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Aim: To evaluate expression patterns of protein product of putative tumor suppressor gene 7.SC-22 in human astrocytic tumors by
immunohistochemical approach. Methods: Plasmid pET-23d-TSC22 was constructed for the expression of human TSC-22 protein
in bacterial system, and polyclonal rabbit antibodies against recombinant TSC-22 were produced. Immunohistochemical analysis of
TSC-22 and GFAP expression with the use of anti-human-TSC-22- and anti-human-GFAP-antibodies was performed on histological
slides of astrocytic tumors. Results: Inmunohistochemical analysis has shown that the number of cells expressing TSC-22 was signifi-
cantly lower in glioblastoma tissues than that in diffuse astrocytoma. Double immunohistochemical staining of astrocytic tumors using
anti-human-TSC-2- and anti-human-GFAP-antibodies showed that both TSC-22 and GFAP expression is co-localized in astrocytes.
Conclusion: TSC-22 protein is expressed in astrocytes, but not in macrophage /microglial cells. In more aggressive forms of astrocytic
tumors decreased expression of TSC-22 mRINA correlates with its lowered expression on protein level.
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Astrocytic gliomas are the most common primary
brain tumors and are divided histopathologically into
three grades: diffuse astrocytoma (World Health Orga-
nization grade Il), anaplastic astrocytoma (WHO grade
Ill) and glioblastoma (WHO grade IV) [1]. Among them,
glioblastoma is the most aggressive form, which may
arise spontaneously (so called primary glioblastoma)
or to progress from lower-grade gliomas (so called
secondary glioblastoma). Inactivation of genes TP53,
p16INK4A, RB1, PTEN, amplification/overexpression
of MDM2 and EGFR are the main genetic anomalies,
which have been identified in astrocytic tumors [1, 2].
Some other nonrandom anomalies are also related to
the peculiarities of gliomas, such as the cases of loss of
heterozigosity on chromosomes 1p, 9p, 10p, 10q, 11p,
13q, 17p, 199, and 22q. The potential tumor supressor
genes have not been identified in these regions despite
of the evidence on their existence obtained during last
decade [3-10]. Therefore, malignant gliomas under-
went an intense scientific scrutiny, and a search of
new genes associated with initiation and progression
of glial tumors is the aim of elucidating the molecular
basis of glial tumourigenesis.

Earlier, differential hybridization of gridded cDNA
libraries of human fetal and postnatal brain revealed
several genes, differentially expressed in astrocytic
gliomas and normal brain. TSC-22 (TGF-B1 stimu-
lated clone 22) was found among genes with the most
decreased mRNA level in astrocytic tumors and was
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supposed to be a putative tumor suppressor gene
[11]. Decreased content and even complete absence
of TSC-22 mRNA were shown also in benign and ma-
lignant human salivary gland tumors, when compared
to that in normal salivary gland [12]. These results
suggest that down-regulation of TSC-22 may play the
important role in brain and salivary gland tumorigen-
esis. However, the conclusion about the changes of
gene expression drawn only from the results based on
RNA prevalence has to be taken with care. Since there
is frequently considerable disparity in transcription and
translation or functional activity, in the present work we
carried out an analysis of TSC-22 gene expression in
astrocytic gliomas on the protein level.

MATERIALS AND METHODS

Gliomatissue samples were collected from A.P. Ro-
modanov Institute of Neurosurgery (Kyiv, Ukraine) and
Bordeaux hospital under the approval of the Institute
Review Boards. Altogether, 5 glioblastomas and 10
diffuse astrocytomas were studied. One sample of
meningioma tissue served as a negative control.

TSC-22 immunohistochemistry was done on
formalin-fixed, paraffin-embedded sections with
polyclonal anti-TSC-22 antibody obtained after im-
munization of rabbits by recombinant TSC-22.

PCR-product, encoding TSC-22 protein, was
synthesized with specific primers on plasmid DNA
from ICRFp507J1041 clone [11] containing full-length
TSC-22 cDNA (Fig. 1). After digestion by Ncol and
Xhol restrictases, PCR-product was cloned in pET-23d
plasmid (Novagen, Germany) in-frame with His-tag se-
quence according to standard methods [13]. Forward
primer AATTCCATGGAATCCCAATGGTGT (see forvin
Fig. 1) contained two nucleotide substitutions as com-
pared to nucleotide sequence of TSC-22 mRNA, which
generated restriction site CCATGG (Ncol). Reverse
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primer CCGCTCGAGTGCGGTTGGTCCTGAGC (seerev
in Fig. 1) contained additional nucleotides at 5'-end,
which generated restriction site CTCGAG (Xhol).

M K S Q w ¢C R P V A M DL G V Y Q
AATTGCATGAAATCCCAATGGTGTAGACCAGTGGCGATGGATCTAGGAGTTTACC
forv
L R HF S I s F L s s L L G T EN A S V
AACTGAGACATTTTTCAATTTCTTTCTTGTCATCCTTGCTGGGGACTGAAAACGCTTCTG
R L D NS S S GA SV V A I DNI K I E Q
TGAGACTTGATAATAGCTCCTCTGGTGCAAGTGTGGTAGCTATTGACAACAAAATCGAGC
A M DL V K S HUL MY AV R EE V E V L
AAGCTATGGATCTAGTGAAAAGCCATTTGATGTATGCGGTCAGAGAAGAAGTGGAGGTCC
K E 0 I K E L I E K N S Q L E Q E N N L
TCAAAGAGCAAATCAAAGAACTAATAGAGAAAAATTCCCAGCTGGAGCAGGAGAACAATC
L K T L A S P E Q L A Q F O A Q L Q T G
TGCTGAAGACACTGGCCAGTCCTGAGCAGCTTGCCCAGTTTCAGGCCCAGCTGCAGACTG
s p P AT T Q P Q G T T Q P P A Q P A S
GCTCCCCCCCTGCCACCACCCAGCCACAGGGCACCACACAGCCCCCCGCCCAGCCAGCAT
Q G s G p T A *
CGCAGGGCTCAGGACCAACCGCATAG
rev

Fig. 1. Nucleotide and deduced amino acid sequence of human
TSC-22. Amino acid sequence designated by one letter code
above the first position of codons. Positions of the primers used
for PCR-product synthesis are indicated by arrows

E. coli cells BL21(DES3) were transformed with re-
combinant plasmid pET-23d-TSC22. This E. coli strain
is deficientin both Jon and ompT proteases and has the
advantage for protein expression. Bacterial culture was
grown at 37 °C to optical density of 0.5-0.7 (A =600 nm)
and synthesis of recombinant protein was induced
during 3 h by 1 mM IPTG. Obtaining of cell lysates and
affinity purification of TSC-22, containing His, at the
C-terminus, were carried out under native conditions on
Ni-NTA agarose (Ni?*-charged nitriloacetic acid-modi-
fied agarose) according to manufacturer’s protocol
(Qiagen, USA). Analysis of protein products was made
by the electrophoresis in 12% SDS-polyacrilamide gel
(SDS-PAAG) and Coomassie blue staining.

Polyclonal TSC-22-specific antibodies were pro-
duced as described previously [14] by immunization
of male rabbits weighting 2-3 kg. 300 pg of recombi-
nant TSC-22 in PBS with 50% Freund’s adjuvant were
injected into the rabbit — 10 subcutaneous injections
along the spinal column, 30 ng each. Two immuniza-
tions were repeated in two week intervals by the same
antigene quantities in the presence of incomplete
Freund’s adjuvant, and the boosting was repeated
every two weeks for 8 weeks. Serum obtained from
the rabbit was tested for immunoreactivity against
TSC-22 protein by ELISA.

Double immunohistochemical labeling of histo-
logical slides by anti-human TSC-22 and anti-human
glial fibrillary acidic protein (GFAP) antibodies was
performed as described previously [15]. Paraffin
was removed by successive incubation in toluene
(2 x5 min), 95% alcohol (5 + 3 min), and distilled water
(5 min). To block non-specific labeling, slides were
pretreated by 3% BSA in 1 x TBS (20 mM Tris-HCI,
pH 7.5, 0.25 M NaCl) containing 0.2% gelatin. As the
first primary antibody, rabbit polyclonal antiserum
directed to human TSC-22 (dilution 1 : 2000) was
incubated with slides overnight at 4 °C, and unbound
antibodies were removed by 0.1% Tween 20 solution
in 1 xTBS. Then, slides were incubated for 2 h at room
temperature with secondary antibodies — fluoresce-
ine-labeled anti-rabbit antibodies (Alexa Fluor® 488
goat anti-rabbit IgG (anti-rabbit FITC 488, Invitrogen

A-11008)). Consecutive treatments of slides were
made by second primary anti-human GFAP mouse
antibodies (Sigma G3893) and rhodamine-labeled
secondary anti-mouse antibodies (Alexa Fluor® 594
goat anti-mouse IgG (Invitrogen A-11005)). Slides
were analyzed by fluorescent microscope (Carl Ceiss,
Germany) with green filter for fluoresceine and red
filter for rhodamine. Superposition of fluorescence
pictures was made for the comparison of the cellular
localization of TSC-22 and GFAP.

RESULTS AND DISCUSSION

Identification of genes that undergo alterations in
expression during malignant transformation was a goal
for many investigations. In previous publications, we
described the changes of gene expression in astrocytic
tumors [16-18]. However, the critical point of all such
experimentsis that the results based only on the chang-
es of mMRNA level are not enough for characterization
of differential gene expression in normal and malignant
tissues. In alot of cases, significant differences between
the abundance ratio of mRNA transcripts and the cor-
responding protein products were observed. Therefore,
the present study was designed to assess the expres-
sion patterns of TSC-22 on the protein levelin glial cells
or auxiliary (microglial) cells and in astrocytic tumors
of different grade of malignancy. The newly obtained
datarepresenta necessary extension of the previously
described changes of TSC-22 gene expression on RNA
level [11]. Also, the expression of glial fibrillary acidic
protein — standard immunohistochemical marker of
astrocytic gliomas has been studied simultaneously.

Recombinant TSC-22 protein was isolated from
E. coli cells, transformed by the constructed plasmid,
that contained TSC-22 cDNA. Recombinant TSC-22
protein after purification on Ni-NTA-agarose column
was of expected size, about 20 kDa (Fig. 2). It has
been used as antigen for generation of polyclonal
anti-TSC-22 antibodies. Immunohistochemical analy-
sis with the use of polyclonal anti-TSC-22 antibodies
has been performed as well as double staining of
histological slides with the use of anti-human TSC-22
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Fig. 2. Analysis of E.coli cell lysates in SDS-PAAG. 1 — total
lysate of E.coli cells without IPTG induction, 2 — total lysate of
E.colicells with IPTG induction, 3 — soluble fraction of the lysate,
4 — purified TSC-22 eluted from Ni-NTA agarose, 5 — protein
molecular weight marker (kDa)
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polyclonal and anti-human GFAP monoclonal anti-
bodies. Superposition of two flurescent patterns has
demonstrated their similarity (Fig. 3, a). Hence, itmay
be concluded that TSC-22 protein is produced or ac-
cumulated in the same cells as GFAP protein.
Analysis of astrocytomas of different grades
of malignancy has revealed that the quantity of
TSC-22-positive cells was essentially lower in glioblas-
tomathanin diffuse astrocytoma (see Fig. 3, b). These
results indicated the existence of correlation between
decreased expression of TSC-22 on mRNA level that
we have detected earlier [11] and its decreased ex-
pression on protein level in more aggressive forms
of astrocytomas. Immunohistochemical analysis has

demonstrated the absence of TSC-22 expression in
meningioma sample that served as negative control
(see Fig. 3, b) confirms the data on very low expression
level of TSC-22 mRNA in meningiomas [11].

TSC-22 belongs to the family of early response
genes and was initially isolated from mouse fiblob-
last cell line as a gene stimulated by transforming
growth factor B1 (TGF-B1 stimulated clone 22) [19].
This gene encodes protein, which contains “leicine
zipper” and is a transciptional repressor [20]. It was
established earlier that TSC-22 expression level was
essentially decreased in the salivary gland tumors,
and that TSC-22 down-regulation increased a growth
of salivary cancer cell line [12, 21]. Also it has been

Gliobiastoma

Superpos M

Fig. 3. Immunohistochemical detection of TSC-22 protein production in astrocytic tumors. a: double immunohistochemical labeling
of diffuse astrocytoma section by antibodies against TSC-22 and GFAP, b: immunohistochemical labeling of diffuse astrocytoma
and glioblastoma by antibodies against TSC-22
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shown that subcellular localization of TSC-22 protein
depends on induction of apoptosis [22].

Thus, the presented results along with the data
obtained earlier that have shown the marked decrease
of TSC-22 expression on mRNA level and protein level
in human brain tumors along with the data of other au-
thors on gene inactivation in the salivary gland tumors
and negative role of TSC-22 protein in the cell prolifera-
tion process, indicate the potential suppressor role of
this gene in tumor initiation and/or development.

Our previous analysis of genomic DNA from human
brain tumors and from blood of healthy donors did not
reveal any deletions in the locus of TSC-22 gene [23].
It may be assumed therefore that the repression of the
activity of this gene can exist on the level of regulation
of expression. One of the reasons of tumor suppressor
genes inactivation is the methylation of their promot-
ers, as it was shown recently for the epithelial mem-
brane protein BEMP3 — another candidate on the glial
tumor suppressor gene function [24]. Several sites for
Hpall (CCGG) and high density of CpG-dinucleotides
in TSC-22 promoter region are the signs of so-called
CpG-islands, frequently hypermethylated in tumors
[25]. Analysis of TSC-22 promoter region for possible
methylation may help to elucidate the mechanisms of
TSC-22 gene inactivation in glial tumors.
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OCOBEHHOCTU 3KCINMPECCHUUN BEJIKA TSC-22 KJIETKAMMU
ACTPOLUTAPHOMW INIMOMbI

Ileas: uccnenoBaTh 0COOEHHOCTH IKCIPECCHH 0EJIKOBOTO MPOIYKTA BO3MOKHOIO ONMyXO0.b-cynpeccopHoro rena 7.SC-22 B ac-
TPOLMTAPHBIX OMYXOJIAX 4ejoBeka. Memoovt: 6eaok TSC-22 Obl1 3KCHpeccHpoBaH B 0AKTepHAJIbHOM cHCTEME C ILIA3MHUI0M
pET-23d-TSC22 v npuMeHeH B KaueCTBE AHTHUTEHA JIsA NOTy4eH s MOJMKIOHAJIBHBIX KPOJIMYbHX aHTUTEN. C HX HCIOJIb30BAHHEM
MpoBeJeH IMMYHOTHCTOXHMIYECKHii aHam3 kcnpeccun 6eakoB TSC-22 u GFAP B TKaHAX acTpouMTAPHBIX OMYX0JI€ii YeIoBe-
Ka (n = 15). Pe3yasmamoi: KOIM4eCTBO KJIeTOK, 3kcnpeccupyommx TSC-22, 3HAYNTEIbHO CHHXKEHO B TKAHAX IJIH00JIACTOMBI
N0 CPABHEHHUIO ¢ TaKOBbIM 1updy3Hoii acTponuTombl. IIpn UMMYHOTHCTOXMMHYECKOM aHA/IM3€e ObLIA BbISIBJIEHA KO3KCIPECCHs
o0enkoB TSC-22 u GFAP B acrpoumrax. 3akarouenue: 6enok TSC-22 skcnpeccupyercsl B aCTPOIMTAX, HO He B Makpodarax
WM KjaeTkax Mukporun. Cazkenue yposuss MPHK 7SC-22 koppemupyer co cHuxkeHHO# 3kcnpeccueii 6enka TSC-22 B 6oaee
3JI0KA4€CTBEHHBIX ()OPMAX ACTPOLUTOM.

Karoueevie caosa: ren TSC-22, antutena npotuB TSC-22, nBoiiHOe UMMYHOTMCTOXHMYECKOE OKpAIIMBAHHE, ACTPOIMTAPHBIE
[JIHOMBI.
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