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Previously Latent membrane protein 24 (LMP2A) of Epstein-Barr virus was found to be ubiquitylated by CBL
ubiquitin ligase but no direct interaction of LMP2A with CBL was reported. We aimed to explore this in-
teraction and study a possibility of adaptor protein involvement. Taking into consideration that both LMP2A and
CBL were shown to interact with endocytic adaptor protein intersectin 1 (ITSN1), we assumed that the latter
could serve as a scaffold for LMP2A/CBL complex. Methods. We used an immunofluorescence and coimmuno-
precipitation approaches to test a mutual complex formation of ITSNI1, CBL and LMP2A proteins. Results.
LMP24 coimmunoprecipitated with CBL while LMP2A did not interact with CBL G306E mutant harboring in-
active phosphotyrosine-binding domain. We observed a triple colocalization of ITSN1, CBL and LMP2A signals
in MCF-7 cells as well as coprecipitation of all mentioned proteins. Overexpression of ITSN1 did not affect the
efficiency of complex formation of LMP2A with CBL. Moreover, LMP2A4 mutant unable to interact with ITSN1
was readily precipitated with CBL. Conclusions. LMP2A can be engaged in the complex together with endocytic
adaptor ITSN1 and ubiquitin ligase CBL. We show that PTB domain of CBL is responsible for interaction with

LMP2A. ITSN1 is not required for LMP2A recruiting to CBL.
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Introduction. Latent membrane protein 2A is an Eps-
tein-Barr virus encoded transmembrane protein that is
implicated in the regulation of viral latency and patho-
genesis [1, 2]. LMP2A recruits a set of cellular proteins
such as tyrosine protein kinases Lyn and Syk to activa-
te Akt- and Ras-dependent signaling pathways in epi-
thelial and B cells [3—5]. LMP2A resembles BCR (B
cell receptor) by the presence of ITAM (Immunorecep-
tor tyrosine-based activation motif) in the N-terminal
cytosolic domain [6, 7]. In contrast to BCR, LMP2A
contains adjacent to ITAM several PY motifs which re-
cruit Nedd4 family ubiquitin—protein ligases (E3s) re-
sulting in the downregulation of LMP2A activity by
ubiquitylation of LMP2A and LMP2A-associated kina-
ses [8, 9].
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Recently it has been shown that E3 ubiquitin ligase
CBL ubiquitylates LMP2A and associated with LMP2A
kinases, but no direct interaction between CBL and
LMP2A has been reported so far [10]. Since both CBL
and LMP2A are known to bind endocytic adaptor pro-
tein intersectin 1 (ITSN1) [11-13], we asked whether
ITSN1 could mediate the interaction between these two
proteins. ITSN1 is a multidomain adaptor protein im-
plicated in endocytosis, regulation of signaling net-
works and actin cytoskeleton rearrangements [14, 15].
Due to the presence of numerous modules of protein-
protein interaction ITSN1 functions as a platform to as-
semble multi-component complexes [16, 17].

Materials and methods. Anfibodies. Monoclonal
antibody to the FLAG epitope (clone M2) was from
«Sigma» (USA); monoclonal a.-Omni (D-8) antibody
was from «Santa Cruz Biotechnology» (USA); a mono-
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Fig. 1. PTB domain of CBL mediates the interaction with LMP2A.
HEK293 cells were cotransfected with LMP2A and CBL wild-type or
its mutant G306E. Posttransfection cells were harvested 24 h after

transfection and cell lysates were used for CBL precipitation with o.-
Omni antibodies. WCLs — whole cell lysates

clonal a-HA (MMS-101P) was from Covance. Mouse
a-Intersectin/ESE-1 monoclonal antibody (611574)
was from «BD Transduction Laboratories» (USA). For
immunofluorescence goat a-rabbit Alexa 405 («Invit-
rogen», USA) and horse a-mouse FITC-conjugated
(«Vector Laboratories», USA) antibodies were used.

Cell culture and transfection. HEK293 and MCF-7
cells were maintained in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10 % fetal calf
serum, 50 U/ml penicillin and 100 pg/ml streptomycin.
Transfections were carried out as described previously
[18]. HEK293 cells stably transfected with wild type
LMP2A or empty vector were generated using lineari-
zed pcDNA4/HisMax-LMP2A or pcDNA4/HisMax
vector, respectively.

Transfected cells were selected on 160 pg/ml zeo-
cin («Invitrogen») for 7 days.

Plasmids. Omni-ITSN1 was described previously
[19], FLAG-LMP2A was a generous gift of Dr. G. Win-
berg (Karolinska Institute, Sweden), Omni-LMP2A and
Omni-LMP2A YF + P5 mutant were described pre-
viously [13], mCherry-ITSN1 was described in [20].
Omni-HA-CBL wild-type and Omni-HA-tagged G306E
mutant were obtained by cloning a full-length wild-ty-
pe CBL or respective mutant carrying on their 5'end se-

132

quence of HA-tag, provided by Dr. H. Band (Univer-
sity of Nebraska, USA) in pcDNA4/HisMax C vector
(«Invitrogen»).

Immunoprecipitation and Western blot analysis we-
re carried out as described previously [13].

Immunofluorescence and confocal microscopy.
MCF-7 cells were plated on coverslips and transfected
with plasmids encoding FLAG-LMP2A, Omni-HA-
CBL and mCherry-ITSN1 using the JetPEI reagent. 24 h
posttransfection cells were washed with ice-cold PBS,
fixed in 4 % formaldehyde for 15 min, then washed 3
times with 1 x PBS and 0.2 % Triton X-100 for 5 min
and blocked in 2 % BSA for 30 min at room tempe-
rature. The cells were incubated with the mixture of .-
Omni (rabbit) and a-FLAG (mouse) primary antibody
(dilution 1:100) for 1 h at room temperature. Staining
with a-FLAG pAb was detected with FITC-conjugated
a-mouse immunoglobulin (dilution 1:400), and o.-Omni
was detected with Alexa Fluor 405 conjugated o-rabbit
Ig (dilution 1:400).

The slides were mounted using PVA-DABCO («Flu-
kay», Switzerland), confocal images were taken with a
Zeiss LSM510 microscope and analyzed using the
LSM510 image browser software. Image of colocali-
zed pixels were obtained using ImagelJ 1.39p software,
Colocalization plugin.

Results and discussion. CBL is a RING FINGER
E3 ubiquitin ligase that is required for targeting subst-
rates to the proteasomal degradation [21]. This protein
contains the N-terminal phosphotyrosine binding do-
main (PTB) that enables its interaction with numerous
tyrosine-phosphorylated substrates, catalytic RING
FINGER domain, which is responsible for the ubiqui-
tin ligase activity, multiple proline-rich motifs and C-
terminal ubiquitin-associated (UBA) domain [22, 23].
The domain structure of CBL implies its association
with LMP2A via PTB domain or involvement of addi-
tional adaptor protein.

The PTB domain of CBL is known to bind directly
phosphotyrosines of receptors such as EGFR [22], so
we assumed that this domain could mediate CBL inter-
action with LMP2A as well. We observed a coimmuno-
precipitation of LMP2A with a wild type CBL in cont-
rast to its G306E mutant which has PTB domain unable
to interact with phosphotyrosines (Fig. 1). These fin-
dings suggest a role of PTB domain of CBL as a bin-
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Fig. 2. Histological analysis
of the B-catenin haploin-
sufficient mice. Longitudial
heart sections from [-cate-
nin flox/ WT/Cre" (CKO)
and B-catenin  flox/flox/
Cre (WT) or B-catenin flox/
WT/Cre (WT) were stained
using Masson’s trichrome
method. Analyzed mice at 1
(4,D),3(B,E)and 6 (C, F)
months of age; WT (4-C),
CKO (D-F); x4

Fig. 2. ITSN1, CBL and
LMP2A are colocalized in
MCE-7 cells. Cells plated
on coverslips were co-trans-
fected with  mCherry-
ITSN1, FLAG-LMP2A and
Omni-HA-CBL. 24 h post-
transfection cells were fix-
ed and processed as des-
cribed in Material and me-
thods. White arrows high-
light examples of triple co-
localization, green ones in-
dicate spots of CBL and
LMP2A overlapping that
are ITSN1 negative. Lower
panel represents colocali-
zation of indicated proteins
that was obtained from con-
focal images using Imagel
software. White scale bar
represents 5 pm
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Fig. 3. ITSN1 is not required as a scaffold for LMP2A/CBL complex formation: 4 — HEK293 cells stably expressing LMP2A were cotransfected
with CBL and ITSN1 or empty vector (24 h posttransfection cells were harvested and cell lysates were further applied for immunoprecipitation

with ai-HA antibody; precipitated proteins were eluted with standard Laemmli buffer and analyzed by Western blot analysis with indicated antibo-
dies); B — diagram represents an amount of LMP2A coprecipitated with CBL normalized to CBL intensity (average means + SD of three indepen-
dent experiments are shown) C. HEK293 cells were cotransfected as indicated at the table on the top of the picture. Proteins were inmunopre-
cipitated with o-HA antibody and analyzed by Western blot with respective antibodies

ding site for LMP2A tyrosine-phosphorylated motifs.
However, LMP2A YF + P5 mutant harboring mutations
in the ITAM motif was readily coprecipitated with
CBL. This data suggest that the interaction of CBL and
LMP2A does not depend on phosphotyrosines of ITAM
and could be mediated by other tyrosine-phosphoryla-
ted sites.

As mentioned above we can not exclude the invol-
vement of some adaptor protein which could mediate
the interaction between CBL and LMP2A. We sugges-
ted that ITSN1 could serve as such adaptor, since it was
found to bind CBL [11, 12] as well as LMP2A [13] via
different SH3 domains.

To address a possibility of the mutual complex for-
mation of ITSN1, CBL and LMP2A immunoflurescence
analysis was carried out. Multiple overlapping of ITSN1
and CBL signals was observed in MCF-7 cells, a certain
portion of them was found to be LMP2A-positive (Fig.
2, see inset).

Almost all CBL spots were ITSN1-positive, which
is in line with previous finding that ITSN1 is constitu-
tively associated with CBL [11]. Triple colocalization
supports the idea about formation of the complex con-
taining ITSN1, CBL and LMP2A.

To study a role of ITSN1 as a potential recruiter of
CBL to LMP2A, ITSN1 was overexpressed in HEK293
cells stably expressing LMP2A and transiently co-
transfected with CBL. We observed the significant in-
crease in ITSN1 amount in the complex with CBL after
ITSN1 overexpression, but the amount of LMP2A co-
precipitated with CBL was barely affected, p = 0.86
(Fig. 3, A, B). In line with this observation is the fact
that a mutant of LMP2A (YF + P5) unable to bind
ITSNI1 [13] was readily detected in complex with CBL
(Fig. 3, C). Taken together these results we assume that
ITSN1 might be engaged in the complex of CBL and
LMP2A, but it is not required to mediate this interac-
tion. This notion can be additionally supported by ob-
served colocalization of LMP2A and CBL signals with
no overlapping with ITSN1 (Fig. 2, see inset, upper
panel).

Previous attempts to detect direct or indirect inter-
action of CBL with LMP2A were unsuccessful [10]
and reasons for this failure remain unclear. A possible
explanation of this fact might be the usage of different
detergents in cell lysis buffers.

CBL is shown to promote LMP2A degradation
through the ubiquitylation and specifically mediates
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the degradation of tyrosine kinase Syk in the presence
of LMP2A. These events were found to be important
for the regulation of EBV switch from the latency to the
lytic phase of infection [10]. Our recent data point that
ITSNI1 interacts with the Syk kinase, moreover, it un-
dergoes tyrosine phosphorylation by this kinase in
LMP2A-positive cells [13]. As CBL controls Syk stabi-
lity it may regulate ITSN1 phosphorylation as well.
Noteworthy, CBL interacts with LMP2A via its PTB
domain suggesting that this binding depends on phos-
phorylation of tyrosine residues of LMP2A. The inter-
action of CBL with LMP2A resembles its binding to a
receptor molecule that occurs only when the latter has
been phosphorylated. We assume that many if not all
LMP2A-induced effects have self-limiting regulatory
loops and the recruitment of such negative regulators as
ubiquitin ligase CBL may represent an example of such
control.
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B3aemonis yoikBiTiH-nirazu CBL 3 6inkom LMP2A Bipycy
Enurreitna-bapp 3nificHioeTbes 3a nocepenuuutsoM PTB-nomeny

Ta He 3aJIeXUTh Bia agantepHoro Oinka [TSN1

Pestome

Bioomo, wo membpannuii 6inox aamenwmuoi ¢asu 2A sipycy En-
wmeuna-bapp yb6ixeimuninioemocs yoiksimun-nicazoro CBL, xoua
npaAmoi 3aemo0ii yux 08ox OiKi6 He suseneHo. Hawa mema nonsizana
y oocnidocenHi 3aemodii LMP2A i CBL ma suguenni moocaugocmi
yuacmi 8 ybomy KoMnaeKci 6inkoeoeo adanmepa. Bepyuu 0o ysaeu, wo
06u08a 3a3HaueHux OLIKU 63aEMOOiIONMb 3 eHOOYUMOSHUM adanmep-
num oinkom ITSN1, mu npunycmunu, wo ocmanuii modce ciyeysamu
nnameopmoro 0ns ymeopernnsi komnaekcy LMP2A/CBL. Memoou.
ImyHogpnyopecyenmuuii ananiz ma KoiMyHONpeyunimayir 3acmoco-
8AHO O OOCHIOHNCEHHS MONCIUBOCTI (POPMYBAHHI KOMNAEKCY MIHC
ITSN1, CBL i LMP2A. Pesynomamu. Koimynonpeyunimayis LMP2A i
CBL c6iouums npo ymeopenst KOMNIAEKCY Yumu OLIKAMU, NPUHOMY M-
manmna ¢popma CBL, sika ne 30ammua 38 ‘sazyeamu ghocpomuposunogi
sanuwiku, He ezaemooie 3 LMP2A. Mu cnocmepizanu nompiiny koio-
xanizayito ITSNI1, CBL i LMP2A y knimunax ninii MCF-7, a makooic
KoiMyHonpeyunimayito 6cix 3asnauvenux oinkie. Hadexcnpecis ITSNI
He enausae Ha eghekmusHicms koimyHonpeyunimayii LMP24 3 CBL.
Binvw mozo, mymanmuuii eapianm LMP2A, ne 30amuuil 36 ’si3yeamu-
cs1 i3 ITSN1, eghexmusno esaemooic 3 CBL. Bucnosku. LMP2A mooice
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8xX00UumMu 00 KOMNJIEKCY eHOOYUumo3Ho2o aoanmeprozo 6irka ITSNI
ma yoixeimun-nicasu CBL. Yuacmo ITSNI ne € HeobxiOHow0 05t hop-
myearus komnaexcy mise LMP2A i CBL. Ilokasano, wo PTB-0omen
yoixeimun-nieasu CBL gionosgioae 3a 36’sa3yeanns 3 LMP2A.

Kniouosi cnoea: inmepcexmun 1, CBL, LMP2A, eipyc Enwimeii-
Ha-bapp.
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B3aumopeiictBue youksurun-nurassl CBL ¢ 6enkom LMP2A Bupyca
Omnmreitaa-bapp ocymectsisiercs yepe3 PTB-nqomen u He 3aBucHT 0T
amanrtepHoro 6enka ITSN1

Pestome

Uszeecmno, umo membpannvlii 6erox ramenmuoi gasvt 24 eupyca
Onwmeiina-bapp youkeumunuiupyemes youkeumun-iueasou CBL,
00HAKO NPIMO20 83AUMOOCUCMBUSL IMUX OEJIKO8 paHee 0OHAPYHCEHO
ne Ovino. Hawa ueny cocmosna 6 uccneoo8anuu 63aumooeicmeus
CBL u LMP2A, a maksice 8 u3y4eHuu 603MOHCHOCIU YUACMUSL 8 INOM
Komniekce 6eakoso2o adanmepa. llpunumas 6o enumanue, ¥mo ooa
VHOMAHYMbIX OeNKaA 83AUMO0eliCBYIOM ¢ IHOOYUMO3HbIM aoanmep-
uoim beaxom ITSN1, mbl npednonodcunu, 4mo nOCIeOHU MOJNCEm CIIy-
orcums  naamgpopmou 0ns obpasoeanus xomniexca LMP2A/CBL.
Memoowvl. Ummynodyopecyenmmuulii aHaiu3 U KOUMMYHORDEYUNUmMa-
YUI0 UCNONBL30BANU OISl U3YHEHUS BOZMONCHOCIU 0OPA30BAHUS KOMN-
nexca c yauacmuem ITSNI, CBL u LMP2A. Pe3ynbmamol. KoummyHo-
npeyunumayust CBL u LMP2A ceudemenscmgyem 06 0bpazosanuu
Komnaexca smumu 6eakamu, npusem mymarwmuas popma CBL, nuwen-
Has CNOCOOHOCMU CBA3bIBAN POCHOMUPO3UHOBbIE OCMAMKIL, HE 83d-
umooeticmeyem ¢ LMP2A. Mol demexmuposanu mpouinyio KoIoKaiu-
sayuro ITSN1, CBL u LMP2A ¢ knemxax aunuu MCF-7, a makoice Ko-
UMMYHONPpeYunumayuio eblueynomanymoix oeakos. Cynepakcnpeccus
ITSN1 ne enusiem na spghexkmusrocme konpeyunumayuu CBL u LMP2A4.
Bonee moeo, mymanmmuuiii éapuanm LMP2A, oeghexmubiii no cessvi-
sanuto ¢ ITSN1, s¢pghexmusro e3aumooeticmeosan ¢ CBL. Bb160oowt.
LMP2A moorcem 6xkouamupcsi 6 KOMNIEKC IHOOYUNO3HO20 adanmepa
ITSN1 u youxsumun-ruzazot CBL. Yuacmue ITSNI ne siensemcs obsza-
menbHbiM 0151 0bpazosanus komniexca LMP2A/CBL. [lokasano, umo
PTB-oomen ybuksumun-tueazet CBL omeeuaem 3a céssviéanue c
LMP24.

Kntouesvie cnosa: unmepcexmun 1, CBL, LMP2A, supyc Dnwmeii-
Ha-bapp.
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