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Induction of cytokines in glial cells by trans activator of human T-cell
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Human T-cell lymphotropic virus type | (HTLV-1), the causc of adult T-cell leukemia, is also associated with the neurological disease, TSP/HAM

(Urggiteat spastic pargraresisitiT LY -1 assoctated mydiopatty) The TLV-1 genotie encades & pratetn, Tax, tat frane selivates Virdl 2rd odiuar

fese tragseripiion. To undemstnd dw mechaniatts for e produstion of cxokines by HILYA! & aorvous (st we enmmised tir enpression

in glial cells which cirried the Tax-expressing vector. We demonstrated that Tax expression enhaneed the production by plial cells of interleukin

(1L)-1, 1L-6, granulocyle-macrophage colony-stimulsting fucior (GM-CSF) and trunsforming growth [actor (TGF) 8. We suggest that the excessive

production of cytokines in nervous tissu¢ may play a role in pathogenesis of TSP/HAM, Glial cells that carry the rax gene may provide a model
uselul for in vitro study of the mechanisin of production of eylokines in the nervous system,

Glial cell; HTLV-L iax; Cylokine: Gene aclivation

1. INTRODUCTION

Human T-cell lymphotropic virus type I (HTLV-])
has been identified as the infectious agent responsible
for adult T-cell leukemia [1,2]. lts genome encodes a
40-kDa nuclear protein (Tax) [3] which is associated
with the leukomogenesis of this disorder. Tax is a potent
trans activator both ol the transcription directed by the
viral long terminal repeat, and of the transcription of
specific colfular genes such as tumor necrosts factor
(TNF) « [4], granulocyte-macrophage colony-stimulat-
ing factor (GM-CSF) (5], interleukin (IL) -2 [6.7], 1L-3
[€], and 1L-2 receptor [6,7,9]. HTL V-1 is also associated
with a neurological discrder such as iropical spastic
paraparesis (T3P}, also calted HTLY-1 associated mye-
Topathy (HAM) [10.L1]. Recently, we demenstrated that
introduction of tax gene into glial cells caused expres-
sion of the major histocompatibility complex (MHC)
class 1 antigen [12], a key molecule involved in im-
munorecognition. Therefore, it is possible that Tax may
produce some phenotypical changes in the neural cells
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of TSP/HHAM palients. Neural cells can produce and/or
respond Lo a variety of cytokines which function as both
neuro- and immunomodulators [13]. It has been sug-
gested that those eytokines may play an important role
in the pathogenesis of TSP/HAM, since elevated levels
of 1L-6 have been demonstrated in serum and cerebro-
spinal fiuidt of HAM patients {14). Here, we show the
effect of Tax on cytokine production in glial cells by ax
gene transfection.

2. MATERIALS AND METHODS

2. Prasnid

PMTCROD was used us an expression veetor ol Tax [UF] T
plusmid ¢entains the mouse metatiothionein promoier us an inducible
prompler.

2.2, Coli ewlture and iransfeciion

C6 ral glia} cells were culured at 37°C in Faleon plastic culture
dishes {Becton Dickinson, Lincoln Park, NJ) with Eagle’s minimal
essential medivm containing 10% fetal bovine serum (Gibeo BRL,
Gaithersburg, MD). One million cells were transfected with 2 yg of
pMTCXdL and 0.5 ug of pSV2Neo by the Shimadzu Somatic Hy-
bridizer | (Shimadzu, Kyotio, Japan). Aftey cultivation for 48 h in that
medium, (he cells were treated with the medium supplemented with
800 wg of G418 (Gibco BRL) and grown for two weeks under contin-
uous G418 seleciion. More thun 100 G418sresistant colonies were
pooied, propagated and used as tax-expressing cells, Copx. Copx were
trealed with or without lipopolysaccharide (LPS), 12-O-letrade-
canoylphorbol-13-acetite {TPA) and ZnSO, lor 12 h. Supernatani
fractions were coliected for measurement of cylokine contents. Cells
were washed twice with phosphate-bullered saline and used for RNA
prepiration.

2.3, RNA preparation and RT-PCR
Tolal RNA was iselated by the methed of Chomezynski and Suechi

41



Volume 313, number |

A 1 2 3 4

T TR it . e i o

FEBS LETTERS

C

MNovember 1992

56 7 8

B

&
+.

12345678

ﬁlih%ﬁ;g

Fig. 1. mRNA expression of rax and cytokines in C6 (lare 1-4) and C6px (lane 5-8) cells. PCR products of tax (A), IL-6 (B), IL-1 (C), TNF &

(D) and TGF#S (E) derived from cells treated with 100 ng/ml of' LPS (lunes

2 and 6), 100 ng/ml of TPA (lanes 3 and 7}, 80 uM of Zn30, (lanes

4 and §), or medium (lane 1 and 3) for 12 b were indicated. (A) 2% agarose gel electrophoresis. (B-E); 8-23% polyacrylamide gel elecirophoresis,

[15]. An amount of 1 g of RNA was used for first-strand ¢DNA
synthesis at 37°C lor 90 min with 30 units of recombinunt M-MuL¥Y
reverse transcriptase (Beehringer-Mannheim, Mannheim, Germany)
and 0.2 yg of DNA random hexamers. The reaction was terminiled
by boiling for § min, and 2 ul ol the mixture was amplified by 30 PCR
cycles with 0.5 units of taq polymerase (Promega, Madison, WI) and
0.5 reg each of the sense and antisense primers. The thermal cyele
profile was as fellows: | min at $4°C, 1 min at 55°C, and 2 min at
72°C. An aliquot (5 4} of the PCR mixture was subjected Lo eleciro-
phoresis in 2% aguarose gel or 3-25% polyacrylamide gel in TBE butler.
The agarose gel was then stained with ethidium bromide and photo-
graphed. Polyacrylamide gel was stuined by the standard silver stain-
ing method. The PCR products were identi®ed by the size which were
predieted Mrem the sequence (deseribed in seetion 2.4).

Table 1
Cylokine aclivily in medium

2.4, Primers for PCR

The folicwing primers were used [or gene amplificalion; fax sense,
S'CTCCACTTCCCAGGGTTTGGACGAG: ey antissense, 3’CTGT-
ACGAGCTGAGCCGATAACGCG; [L.-14 sense, ¥-GAAGCTGTG-
GCAGCTACCTATGTCT; 1L- 15 antisense, 5-CTCTGCTTGAGA-
GGTGCTGATGTAC; IL«6 sense, S-GACTGATGTTGTTGACA-
GCCACTGC: IL-6 anti-sense, 5-TAGCCACTCCTTCTGTGACT-
CTAACT. TNF asense, 5-CACCACCCTCTTCTGTCTACTGAA-
C; TNF o antissense, 5-CCGGACTGCGTGATGTCTAAGTACT,
TGF f# sense, 5-CTCCCACTCCCGTGGCTTCTAG; and TGF 4
anti-sense, 3-GTTCCACATGTTGCTCCACATTG, The sizes of
PCR products far rax, 1L=13, 1«6, TNF o, and TGF f§ were 203 bp,
520 bp, 509 bp, 546 bp, and 472 bp, respectively,

ol C8 and Chpx cells

Treatment IL-1 aetivity [L-0 activity GM-CSF activity
(mU/ml) (Usmh) (Urml)
C6 Chpx C6 Copx C6 Copx
Medium 0 14 10 620 0 0.46
ZnS0, 80 M) 0 13 3l 1490 ND ND
TPA (0.1 gg/ml) & 280 G7 2350 ND ND
LPS (0.1 ug/ml) 6 50 48 1930 0.28 0.60

One millien cells were seeded in 10-cm diameter plastic dishes with 10 mlm

edium and treated as indicated for 12 h. ND = not determined. I1.-1,

interleukin-1; 11.-6, interlenkin-6; GM-CSF, granuloeyte-macraphage colony-stimulating factor; TPA, 12-O-letradecanoylphorbol-13-usetate; LPS,
lipopolysaccharide. Values indicate the mean of two independent experiments of each measurement earried out in triplicate. SD vilues were less
than 10% of the mean,
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Fig. 2. (A) Time-dependent expression of rax (upper) and 1L«6 (lower) mRNA in C6 (lanes 1-5) and Copx (lanes 6-10) cells at 0 (lanes | and &),

0.5 artes 2 anad 7 ¢ fenes Faad 8, I anes 4 and $ axd bk Danes 5 ang Wy 2her LIP3 nimuiation. M, soe marker. 18 Time-dependem shangs

in 1L+6 activily in the supernatant of €6 (left) and C6px (right) afler LPS stimulation, Columns indicate the mean of 1wo independent experiments
ol euch measurement carried oul in riplicate SD values were less than 10% of the mean.

2.5, Cytekine asxiys

L ~tivities of [L-1, [L-6 and GM-CSF were determined by bioassuy
using 1210 cells (from Dr. X, Onozaki, Nagoya City University) [16],
MHEG0 (from Dr. T, Hirupo, Qsaka University, Jagan} [17] cells and
IC palls Drom KYREN Uiy Ban) 8L respecivg)y. TINF o oy
was measured by colorimetric assay desciibed previously [19]

3. RESULTS

C6px, the pMTCXdb-transfected cells, expressed rax
raAMA under normal culture conditions, it expression
was enhanced by agents that stimulated the metal-
lothionein promoter such as LPS, TPA, and Zn50,
(Fig. 1A). Expression of fax mRNA was accompanied
by that for IL-1, 1L-6 and TGFfF (Fig. 1B, C and E).

Expression of IL-6 mRNA in C6px further increased,

following stimulation of metaliothionein promoter with
LPS, TPA, and ZnSO, (Fig. 1B). Expression of IL-1

SERS, Gn Cope ‘nosetead, whan, dipmslated by TR
(Fig. 1C, lane 7). Expression of TGFf was observed in
C6px but not in C6 cells (Fig. 1E). Production of cytok-
ine activities was ulso enhanced by rax-transfection
(Table [). C6px increased the activity of 1L-6 by $2-fold
as compared with parental C6 cells. The activity of 1L-1

aod GM-CEF was detected in Cénx, Further enhance-
ment of IL-1, 1L-6, and GM-CSF activity was observed
in Copx treated with Zn80,, TPA and/or LPS. MNeither
TNFoe mRNA (Fig. 1D) nor TNFa activity were de-
tected.
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To investigate the relationship between Tax expres-
sion and the enhancement of cellular promoters, we
examined the timie-dependent change ol IL-6 mRNA
and the biological activity in C6 and C6px following
LPS treatment. The rax mRNA expression in Copx in-
creased at 30 mia and peaked at 60 min after LPS
treatmaent (Fig. 2A), 1£-6 mRNA expression in CGpx
increased at 6 h after LPS treatment (Fig. 2A). 1L-6
activity in Cépx also increased at 6 h after LPS treat-
ment, although that in parental C6 cells increased grad-
ually from 60 min to 6 h (Fig. 2B).

4. DISCUSSION

This study of Cépx, the glial cells that carry the
HTLYV-I tax gene, demonstrates that Tax stimulated the
production of IL-1, IL-6, GM-CSF and TGFS in cells
derived from nervous tissues. This was supported by the
following lines of evidence in the case of 1L-6: (i) trans-
fection of tax-expression vector to €6 cells enhanced
both mRNA and biological activity of [L-6 (Fig. | and
Table I} (ii) stimulation of metallothionein promoter
increased IL-6 production in Cépx (Fig. | and Table 1),
and (iii) the enhancement of [L-6 production in LPS-
stimulated C6px was slower than that in parental C6
cells (Fig. 2). This suggests that rex mRNA may be
translated into Tax. followed by the induction of 1L-6
mRNA in Cépx by a tranys activation of [L-6 gene by
Tax. This is the first study to demonstrate that Tax
induces the production of cytokines in neural cells, al-
though similar phenomena have been demonstrated in
T-cells and fibroblasts [8]. While TNF has also been
demonstrated to be overproduced in T-cells of putients
with HTLV-] [4], we could not detect either the mRINA
(Fig. | D) or the biological activity of TNFa. We did not
find that C6px express either 1L-2 or IL-2 receptor (datu
not shown), which are known io be expressed in T-cells
carrying rax [6,7,9]. Therefore, it is possible that differ-
ent mechanisins may contrel gene expression of some
cytokines, but not all, in the neural cells and T-cells.
Maoreover, sinee each cyiokine expression in neural cells
Uy rax transfection with or without stimulants showed
different patterns, it may be regulated in a difTerent
manner. Further investigations of cytokines in neural
cells are necessary for understanding that.

[t was recently reported that Tax enhanced the tran-
scription of proenkephalin mRNA in glial cells [20];
enkephalin, a neuropeptide, influences the immune sys-
tem. Similarly, cytokines contribute to neuro-immune
system communications, but more directly than does
enkephalin, As reported previously, glial cells produce
a variety of cytokines which regulate both the nervous
and the immune systems [13]. When Tux enfianced cy-

tokines production in patients with HTLV-l-related dis-
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eases, it causes perturbation of the ¢cytokine network in
both the immune and nervous systems, We also re-
ported that rax-transfected glial cells were induced to
express the MHC class I molecule [12], which is impor-
tant in recognition by T-cells. Such changes in Tax-
expressing neural cells may be involved in the patho-
genesis of HTLV-[-associated neurological disease. The
pathological role of trans activation by Tax awaits lur-
ther clarification.
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