid vectors and genetic constructs.
Vector EGFP-PH was created previously in
our lab [2]. CTTN sequence was amplified
using pOTB7-CTTN vector with CTTN-F
(5’ ATGTGGAAAGCTTCAGCAGG) and
CTTN-R (5’AGCTCCACATAGTTGGCTGG)
primers and cloned into pBluescriptSKII(+)
vector on EcoRYV site. Further, CDS of cortac-
tin nucleotide sequence was subcloned into
pmTagRFP-N1 (Michael Davidson, Florida
State University) on BamHI and Sall sites.
Plasmids were isolated from the transformed
overnight culture of E.coli NEB Turbo cells
grown on selective antibiotic by the alkaline
lysis method [14]. To obtain transfection-grade
plasmid DNA, purification was done by CaCl2
precipitation followed by NaCl/PEG6000 pre-
cipitation [15].

Cultivation of HEK293T and K562 cells.
HEK293T and K562 cells were obtained from
cell line bank of EMBL, Heidelberg. HEK293T
cells were grown in DMEM media with
L-glutamine containing 10 % fetal bovine se-
rum, 100 pg/ml streptomycin, 10000 U peni-
cillin at +37 °C, 5 % CO, and 95 % relative
humidity. K562 cells were grown in RPMI-
1640 media with L-glutamine containing 10 %
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fetal bovine serum, 100 pg/ml streptomycin,
10000 U penicillin at +37 °C, 5 % CO, and
95 % relative humidity. The cell lines were
tested negative for mycoplasma before per-
forming experiments.

Antibodies and dyes. Rabbit primary poly-
clonal anti-BCR antibody (Abclonal, AA0068),
mouse primary monoclonal anti-y-tubulin an-
tibody (Thermo Fisher Scientific, MA1—
19421), mouse primary anti-ABL antibody
(Calbiochem, OP20), anti-mouse Alexa-555
conjugated secondary antibodies (Abclonal,
AS057), anti-rabbit secondary Alexa-647 con-
jugated secondary antibodies (Abclonal,
AS060), FITC-phalloidin (Sigma-Aldrich,
P5282), DAPI (Sigma-Aldrich, D9542), SiR-
tubulin (Spirochrome, SC002).

Fixation and Staining. Before fixation,
growth media was carefully aspirated from
cells. After that the cells were fixed in 4 %
paraformaldehyde (Sigma-Aldrich, 158127) in
PBS for 15 min at room temperature. Following
fixation, the cells were washed thrice with PBS
and permeabilized in 0.1 % Triton X-100
(Serva) in PBS for 10 minutes at room tem-
perature. Next, cells were washed thrice with
PBS, and blocked in 1 % Bovine Serum
Albumine (Sigma-Aldrich, 05470) in PBS for
1 hour at room temperature. Blocking solution
was discarded and corresponding solution of
primary antibodies was added to the cells and
incubated overnight at +4 °C. Following incu-
bation, cells were washed thrice with PBS and
corresponding solution of secondary antibod-
ies was added and incubated for 1 hour at room
temperature. After incubation with secondary
antibodies the cells were washed thrice with
PBS and mounted on microslides with Mowiol
4-88 (Sigma-Aldrich, 81381) hardening me-

dium [16] containing 2.5 % DABCO (Sigma-
Aldrich, D27802) as antifade reagent. Cells
were ready for imaging 24 hours after mount-
ing. For fixation and staining of K562 cells,
the modified protocol was used that involves
centrifugation for discarding the supernatant.

Fluorescence Microscopy. For fixed and
live cell imaging we have used Carl Zeiss LSM
510 Meta confocal microscope with 100x oil
objective and 1.4 numerical aperture. For ex-
citation of ECFP we used 405 nm laser line,
for excitation of EGFP 488 nm laser line was
used, for excitation of mTagRFP and SiR-
tubulin/Alexa-647-532 nm and 633 nm laser
lines, respectively. The line-by-line sequential
acquisition mode was used for live imaging.
The laser intensity and detection channels were
adjusted to avoid cross-excitation and spectral
bleedthrough. Effective pixel and voxel sizes
were calculated according to Nyquist criteria
[17, 18]. Live cell imaging was done at +37 °C
and 5 % CO2 in custom designed CNC ma-
chined anodized aluminum slides with pads
designed to fit 18*18 mm glass coverslips.
Briefly, slides are of size of standard glass
microslides and contain rectangular hole with
pads. Pads are covered with coverslips, the
growth medium is placed between two slides.
Coverslips were sealed using food-grade sili-
con grease.

Image processing and analysis. Image
analysis and processing were done in Fiji soft-
ware [19]. Colocalization analysis was per-
formed in JaCOP plugin [20] using Manders
coefficients [21]. Before analysis, the Gaussian
deblur filter with radius of 1 pixel was applied
to the image. Background was measured by
line profiler and subtracted from the images if
necessary. The images were then deconvolved
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with Deconvolution Lab 2 plugin [22] using
Richardson-Lucy Total Variation algorithm
[23] with theoretical PSF generated by PSF
Generator plugin [24]. The number of itera-
tions for deconvolution ranged from 5 to 20
and was chosen empirically for the best struc-
ture preservation and absence of artifacts.
Generation of final montage of image sets was
done using Fiji EzFig plugin [25].

Results and Discussion

Disruption of centrosome function often leads
to the development of different types of cancer
[26]. These abnormalities may be caused by
alteration in mitotic spindle formation and
consequent deregulation of cell cycle and divi-
sion [27]. Centrosome abberations are the well
known feature of BCR-ABL-positive chronic
myelogenous leukaemia [28]. It is still unde-
termined, whether it was a direct action of
chimeric protein or cascade of regulatory
events indirectly initiated by it. Moreover,
centrosome also plays a role as actin organiz-
ing center, which promotes actin nucleation
by WASH and Arp2/3 [11]. Cortactin in its
phosphorylated form is able to bind to centro-
some [13]. The cortactin-mediated actin
branching typically involves Arp2/3 complex
and dynamin [29-32]. Dynamin binds to mem-
brane by its PH domain and provides coordi-
nated cytoskeleton-membrane rearrangements
[33]. We suggest that PH domain of BCR may
have the similar function because it possesses
strong affinity to phoshotidyl-inositol-phos-
phates [2]. In centrosomes cortactin mediates
actin scaffold for separation of centrosomes
during mitosis [13]. Because it is one of the
potential interaction partner of PH domain of
BCR it is interesting to determine whether this
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protein is able to colocalize with centrosome
together with BCR-ABL. Here we show that
indeed cortactin colocalizes with centrosomes
both with PH domain of BCR and with full-
length BCR in live HEK293T cells. To calcu-
late the percentage of cooccurrence between
two proteins we have taken Manders coeffi-
cient equal to 1 as 100 % colocalization. In
HEK?293T live cells 40.5 % of tubulin over-
lapped CTTN and 32.6 % of CTTN overlapped
tubulin for colocalization analysis between
SiR-Tubulin and mTagRFP-N1-CTTN, 63.7 %
of tubulin overlapped BCR and 27.6 % of
BCR overlapped tubulin for colocalization
analysis between SiR-Tubulin and ECFP-
BCR, 87.8 % of CTTN overlapped BCR and
62 % of BCR overlapped CTTN for mTagRFP-
NI-CTTN and ECFP-BCR (Fig. 1, n=3).
Colocalization analysis of EGFP-PH and
mTagRFP-N1-CTTN showed that 34.2 % of
PH domain of BCR was also found to colocal-
ize with cortactin and 62.6 % of cortactin
overlapped PH domain, it was also found that
cortactin and PH domain overlapped centro-
somes resulting in 12.9 % of PH domain over-
lapping tubulin and 54.1 % of cortactin over-
lapping tubulin, tubulin overlapped PH domain
and cortactin in fraction of 35.4 % and 60.1 %
respectively (Fig. 2, n=3). SiR-tubulin is a
stain for live cell imaging of tubulin that can
detect both filamentous tubulin and centro-
somal region. Filamentous tubulin consists of
a- and B-tubulin subunits [34] whereas centro-
some consists mainly of y-tubulin [35, 36]. We
have used anti-y-tubulin antibodies to check
whether BCR is able to colocalize with cen-
trosomes in fixed K562 cells. We detected that
65.6 % of BCR overlapped y-tubulin and 49.6
% of y-tubulin overlapped BCR. We also found
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ECFP-BCR mTagRFP-CTTN SiR-tubulin

mTagRFP-CTTN

Fig. 1. Live cell imaging of HEK293T cells transfected with pECFP-BCR, ECFP, pmTagRFP-N1-CTTN vectors and
stained with SiR-Tubulin.
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SiRSFlibulin 2GFP-P Merje' 4.68 pm

Sik-tubulin

TugRFP-CTTN EGFP-PH

1. l‘plm

Fig. 2. Live cell confocal image of two projections of HEK293T cells transfected with EGFP-PH, pmTagRFP-N1-
CTTN and stained with SiR-Tubulin. Scale bar on enlarged regions of interest indicates 500 nm.
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that 83.2 % of BCR and 73.8 % of y-tubulin
overlapped actin, 36.6 % of actin overlapped
BCR and 38 % of actin overlapped y-tubulin
(Fig. 3, n=3). Colocalization between BCR
and y-tubulin occurred in the points of actin
branching. Such colocalization indicates a
potential role of BCR-ABL in actin branching
center. We may suggest that overlapping of
BCR-ABL with cortactin in the centrosomal
region may initiate actin branching not syn-
chronized with the cell division cycle. It is also
possible that other centrosomal proteins may
be affected by the constant tyrosine-kinase
activity of BCR-ABL. We also detected that
the fusion protein BCR/ABL appears at the
points of actin branching by staining fixed
K562 cells with anti-BCR and anti-ABL anti-
bodies and FITC-phalloidin. We have found
that 75.6 % of BCR overlapped ABL and
67.7 % of ABL overlapped BCR, 87.6 % of

y-tubulin

5 um
—

Table 1. Overlap analysis between different pairs
of proteins using Manders coefficents.

Protein pair Manders M1 | Manders M2
EGFP-PH/SiR-tubulin 0.129 0.354
EGFP-PH/mTagRFP-CTTN 0.342 0.626
mTagRFP-CTTN/SiR- 0.541 0.601
tubulin (Fig. 2)

ECFP-BCR/mTagRFP-CTTN 0.62 0.878
ECFP-BCR/SiR-tubulin 0.276 0.637
mTagRFP-CTTN/SiR- 0.326 0.405
tubulin (Fig. 1)

anti-BCR/anti-y-tubulin 0.656 0.496
anti-BCR/actin (FITC- 0.832 0.366
phalloidin)

Actin (FITC-phalloidin)/anti- 0.38 0.738
y-tubulin

anti-BCR/anti-ABL 0.759 0.677
anti-BCR/actin (FITC- 0.876 0.245
phalloidin)

anti-ABL/actin (FITC- 0.893 0.307
phalloidin)

ECFP/mTagRFP-CTTN 0.008 0.292
ECFP/SiR-tubulin 0.115 0.162

Fig. 3. Confocal image of fixed K562 cells stained with anti-BCR, anti-y-tubulin, phalloidin-FITC and DAPI. Nega-
tive controls depict secondary antibodies without corresponding target primary antibodies.
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BCR and 89.3 % of ABL overlapped with n=5). Overlap analysis between different pro-
actin, 24.5 % actin overlapped with BCR and teins and empty ECFP as the control sample
30.7 % of actin overlapped with ABL (Fig. 4, (Fig. 1, n=3) is summarized in Table 1.

Anti-BCR Anti-ABL

DAPI

5 pm

0 um

0.5 pm

I um

Fig. 4. Confocal image of fixed K562 cells stained with FITC-phalloidin, anti-BCR and anti-ABL antibodies, and DAPI.

10




PH domain of BCR provides colocalization of full-length BCR with centrosome together with cortactin

Interestingly, ABL protein alone does not
colocalize with centrosome without BCR, as
we may see using anti-ABL and anti-BCR
antibodies, despite the fact that it has actin-
binding domain. Our results show that cortac-
tin and BCR-ABL may be involved in centro-
somal abberations possibly by affecting its
actin-organizing function. Further study should
include creating deletion mutants of BCR that
lack PH domain and determining whether this
will affect colocalization with centrosome and
cortactin. The results may identify cortactin as
one of the potential therapeutic targets for
treatment of CML.
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Jomen PH 6inka BCR 3a0e3neuye kosokasizainiro
noBHopo3MipHoro BCR 3 neHTpocomMoio pa3zom

3 KOPTAKTHHOM /J151 3a0e31eYeHHs
aKTHHOOPIraHi3yw4oi pyHKuii.

. C. I'yp’staos, C. B. Antonenko, I'. /[. Tenerees

XpoMocoMHa TpaHCIOKAIlisT Mk 9 1 22 XxpoMocoMaMu
MIPU3BOIUTH JI0 3ITUTTS TeHiB bcr Ta abl. Uepes pizHi TOU-
KM PO3pUBY r'eHa bcr iCHYIOTh TpH (OPMH XUMEPHUX
6inkiB BCR-ABL - p230, p210 ta p190. BCR-ABLP!%0 xe
Mae gomeny romororii ITnexcrpuny (PH) BCR 1 acoriro-
€TBCS 3 TOCTPUM JTiM(POOTACTHUM JISHKO30M. 3 THIIIOTO
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6oky, BCR-ABLP210 mae momen PH 1 BuHMKae mijg yac
XpOoHIYHOTO MienobmacTHoro Jeiko3ly. BCR-ABL moxe
3B’SI3yBaTHCS 3 IIEHTPOCOMaMH, sIKi (PyHKITIOHYIOTh SIK
pEeTYIIOIOYNH TIEHTP MONLTY KIITHHU Ta (popMyBaHHS
BepeTeHa MoAUTy i Yac MiTo3y. KoprakTiH, 0CHOBHOIO
(PYHKIIIEIO SIKOTO € PO3TalTy)KEHHS! aKTHHY, paHime OyB
BU3HA4YEHMH 3a JIOTIOMOTOI0 Mac-CIIEKTPOMETPii OJJHUM 13
MMOTEHIIHHUX TapTHepiB B3aemonii nomeny PH BCR.
Merta. Buznaunt, un konokani3ytorsest BCR ta koprak-
THH 3 IIEHTPOCOMaMH Ta MOXJIMBa poib nomeny PH y
TaKkiit xonokamizamii. Metoau. KyTbTHBYBaHHS KITITHH
CCaBIIiB, IMyHO(MITYOPECIICHTHUI aHai3, (IIyOpeCICHTHA
MIKPOCKOITiS )KHMBUX KIITHH. Pe3yiabrarn. Y 1iii po6oTi
MH TIOKa3y€eMOo, 10 SIK ToBHOpo3MipHHUi 6iok BCR, Tak
i jomeH PH MOXyTh KOJOKaTi3yBaTUCS 3 IICHTPOCOMOIO
pa3oM 3 KopTakTHHOM Y xkuBuX KiritnHax HEK293T. Mu
TakoX mmokasaiy, mo BCR komokaizyerses 3 Y-TyOysaiHOM
Ta TOYKAMH PO3Tally’)KeHHS aKTHHY Y (DIKCOBaHHMX KIIITHHAX
K562. Buxopucrosyroun antu-ABL Ta antu-BCR anTtn-
TiJa, MH TaKOX ITOKAa3yeMO, 110 KOJIOKATi3allis 3 IEHTPOM
posranyxeHHs aktuny € TunoBoro 1yt BCR-ABL ta BCR,
arne "e 1 BuKirouHo ABL. BucnoBku. lomen PH BCR
HeoOximuuii mia xornokamzsamii BCR a6o BCR-ABL 3
neHTrpocomoro. Pasom 3 xopraktuaom BCR-ABL moxe
BIDIMBATH Ha (PYHKILIO IEHTPOCOMH Yepe3 NeperyisIiro
posraigykeHHs akTHHY a00 aHoMaltbHe (HochOpIITIOBaHHS,
10 MOXKE OyTH MPEAMETOM TOJAITBIINX JIOCIIHKEHb.

KawuoBi caosa: BCR-ABL, nearpocoma, KopTax-
THH, XMJL.

Jdomen PH BCR o06ecniequBaeT KOJI0KAJIN3AIUIO
noJiHopa3mepHoro BCR ¢ nearpocomoii BMecTe
¢ KOPTAKTHHOM /IJIf1 o0ecnedyeHUus1 (PyHKIMU
OpraHu3aluy AaKTHHA

. C. I'ypesinos, C. B. Antonesko, I'. /I. Tenerees

XpoMocoMHast TpaHCIOKanusa Mexty 9 u 22 xpoMocoma-
MU TIPUBOANT K CIUSHHIO T€HOB bcr v abl. VI3-3a pa3HBIX

TOYEK pa3pbiBa B I'eHe ber cymecTByroT Tpu (GopMbl XU-
mepHbIx 0enmkoB BCR-ABL - p230, p210 u p190. BCR-
ABLP!?0 ge umeer momeHa romonorud miekctpraa (PH)
BCR u cBsi3aH ¢ ocTpbIM JTMM(OOIACTHBIM JICHKO30M.
Hamporus, BCR-ABLP210 pmeer momen PH 1 Bo3HMKaeT
IIPY XpPOHUYECKOM MHeJo01acTHoM Jelikoze. BCR-ABL
MOXKET CBSI3bIBATHCS C IGHTPOCOMAaMH, KOTOPBIE AEHCTBY-
0T KaK PEryIupYOLIMHA HEHTP KJIETOYHOIO NEIEHUS U
o0pa3oBaHHs BepeTeHa JEJICHHS BO BpeMsl MHUTO3a.
KoprakTiH, OCHOBHOM (PYHKITHEH KOTOPOTO SIBIIICTCS
pa3BeTBIICHUE aKTHHA, paHee ObUI UASHTU(PHUITNPOBAH
Macc-CIIeKTPOMETpUEH KaK OAVH U3 IOTEHINAJIBHBIX Iap-
THepoB B3aumozeicTeus ¢ PH nomenom BCR. Lleas.
Ompenenuts, Konokamzyrores mu BCR u koprakTtud ¢
LIEGHTPOCOMaMH, U BO3MOXKHYIO poJib omeHa PH B Takoit
Konokayi3anuy. Metoabl. KylbTHBHUpOBaHME KIIETOK
MIICKOTIMTAIOIINX, IMMYHO(ITyOpECLICHTHBIN aHaIN3, (ITy-
OpECIIEHTHAast MUKPOCKOIHS JKUBBIX KJIETOK. Pe3ynbTarsl.
B Hacrosimei pabote MbI ITOKa3bIBa€M, YTO KakK IIOJIHO-
pasmepHslit 0emok BCR, tak n nomen PH moryT xomoka-
JIU3UPOBATHECS C LIEHTPOCOMOM BMeCTe ¢ KOPTaKTMHOM B
skuBbIX Kietkax HEK293T. Mbl Takke npoieMOHCTpH-
posaim, uto BCR komokanusyercs ¢ y-TyOyIHMHOM U TOY-
KaMH BETBJICHMS aKTHHA B (PUKCHPOBAaHHBIX KileTKax K562.
Ucnone3ys anturena nporus ABL u nporus BCR, Mbl
TaKKe MOKa3bIBAEM, YTO COBMECTHAsI JIOKAIN3ALKsI C [ICH-
TpoM BeTBIeHUs akTuHa TunuHa st BCR-ABL u BCR,
Ho He ay11 omHoro vk ABL. BeiBoabl. Jlomen PH BCR
HeoOxomnM s konokammsarm BCR mim BCR-ABL ¢
neHTrpocoMoit. Bvecre ¢ kopraktuaom BCR-ABL moxet
BIHMATH Ha (PYHKIMIO LIEHTPOCOM 3a CUET HapyIICHHS
PEryJISIiy BETBIICHHSI aKTHHA WJIH aHOMaJIBHOTO (hocdo-
PHIIMPOBAHUSI, YTO MOXKET OBITH IPEAMETOM NaJbHEHIITNX
HUCCIIEIOBAHUN.

KawueBbie caosa: BCR-ABL, uentpocoma, Kop-
TakThH, XMJL.
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