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Aim. Intersectin 1 (ITSN1) gene encodes an evolutionarily conserved adaptor protein that functions in
clathrin-mediated endocytosis, cell signalling, apoptosis and cytoskeleton rearrangements. Its expression
is characterized by multiple alternative splicing. Alternative promoter usage is an additional way to create
diversity and flexibility in the regulation of gene expression. The aim of this study was to identify possible
alternative promoters of ITSN1 gene. Methods. In silico prediction, 5' RACE, RT-PCR and reporter gene
expression assay were used for identification and functional characterization of alternative promoter
region. Results. We detected an alternative promoter of human ITSN1 gene which is located in intron 5 and
generates 5' truncated transcripts containing in-frame ATG codon with strong Kozak sequence and could
encode an N-terminally truncated isoforms lacking first EH domain. The region located 246—190 bp
upstream of exon 6 is required for alternative promoter activity. ITSNI transcripts generated from an
alternative promoter were detected in human kidney, liver, lung and brain tissues. However, the level of
their expression was significantly lower than that of major ITSNI isoforms. Conclusion. The results
obtained suggest that alternative promoter region located in intron 5 of ITSNI1 gene functions as a weak

promoter. Further experiments are required to clarify the role of 5' truncated ITSNI transcripts.
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Introduction. Intersectin 1 (ITSN1) is a conserved
adaptor protein implicated in clathrin-mediated endo-
cytosis, apoptosis, signal transduction and cytoskele-
ton organization (for a review see [1]). Its expression is
characterized by multiple alternative splicing [2—4].
The major ITSN1 protein isoforms described in mam-
mals are ubiquitously expressed short form, ITSN1-S,
and the long form, ITSN1-L, that is mainly expressed
in neurons. The short form consists of two N-terminal
Eps15 homology domains (EH1 and EH2), a coiled-
coil region and five Src homology domains (SH3 A—
E). The long form contains C-terminal extension with a
Dbl homology (DH), a pleckstrin homology (PH), and
a C2 domains [1]. Recently, we described 15 additional
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ITSN1 transcriptional isoforms generated by different
combinations of alternatively spliced exons [5].

Several lines of evidence suggested that a large
fraction of human genes possesses multiple promoters
which could be regulated in a different manner and
complements alternative splicing in generating diffe-
rent protein isoforms [6]. Here we report the identi-
fication of an alternative promoter of /TSNI/ gene
which is located in intron 5 and generates 5" truncated
ITSNI transcripts.

Materials and methods. RNA isolation and RT-
PCR. Total RNA from human tissues was isolated as
described previously [5]. cDNA was synthesized from
1 to 5 pg of total RNA using oligo(dT) primer and
Expand Reverse Transcriptase («Roche», France). Five
percent of the cDNA obtained was used as a template
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for PCR as described previously [5]. The following oli-
gonucleotides were used for expression analysis of
transcripts generated from an alternative promoter:
exon 5, forward —
543-ATCAGCTACCCTCTGCACTTCC-564;

exon 9, reverse —
1041-TGAGCCTGTGGTAAACTTGACTGC-1018;
AP210, forward —
35122238-GTTCTGTCTTCAGGTTGAGTC-35122258;
[-actin, forward —
5'-GAAATCGTGCGTGACATTAAG-3";

[-actin, reverse —
5'-AAGCATTTGCGGTGGACGATGGAG-3';

GAPDH, forward —
5'-TGAAGGTCGGAGTCAACGGATTTGGT-3;
GAPDH, reverse —
5'-CATGTGGGCCATGAGGTCCACCAC-3'.

For the detection of alternative splicing events in
the 5" UTR the following oligonucleotides were used:
exon 1, forward —
2-AGCAAGCTTGGGAGCGAAGGAGGT-25;
exon la, forward —
35061642-TTCCCAAATGCGGCATCTGTGT-35061663;
exon 1b, reverse —
35088748-GGGGTGTGAAGTGATCAACTCA-35088769;
exon 6, reverse —
730-AGCTGCTGTGGGAACAGAAGAT-709.

Nucleotide positions for oligonucleotides are based
on the /TSNI-L and ITSNI-S cDNAs and genomic se-
quence of chromosome 21 (GenBank accession num-
bers NM_001001132.1, NM _003024.2 and NC_
000021.8).

5" RACE was performed using human fetal brain
and lung total RN As and the 5'/3' RACE kit («Roche»)
according to the manufacturer’s instructions. The pri-
mers used for 5" RACE were 5'-GGCCACATCAAATG
ACTGT-3' and 5'-ATTTCTTGCCTTTGGGTGGTC-3'.

Cell culture and transfection. The cell lines HeLa
and HEK293 were grown at 37 °C in 5 % CO, in Dul-
becco’s modified Eagle’s medium supplemented with
10 % fetal bovine serum, 50 U/ml penicillin and
100 pg/ml streptomycin. The cells were transfected
using JetPEI (Polyplus Transfection). Cells grown in
12-well plates at 60—70 % confluence were transfected
in duplicate with 3 pg reporter gene constructs and
300 ng of Renilla luciferase expression vector,
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PRL-TK. Cells were collected 42 h after transfection.
Cell extracts were assayed for Firefly and Renilla
luciferase activities using the Dual Luciferase Reporter
Assay System («Promega», USA) and VICTOR3 Mul-
tilabel Counter 1420 («PerkinElmer», USA). Relative
luciferase activities were determined as the ratio of
Firefly luciferase activity of each sample to Renilla lu-
ciferase activity.

Plasmids. For Dual Luciferase Reporter Assay,
PCR products corresponding to the regions of intron 5
of ITSN1 gene were subcloned upstream the luciferase
gene in pGL3-basic expression vector («Promegay).
All PCR-generated DNA fragments were sequenced to
confirm fidelity.

Results and Discussion. Identification of alterna-
tive transcription start sites in the human ITSNI gene.
To search the putative alternative promoters of /7SN/
gene we analyzed database of transcription start sites,
DBTSS, based on experimentally determined 5’ end
clones [7] and found two clones with putative trans-
cription start sites located in introns 5 and 12. Then we
performed 5" RACEs on human fetal lung and brain
total RNAs with antisense primers within exons 6 and
13. Discrete bands were obtained only with primers
specific to exon 6. 5" ends of RACE products were
located 343, 323 and 285 bp directly upstream of the
exon 6 (Fig. 1, 4).

To verify the obtained results and more precisely
map possible transcription start sites, RT-PCRs with
different sense primers located at positions 36, 210,
338, 415 and 526 bp upstream of exon 6 and antisense
primer within exon 9 were performed. The results
suggest that alternative transcription start sites are
located at positions between 285-415 bp upstream of
exon 6 (Fig. 1, B). The 5' end of the longest 5" RACE
product was designated as +1. Sequence analysis
revealed the alternative in-frame ATG codon located in
exon 6 (at position +347 bp) that contains strong Kozak
sequence (GGTATGG) and could be considered as
good candidate for the initiation of the translation. The
resulting ORF could encode an N-terminally truncated
version of ITSN1 that lacks first EH domain.

Functional conformation of alternative promoter
region using reporter gene analysis. To determine
whether the putative alternative promoter region has
functional promoter activity, three fragments of the
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Fig. 1. 4 —scheme of /TSN gene with domain organization of short isoform (exons of /7SN gene are numbered; partial sequence of intron 5
and exon 6 of human /TSN/ gene is shown; sequence of exon 6 is underlined; positions of 5' ends of RACE products as well as transcription
start site predicted by DBTSS are indicated as arrows above the sequence; primers for 5' end mapping are indicated by arrows below the
sequence; consensus Kozak sequence is boxed; region required for promoter activity (A4) is indicated by figure arrows above the sequence);
B — mapping of the 3' end of /TSN transcripts generated from an alternative promoter using RT-PCR with AP415 and AP526 primers
(control reactions without reverse transcriptase (—RT) are shown); C — analysis of expression of ITSN1 transcripts produced from the major
(1) and alternative (//) promoters and control GAPDH gene (/I]) in fetal and adult human tissues; wk — week of fetus

intron 5 spanning the region from —1157 to +153 bp
were cloned into the promoterless pGL3-basic vector
upstream of the firefly luciferase coding sequence (Fig.
2, A). Alternative promoter activity was analyzed in
HeLa and HEK293 cells in comparison with control
promoter of the herpes simplex virus thymidine kinase
(pTK-Luc) and major ITSNI promoter located up-
stream of exon 1 (=997 +86 bp). The results of the
luciferase assays showed that all three alternative
promoter constructs were able to drive reporter gene
expression in both cell lines. In HEK293 cells the
activity of alternative promoter constructs was higher
than in HeLa, however it was approximately 3,5-fold
lower than the activity of TK promoter and 1,8-fold
lower than that of the major ITSN1 promoter. In HeLa
cells alternative promoter activity was 10-fold lower
than the activity of the major promoter.

Mapping the regions of promoter activity. We ge-
nerated a series of deletion constructs in order to loca-

lize regulatory sequence elements and the minimal pro-
moter region. Deletion of the region located between
+97 and —23 bp did not result in significant decrease of
luciferase activity (Fig. 2, B). When HEK293 cells
were transfected with pAP-283A1, pAP-283A2, pAP-
667A8, pAP-667A6 and pAP-1157A7 constructs, the
promoter activity was slightly increased, thereby sug-
gesting the presence of a negative regulatory element
located between —675 and —23 bp. However, deletion
of the segment between +97 and +153 bp caused mar-
ked decreases of luciferase activity. These results imp-
ly that the +97 to +153 bp region is required for alter-
native ITSN1 promoter activity.

Analysis of expression of ITSNI1 transcripts gene-
rated from an alternative promoter. The mammalian
ITSN1 gene produces two major isoforms, ITSN1-S
and ITSN1-L [1]. To analyze the expression of /TSN/
transcripts produced from an alternative promoter,
nested RT-PCRs using a sense primer of intron 5 and
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Fig. 2. A — activity of /TSN alternative promoter in HeLa and HEK293 cells (cells were transfected with sequentially deleted reported
constructs of the —1157 +153 bp sequence; transient transfection and luciferase assays were performed in triplicate; the data were
normalized to renilla luciferase activity and are shown as relative activities compared to that for p7K-Luc; the mean values and standard
deviations were calculated from three experiments); B — mapping of /TSN/ alternative promoter region (deletion constructs of /TSN/
alternative promoter region used for luciferase assay in cell line HEK293 are indicated)

antisense primers specific for the short and long /7SN 1
isoforms were performed. PCR products were detected
only with primers specific to /TSNI-S isoform. Sub-
sequent cloning and sequencing of these products
showed that they represent two different splice variants
of ITSNI-S (Fig. 3). A first transcript was amplified
from fetal kidney. It lacks exons 25 and 26 that encode
the SH3C domain involved in interaction with proline-
rich motifs of dynamin 1, synaptojanin 1, SOSI,
WNK-kinase and other proteins [8—10]. The second
transcript was detected in fetal lung tissue and was
characterized by unusual for ITSN1 combination of
alternatively spliced exons. It contains elongated exon
12 due to the use of an alternative 3’ splicing site
located 22 nt upstream of the 5’ end of exon 12 and
lacks exons 25, 26 and 27. This combination of alter-
native splicing events shifts the open reading frame and
introduces stop codons.

To examine further the expression of the ITSNI
transcripts, RT-PCR was performed on total RNAs
from different tissues using primers specific for the
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amplification of /TSNI mRNAs originating from the
major and alternative promoters. The expression of
ITSNI transcripts generated from an alternative
promoter was significantly lower than that of major
ITSN1 isoforms. RT-PCR products of transcripts pro-
duced from an alternative promoter were observed in
fetal kidney, liver, lung and brain, as well as in adult
kidney and ovary (Fig. 1, C). However, a second step of
PCR amplification with nested primers revealed the
presence of these transcripts in all tissues tested indica-
ting the low level of their expression (data not shown).
RT-PCR analysis and results of luciferase assays sug-
gest that identified alternative promoter region func-
tions as a weak promoter. We could not use Western
blot analysis to study the expression of ITSN1 proteins
encoded by transcripts from an alternative promoter
since the molecular weight of these proteins coincides
with that of alternatively spliced ITSN1-22a isoform.
Alternative splicing affecting the 5' UTR of ITSN1
mRNA. 5" untranslated region (5 UTR) of human
ITSNI mRNA produced from the major promoter con-
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Fig. 3. Schematic representation of the /7SN transcripts produced from an alternative promoter (/, //) and domain structure of the two main
isoforms, short (ITSN1-S) and long (ITSN1-L). /TSN exons are shown as black and white boxes and numbered above. Stop codons are
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Fig. 4. A — schematic representation of splicing events affected 5'
UTR of human ITSN1 mRNA; B — analysis of expression of /TSN/
isoforms containing exon la using primers specific for exons la and

6 (BI); C — analysis of expression of /7SN/ isoforms containing
exon 1b using primers specific for exons 1 and 1b (CI); B, C (II) —
analysis of expression of control genes GAPDH and P-actin

sists of two exons and could start from seven different
transcriptional start sites according to CAGE-tags da-
tabase. While analyzing GenBank Database we found
two ESTs that had high homology with human /I7SN/
gene and carried two insertions of 62 and 187 bp lo-

cated between exons 1 and 2. The insertions are gene-
rated due to addition of two exons of 62 and 125 bp that
were designated as exons la and 1b (Fig. 4, A). The
combination of exons la and 1b resulted in an insertion
of 187 bp. Start-codon of /TSN1 is located in exon 2
and addition of two supplementary exons expands the
total length of 5" UTR of /TSNI mRNA and potentially
could affect translation efficiency, mRNA transport
and stability.

To explore tissue specificity of /TSN transcripts
with two supplementary exons, we performed RT-PCR
and found that these isoforms are widely expressed in
the majority of tissues without any significant tissue
specificity (Fig. 4). Our further experiments showed
that exons la and 1b are predominantly spliced in a
mutually exclusive fashion. Using primers within
exons la and 6 we obtained PCR product of 700 bp that
corresponds to the isoform containing exon la, but
failed to amplify the 825-bp PCR product containing
both exons la and 1b (Fig. 4, B). To confirm these
findings, we performed RT-PCR using sense primer
within exon 1 and antisense primer specific to exon 1b.
The results indicated the presence of the products of
269 bp representing the transcript with exon 1b and
absence of the 331-bp product corresponding to the
isoforms containing exons la and 1b (Fig. 4, C).

Thus, we identified alternative promoter of /7SN/
gene that generates novel transcript variants and the-
refore diversifies functions of endocytic adapter pro-
tein ITSN1. The data concerning alternative splicing
events within 5" UTR could be also important for fur-
ther understanding of /TSNI regulation at posttrans-
criptional level.
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C. B. Kponusro, JI. O. l{uéa, 1. A. Ckpunkina, A. B. Punouu

Inentndikanis Ta pyHKIiOHATBHUN aHAII3 aTbTEPHATHBHOTO

MPOMOTOPY I'eHa IHTEPCEKTUHY | JTIOIUHI

Pestome

Mema. I'en inmepcexmuny 1 (ITSN1) kodye esontoyitino KoHcepsa-
mueHull adanmepHull 610K, npudemuuil 00 KIAMpUH-0nocepeoKo-
6aAH020 eHOOYUMO3Y, GHYMPIUHbLOKIIMUHHOI nepedaui CucHany,
anonmo3sy ma peopeanizayii yumockenemy. Hozo excnpecis nos ‘s-
3ana 3 6acamovmsa nOOIAMU ANbMEPHAMUBHO20 cnaaticuney. /Jlooam-

KOBUM CNOCOOOM Q0CACHEeHHs pizHOMaHimms | MOHKOI peeyaayil

excnpecii 2eni6 € NOWYK albmepHamusHux npomomopis. Mema po-
6omu noaseand y 6UAGIEHHI MONCIUBUX ANbIMEPHATUBHUX NPOMO-
mopie eena ITSNI1. Memoou. 3acmocosaano komn 'tomepHe nepeo-
6auenns, 5' RACE, RT-PCR i mecm, ochogaHuil Ha aHaiizi ekcnpe-
cii penopmepHoeo cena. Pesynomamu. Buaeneno aremepramugnuii
npomomop eena ITSNI nwoounu, noxanizoeanuil y 5-my iHMpoHI,
6HACTIOOK GUKOPUCAHHS K020 YMBOPIOIOMbCS MPAHCKPUNMU 3
8IOKPUMOIO PAMKOIO 34UMYGAHHS MA KOHCEHCYCHOIO NOCNI006-
nicmio Koszak, 30amui kooysamu ITSNI-izopopmu 6e3 nepuiozo
EH-0omeny. Busnaueno, wo oinsinka, pozmawosana 3a 246—190 n.
H. 00 noyamky 6-20 eK30HA, He0OXIOHA 01 (DYHKYIOHYBAHHS Allb-
mepuamugro2o npomomopy. Ipanckpunmu ITSNI, wo ymeopio-
10MbCs 8 pe3yabmami 6UKOPUCMAHHA ANbMEPHAMUBHO20 NPOMO-
mopy, 3Hau0eno 8 MKAHUHAX HUPOK, NeUIHKU, J1e2eHb [ MO3KY NI00U-
HU, npome pigeHb IXHbOI excnpecii 3HAYHO HUICUUL NOPIGHAHO 3
ocHosHumu izopopmamu ITSNI. Bucnoeku. Ompumani oani cgio-
uamv npo me, WO AlILMEPHAMUSHUL NPOMOMOD, TOKANIZ08AHUU Y
5-my inmponi cena ITSN1 nt00unu, GyHKyionye ax caabKuii npomo-

mop. Ioodanvwi 0ocniocenns HeobXiOHI 05 3 ACYBAHHA DYHKYIT

mpanckpunmie ITSNI 3 aremepnamugnum 5'-kinyem.
Kurouosi cnosa: inmepcexmun 1, anemepnamugnuii npomMomop,
anemepHamuenuil cnaaticune, aoanmepui oiaku, 5’ UTR.

C. B. Kponusxo, JI. A. Juéa, U. A. Ckpunxuna, A. B. Poinouu

I/II{GHTI/I(bI/IKaI_II/IS[ u (byHKI.IPIOHaJ'IBHI:Iﬁ aHaJIu3 aJIbTCPHATUBHOTO

IIpOMOTOpa reHa HHTEPCCKTUHA 1 uenoBeka

Pesrome

Lens. I'en unmepcexmuna 1 (ITSN1) kooupyem 260110yu0HHO KOH-
cepsamusHblil a0anmepHulil 60K, y4acmeyiowuil 8 Kiampun-ono-
CpedoB8aHHOM IHOOYUMO3e, GHYMPUKIEMOYHOU nepeddaie CucHald,
anonmo3se u peopeanusayuu yumockeiema. Eeo skenpeccus xapax-
mepusyemcsi MHO2OYUCIEHHBIMU COOLIMUAMU ANbMEPHAMUBHO20
cnaavicunea. JJonoanumenbHolM cnocobom 00CmMUdICeHus pasHooo-
Pasus u MoHKoU pe2yisiyuu IKCHPeccull 2eH08 s611emcs UCHONb30-
6anue anbmepHaAmueHbIX npomomopos. Lleav dannou pabomul co-
CMOoANA 8 0OHAPYIHCEHUU 80ZMOICHBIX ANLINEPHATMUBHBIX NPOMOMO-
pos cena ITSN1. Memoowt. [Ipumenenvl KomnviomeprHoe npedcka-
s3anue, 5' RACE, RT-PCR u mecm, oCHOBAHHbBIU HA aAHAIU3E DKC-
npeccuu penopmepnozo eena. Pesynemamor. Hamu evisgnen anv-
mepuamugHvlli npomomop 2ena ITSNI uenosexa, 10Kkanu3o8anvii
6 5-M unmponue, 8 pesyibmame UCNONb308AHUL KOMOPO2O 00pa3y-
10MCA MPAHCKPUNMbL C OMKPLIMOU PAMKOU CHUMbIBAHUS U KOHCEH-
cycHou nocnedosamenvrnocmoio Koszax, cnocobuvie xoouposame
uzogopmer ITSNI1 6e3 nepsoco EH-0omena. Ilokaszano, umo yuac-
mok, naxooswuiics 3a 246—190 n. n. 0o navana 6-20 sK30na, HeoD-
X0O0UM 011 PYHKYUOHUPOBAHUS ANbMEPHAMUBHO20 NPOMOMOPA.
Tpanckpunmet ITSN1, nonyuennvie ¢ anomepHamugHo20 npomMomo-
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pa, o6Hapydicervl 8 MKAHAX NOYeK, NeueHU, 1eeKux U Mo3ed yeiose-
Kd, HO YPOBEHb UX IKCNPECCUU 3HAYUMENbHO HUICE NO CPAGHEHUIO C
ocHosHbimu uzopopmamu ITSNI1. Boteoowt. [lonyuennvie pe3yivma-
Mol CUOEMEeNbCIMBYIOM 0 MOM, YMO AlbMePHAMUBHBLI NPOMOMOP,
JOKAAU308aHHbLU 6 5-Mm unmpone cena ITSN1, ¢hynkyuonupyem xak
caabvlil npomomop. JlanvHeluue ucciedo8anus HeoOxXo00uMbl 0is
evisicHenusi yukyuu mpanckpunmos ITSNI ¢ aremepnamuenvim
5'-koHyom.

Kutouegvie cnosa: unmepcexmun 1, anomepHamueuviii npomo-
mop, anbmepHamuenbslll cnaaticune, adanmepHule oeaxu, 5' UTR.
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