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Induction of HLA class II in HTLV-I infected

neuronal cell lines

Tanya ] Lehky and Steven Jacobson

Neuroimmunology Branch, Bldg. 10/RM. 5B16, NIH, Bethesda, MD 20892, USA

Human T-lymphotropic virus-I (HTLV-I) has been etiologically linked with
HTLV-I associated myelopathy/tropical spastic paraparesis (HAM/TSP), a
neurologic disease. The characteristic pathological finding in HAM/TSP is
marked mononuclear infiltration of the CNS with destruction of the long
tracts of the spinal cord. An increased expression of HLA surface antigens
and cytokines in the CNS is associated with this inflammatory response.
Furthermore, there is evidence for the presence of HTLV-I in HAM/TSP CNS
specimens using in situ hybridization and polymerase chain reaction tech-
niques. The relationship between HTLV-I infection of CNS cells and the
observed upregulation of surface antigens in the CNS is not well understood.
It has been previously demonstrated that HTLV-I infection of neuroblastoma
cells leads to induction of HLA surface antigens. As an extension of these
studies, HFGC and HCN-1a, neuronal cell lines of nontumorigenic origin,
were infected with HTLV-I and the effect on HLA upregulation was studied.
Infection of the neuronal cells was demonstrated by the presence of HTLV-I
gp46 surface antigen on CD4. negative cells and by the in situ presence of
HTLV-I RNA in neurofilament positive cells. Concurrent to HTLV-I infection,
HLA class II surface antigen was observed on neurofilament positive cells.
Upregulation of HLA class II was not observed in neuronal cells grown in the
presence of interferon-y or tissue necrosis factor-o.
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Introduction

Human T-lymphotropic virus-I (HTLV-I}, a human
retrovirus, is the causative agent in adult T-cell
leukemia (ATL) (Poiesz et al, 1980) and is associat-
.ed with a progressive myelopathy, HTLV-I associat-
ed myelopathy/tropical spastic paraparesis
(HAM/TSP) (Gessain et al, 1985; Osame M et al,
1985; Roman and Roman, 1988). HAM/TSP leads to
a slowly progressive paraparesis in approximately
1-5% of HTLV-I infected individuals (Kaplan et al,
1990). The predominant pathology in HAM/TSP is
inflammation and destruction of the spinal cord
‘with mononuclear perivascular infiltrates located
throughout the central nervous system (CNS)
(Liberski et al, 1988; Piccardo et al, 1988; Moore et
al, 1989; Iwasaki 1990; Wu et al, 1993). Chronicity
of disease determines the composition of these
infiltrates. Early in the disease, the perivascular
infiltrates contain an equal distribution of CD4+
lymphocytes, CD8+ lymphocytes, and macrophages
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(Iwasaki 1990; Umehara et al, 1993; Yoshioka et al,
1993). Prolonged duration of neurologic symptoms
leads to an increase in the CD8+ lymphocytes with-
in the infiltrates with a relative paucity of CD4+
cells. In addition, there is upregulation of HLA
expression on CNS cells and increased expression
of lymphokines, including interferon-gamma (IFN-
v) and tissue necrosis factor-alpha (TNF-a)
(Umehara et al, 1994; Wu et al, 1993).
Complementary to the inflammatory response
observed in the CNS pathology, HAM/TSP patients
appear to have a systemic activation of their
immune function (Itoyama et al, 1988a; Jacobson et
al, 1988). Markers of activated T-lymphocytes,
including interleukin 2-receptor (IL2R) on T-lym-
phocytes and soluble IL2R in the serum, are
increased in this disease (Itoyama et al, 1988a). In
addition to increased activated T-lymphocytes,
spontaneous proliferation of peripheral blood lym-
phocytes (PBL) (Itoyama et al, 1988b; Jacobson et al,
1988) and HTLV-I specific CD8+ cytotoxic T-lym-
phocytes (CTL) have been demonstrated in
HAM/TSP patients (Jacobson et al, 1990; 1992).
Spontaneous lymphoproliferation, the ex vivo abili-
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ty of PBL to proliferate in absence of mitogenic
stimuli, can be demonstrated in HAM/TSP patients
but not in ATL patients or HTLV-I seronegative indi-
viduals. HTLV-I specific CTL is a targeted response
by activated, IL2R+, T-lymphocytes to an HTLV-I
specific antigen (Elovaara et al, 1993; Jacobson et al,
1988; 1990). Significant levels of CTL activity are
observed in PBL and CSF lymphocytes of
HAMY/TSP patients (Jacobson et al, 1992) with an
estimated precursor frequency of HTLV-I tax specif-
ic CD8+ CTL as high as 1 in 75 CD8+ in HAM/TSP
PBL (Elovaara et al, 1993). Asymptomatic HTLV-I
carriers have low or absent CTL activity (Jacobson
et al, 1990).

Despite the immunologic and pathologic observa-
tions in HAM/TSP, the role of HTLV-I in the patho-
genesis of this disorder remains elusive.
Quantitative PCR analysis of PBL demonstrates that
there is 2—20 viral copies per 100 PBL in HAM/TSP
patients while asymptomatic carriers have a lower
viral load with 0.04-8 viral copies per 100 PBL
(Kubota et al, 1993). PCR studies on CNS tissue
have demonstrated the presence of proviral DNA in
the spinal cord and to a lesser extent, in the cere-
brum of HAM/TSP (Bhigjee et al, 1991; Kira et al,
1992; Ohara et al, 1992). In situ hybridization of
HTLV-I tax RNA has been observed in cells within
white matter of spinal cords and cerebellum of
HAM/TSP patients (Lehky et al, 1995). A few
infected cells appeared to be astrocytes. Recently, in
situ PCR has demonstrated that infiltrating CD4+
cells may contain proviral HTLV-I sequences (Hara
et al, 1994).

To study the interaction between HTLV-I infec-
tion and immune activation, we examined the effect
of HTLV-I infection on HLA expression of neuronal
cells. Neuronal cells were chosen for these experi-
ments because the high degree of inflammation sur-
rounding the corticospinal tract axons (Moore et al,
1989; Iwasaki 1990; Wu et al, 1993) relative to the
heavily myelinated posterior columns makes motor
neurons a potential target for immune activation
either by direct HTLV-I infection or cytokine-medi-
ated effects. Previous studies with HTLV-I infected
neuroblastoma cells demonstrated that induction of
HLA class II was closely associated with HTLV-I
expression (Lehky et al, 1994). Since neuroblastoma
cell lines are of tumorigenic origin and may have
characteristics atypical for CNS neurons, we sought
to apply this system to neuronal cells that more
closely represent normal CNS cells. The two neu-
ronal cell lines studied were HFGC, a human cell
line containing a mixture of neuronal and astrocytes
from a fetal source, and HCN-1a, a human neuronal
cell line from an adult cortical source (Ronnett et al,
1990; Poltorak et al, 1992; Truckenmiller et al,
1993). These cell lines were cocultured with Hut-
102 cells, a HTLV-I infected cell line, to establish
susceptibility of these neuronal cells to infection.
Evidence for HTLV-I infection was determined by

surface antigen expression of HTLV-I gp46 and in
situ hybridization of HTLV-I RNA. These infected

. cocultured cells were also shown to upregulate

HLA class II expression.

Results

Cell morphology

HCN-1a and HFGC cell lines are adherent cells that
grow thick dendritic processes. This is evident in
the HCN-1a cells (Figure 1a), which are purely neu-
ronal in composition, compared to the HFGC,
which has a combination of neurons and fibrocystic
appearing astrocytes (not shown). Unirradiated Hut-
102, an HTLV-I infected long-term T-cell line, and
HCN-1a cells were cocultured for 7 days. Syncytia
formation was observed between the adherent HCN-
1a cells and the nonadherent Hut-102 cells (Figure
1b). Furthermore, the dendritic processes thinned
and retracted in the course of 1 week of coculturing
(open arrows, Figure 1b).

Figure 1 Morphologic features of HTLV-I infected HCN-1a. (a)
HCN-1a cells, uninfected, adherent to plastic culture flask.
Magnification 300x. (b) HCN-1a cells (star) cocultured with irra-
diated Hut-102 cells (arrow). Hut-102 cells (arrow) form syncytia
with adherent neuronal cells (star}. Thinning of dendritic
processes (open arrow) is also noted on the cocultured neuronal
cell. Magnification 300x.
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Figure 2A Surface antigen expression on cocultured HFGC cells. Flow cytometry was performed on Hut-102 cells, non-cocultured
and HTLV-I infected HFGG cells. Primary antibodies are HTLV-I gp46, CD4 (Leu3a), HLA class I (W6/32), and HLA class II (1.234). The
data are plotted as relative fluorescence intensity (x axis) versus number of positive cells (y axis). Hut-102 cells (a,b,c.d) {10* cells
counted); non-cocultured HFGC cells (e,g,f,h)(10* cells counted), cocultured HFGC cells (i,j,k,1) (5 x 10 cells counted). The mouse IgG

line.

Expression of HTLV-I surface antigens on HTLV-I
infected neuronal cells

The expression of HTLV-I surface antigens on cocul-
tured HFGC cells was compared to the non-cocul-
tured HGFC and Hut-102 cells by examining the
presence of HTLV-I gp46 env protein using flow
cytometry. CD4+ expression was determined to con-
firm complete removal of Hut-102 cells from these

control is represented by a dotted line and the test antibody, HTLV-I gp46, CD4, HLA class I, or HLA class Il was represented by a solid

cocultures. Hut-102 cells expressed both HTLV-I
gp46 and CD4 (Figure 2A a,b). In contrast, HFGC
cells alone did not express HTLV-I gp46 or CD4

(Figure 2A e,f). HFGC cells infected with HTLV-I by

cocultivation with HUT 102 cells for 7 days
expressed HTLV-I gp46 (Figure 2A i). The absence
of CD4+ cells in this HTLV-I infected HFGC cocul-
ture (Figure 2A j) indicated that expression of
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Figure 2B Surface antigen expression on cocultured HCN-1a cells. Flow cytometry was performed on Hut-102 cells, non-cocultured
and HTLV-I infected HCN-1a cells. Primary antibodies are HTLV-I gp46, CD4 (Leu3a), HLA class I (W6/32), and HLA class II (L234).
The data are plotted as relative fluorescence intensity (x axis) versus number of positive cells (y axis). Non-cocultured HCN-1a cells
(a,b,c)(3 x 103 cells counted), cocultured Hen-1a cells (d,e,f)(2 x 10° cells counted). The mouse IgG control is represented by a dotted
line and the test antibody, HTLV-I gp46, CD4, HLA class I, or HLA class II is represented by a solid line.

HTLV-I gp46 (Figure 2A i) was not due to residual
Hut 102 cells. In parallel, HCN-1a, which do not
express HTLV-1 gp46 or CD4 (Figure 2B a,b), could
also be infected with HTLV-1. HCN-1a cells, cocul-
tured with irradiated Hut-102 cells (5:1 ratio, Hut-
102: HCN-1a) for 7 days, demonstrated the presence
of HTLV-I gp46+ and CD4- cells (Figure 2B d,e).

Detection of HTLV-I RNA in cocultured neuronal
cell

Using an HTLV-I 35S RNA probe to the HTLV-I pX
region, cocultured HFGC and HCN-1a cell lines
were examined for the presence of HTLV-I mRNA.
In situ hybridization demonstrated that HTLV-I
RNA was detected in the cocultured HFGC and
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Figure 3 HTLV- tax RNA in situ hybridization of HFGC cells. Aggregations of silver grains (black dots) overlying cells indicate the
presence of HTLV-I tax RNA, using the HTLV-I antisense riboprobe. (a) HTLV-1 infected HFGC with HTLV-I antisense riboprobe, demon-
strating the presence of cells containing HTLV-I RNA. Light field, 400x magnification. (b) Non-cocultured HFGC cells, with HTLV-I
antisense riboprobe, demonstrating the absence of HTLV-I infected cells. Light field, 400x magnification. (c) HTLV-I infected HFGC
with HTLV-I antisense riboprobe, showing a larger field of infected cells. Light field, 100x magnification. (d) HTLV-I infected HFGC
with HTLV-I sense riboprobe, demonstrating the absence of signal using the probe in the opposite orientation. Light field, 100x magnifi-

cation. Cells counterstained with hematoxylin and eosin.

HCN-1a cells (Figure 3a, c and 4a, respectively) but
not in the non-cultured HFGC and HCN-1a cells
(Figure 3b and 4b, respectively). Hut-102 cells, the
positive control, contained HTLV-I RNA while non-
infected PBL, the negative control, did not contain
any positive signals for HTLV-I RNA (data not

shown). No reactivity was seen in any sample using
the HTLV-I %S RNA pX probe in a sense orientation
(Figure 3d) indicating that the positive signals
observed in HTLV-I infected HFGC cells (Figure
3a,c) or HTLV-I infected HCN-1a cells (Figure 4a)
were specific for HTLV-I tax RNA.
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Figure 4 Colocalization of HTLV-I RNA and neurofilament pro-
tein. The presence of neurofilament-160 protein is indicated by
brown pigmentation of the cell. The presence of HTLV-I tax RNA
indicated by the presence of silver grains (black dots) overlying
cells. (a) Two cocultured HCN-1a cells, with colocalization of
neurofilament protein (brown) and HTLV-I RNA (black dots). The
cell in the left field contains both neurofilament and HTLV-I
RNA and cell in right field is only neurofilament positive. Light
field, 1000x magnification. (b) Non-cocultured HCN-1a cell,
which contains neurofilament (brown) but no HTLV-I RNA. Light
field, 1000x magnification. Counterstained with hematoxylin.

Confirmation of the neuronal phenotype of these
HTLV-I infected cells was determined by combined
immunohistochemistry and in situ hybridization.
The HCN-1a, HFGC, and Hut-102 cells were labeled
with neurofilament-160 antibody which resulted in
brown pigmentation of the neuronal cells (Figure
4a,b), but not the Hut-102 cells. The negative con-
trol antibody, mouse IgG, did not result in brown
pigmentation of any of the tested cells, HFGC, HCN-
1a, or Hut-102 (data not shown). After immunohis-
tochemistry, the cells were hybridized with a
radioactive HTLV-I tax RNA probe to produce silver
grains (black dots) overlying the HTLV-I infected
cells. In this experiment, HCN-1a cells cocultured
with unirradiated Hut-102 cells (same coculture as
in Figure 1b) resulted in double-labeled cells for
neurofilament protein and HTLV-I mRNA (Figure
4a). In Figure 4a, a neurofilament positive, HTLV-I
infected cell can be seen next to a neurofilament
positive, HTLV-I uninfected cell. The non-cocul-

%

Figure 5 Colocalization of HLA class II expression and HTLV-I
RNA on cocultured HFGC cells. The presence of HLA class 11
(HLA Dro) was indicated by the presence of brown pigmentation
and the presence of HTLV-I tax RNA indicated by the presence of
silver grains (black dots). In center field, a cocultured HFGC cell
(arrow) indicates colocalization of HLA class II protein and
HTLV-I RNA. Light field, 1000x magnification. Counterstained
with hematoxylin.

tured cells (Figure 4b) only demonstrated the pres-
ence of neurofilament while the Hut-102 cells only
demonstrated the presence of HTLV-I RNA (data not
shown).

Upregulation of HLA class II surface antigens on
cocultured cells

To study the relationship between HTLV-I infection
and HLA expression, the induction of HLA surface
antigens on these HTLV-I infected neuronal cells
was analyzed using flow cytometry. The HFGC cell
line constitutively expressed HLA class I and low
levels of HLA class II (Figure 2A g,h). After infec-
tion with HTLV-I, there was a slight increase in
HLA class I expression (Figure 2A k) and a more
dramatic increase in HLA class II expression (Figure
2A 1). The HCN-1a cell line, which did not express
HLA class II (Figure 2B c), also upregulated HLA
class II after infection with HTLV-I (Figure 2B f).

In addition to examining HLA surface antigen
expression by flow cytometry, immunohistochem-
istry for HLA class II was combined with HTLV-I in
situ hybridization to confirm that HLA class 11
expression was occurring in HTLV-I infected cells
(Figure 5). The HTLV-I infected HFGC cells were
labeled with HLA-DRao antibody that resulted in
brown pigmentation of positive cells.
Immunohistochemistry combined with in situ
hybridization for HTLV-I tax RNA demonstrated
that many of the HTLV-I infected cells were HLA-
DRa positive (black dots over brown cells) (Figure
5). Similar results were seen with cocultured HCN-
1A cells (data not shown).
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Figure 6 Effect of cytokines on HLA expression. Surface anti-
gen expression was examined with flow cytometry for the
expression of (a) HLA class I (W6/32), and (b) HLA class II
(L.2.34). The data are plotted as fluorescence intensity (x axis)
versus number of positive cells (y axis), 10¢ cells counted per
condition. HFGC cells, alone {large dots), incubated with TNF-o
(100p ml) (small dotted lines), or IFN-y (100p ml) (solid line)
were studied for surface antigen expression after 3 days of culture.

Effect of cytokines '

An important question raised by the HLA upregula-
tion in the HTLV-I infected cells is whether
cytokines present in the culture milieu induced
HLA class II upregulation. Therefore, HFGC cells
were cultured for 3 days with IFN-y (100 u ml-?) or
TNF-o. (100u ml-?), two cytokines known to be pro-
duced by Hut 102 cells. The expression of HLA
class I (Figure 6a) and HLA class II (Figure 6b) on
these cytokine treated HFGC cells was compared to
the expression of HLA class I and class II on an
HTLV-I infected HFGC line. HLA class I expression
was increased in the presence of cytokines (Figure
6a). In contrast, HLA class II expression was not
increased in IFN-y and TNF-a treated HFGC cul-
tures (Figure 6b), although the HTLV-I infected
HFGC line upregulated HLA class II comparable to

s
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Figure 2A 1. Similar experiments culturing HFGC
and HCN cells with Hut-102 supernatant did not
result in the induction of HLA class II (data not
shown). These results demonstrate further that
induction of HLA class II in these HTLV-I infected
neuronal cell lines is associated with HTLV-I infec-
tion and not an effect of cytokines in the cocultur-
ing inoculum.

Discussion

These experiments demonstrate that HFGC and
HCN-1a, neuronal cell lines of non-tumor origin, are
susceptible to HTLV-I infection. Syncytial formation
was observed between adherent neuronal cells and
the smaller non-adherent Hut-102 cells (Figure 1).
Flow cytometry and in situ hybridization confirmed

the expression of HTLV-I surface antigens (Figure 2) -

and the presence of HTLV-I RNA (Figures 3 and 4)
in these HTLV-I infected neuronal cells. The pheno-
type of the infected cells in the cocultures was pure
neuronal in the HCN-1a cell line (Figure 4) and a
combination of neuronal and astrocytic in the
HFGC cell line (data not shown). This information
is summarized in Table 1.

HLA surface antigens were upregulated in both
HFGC and HCN-1a cell lines. HLA class I expres-
sion was increased on neuronal cells in cultures
containing TNF-o or IFN-y (Figure 5). However, the
presence of cytokines was insufficient to induce
HLA class II expression. HLA class II expression
occurred only in neuronal cells infected with HTLV-
I and was associated with the in situ presence of
HTLV-I RNA and/or HTLV-I surface antigen expres-
sion (Figures 2, 5, 6). The HCN-1a cells, a pure neu-
ronal cell line and previously described as only
expressing HLA class I constitutively, are capable of
HLA class II expression after infection with HTLV-I
(Figure 2B). The HTLV-I infected HFGC cell line,
which contains a mixture of fetal neurons and astro-
cytes, only demonstrated an upregulation of HLA
class II expression (Figure 2A). Collectively, the
data presented in this paper demonstrate that neu-
ronal cells can be infected with HTLV-I with a resul-
tant upregulation of HLA expression.

' This is the first demonstration of HLA class II
expression in non-tumorigenic neuronal cells.
Consistent with previous studies (Lampson and
George, 1986; Poltarak et al, 1992), exposure to
cytokines results only in HLA class I expression in
neuronal cell lines. In contrast, cytokines are capa-
ble of inducing HLA class II in microglial cells
(Wucherpfennig, 1994) and astrocytes (Sedgewick
et al, 1991). HTLV-I infection of astrocytes is also
associated with HLA class II expression (Hirayama
et al, 1988; Macchi et al, 1992). Cytokines and
HTLV-I infection may have different potentials for
inducing HLA class II in CNS cells. Current data
demonstrate that only HTLV-I infection of non-
tumorigenic neuronal cells and neuroblastoma cells
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(Lehky et al, 1994) induces HLA class II expression.
The mechanism by which HTLV-I infection modu-
lates HLA class II expression has not been elucidat-
ed. Preliminary data with neuroblastoma cells indi-
cates that HLA upregulation may be HTLV-I tax-
mediated (EP Cowan personal communication).
HTLV-I tax, a transcriptional trans activator within
the pX region of HTLV-], is involved in the activa-
tion of viral (Sodroski et al, 1984; Fujisawa et al,
1986; Seeler et al, 1993) and cellular gene expres-
sion including immediate early genes (Fujii et al,
1988), cytokine genes (Ballard et al, 1988), and the
IL2R gene (Inoue et al, 1986; Reuben et al, 1988).
HTLV-I tax has also been associated with the induc-
tion of HLA class I'in glial cells (Sawada et al,
1990). To date, HLA class II induction by HTLV-I tax
has not been demonstrated directly. Furthermore,
culturing neuronal cells in Hut-102 supernatant did
not induce HLA class II expression indicating that
the presence of soluble viral antigens, including sol-
uble HTLV-I tax protein (Marriott et al, 1991) may
be insufficient to affect regulation of HLA class II
expression.

HLA expression in neuronal cells may have
important implications in disorders which may be
immunopathologically mediated (Wucherpfennig,
1994). HLA surface antigens are not typically
expressed within the CNS (Mauerhoff et al, 1988;
Sethna and Lampson, 1991). However, certain dis-
ease states including HAM/TSP (Umehara et al,
1993; Wu et al, 1993) and multiple sclerosis (Hayes
et al, 1987) can lead to an increased expression of
HLA surface antigens in CNS tissue. HLA class II
expression in HAM/TSP spinal cords are present in
cells within parenchymal lesions and in the
perivascular infiltrates (Umehara et al, 1993). As
expected most of these HLA class II positive cells
are microglial (Umehara et al, 1993; Wu et al, 1993),
though it is possible that other types of CNS cells
may also be expressing HLA class II similar to find-
ings in multiple sclerosis plaques (Hayes et al,

Table 1 Characteristics of neuronal cell lines

1987). HLA class II is an important component of
the tri-molecular complex whereby T-cells, through
their antigen-specific T-cell receptors, recognize for-
eign antigens in association with an appropriate
HLA molecule. Expression of HLA class II on nei-
ronal cells could allow these cells to act as antigen-
presenting cells to stimulate inflammatory lympho-
cytes or alternatively, may be recognized by activat-
ed T-lymphocytes to become targets for immune-
mediated cytokine and CTL activity.

In summary, this study demonstrates that HLA
class II expression can be upregulated in HTLV-I
infected neuronal cells of non-tumorigenic origin.
The induction of HLA class II is dependent on
HTLV- infection though the specific mechanism is
unknown. Further studies are needed to determine
if HTLV-I tax is involved in HLA upregulation and
whether other transcriptional factors (Kelly et al,
1992) may also be upregulated in response to HTLV-
I infection of neuronal cells. Despite the lack of spe-
cific evidence for HTLV-I infection of neuronal cells
in HAM/TSP, the significant degeneration of the
corticospinal tract coupled with the mild degree of
anterior horn neuronal cell loss (Piccardo et al,
1988; Moore et al, 1989; Iwasaki, 1990; Wu et al,
1993) observed in autopsy specimens indicate that
direct neuronal involvement may be operative in
this disease. Ultimately, it will be important to cor-
relate the interaction between HTLV-I infection and
HLA upregulation found in our in vitro system with
findings in the HAM/TSP CNS.

Materials and methods

Cell lines

Two neuronal cell lines were used in these experi-
ments. The first, HFGC, was a human fetal neu-
roglial cell line (a gift of Gene Major, NINDS,
Bethesda, MD) derived from 10 week fetal tissue.
Morphologic and immunohistochemical ‘analysis of
HFGC cell line demonstrated that it contains a mix-

Phen otyi)e

Cell line Source HTLV-I Cell surface antigens
HLA HLA
gp46° RNA(ISH)*  classP classIlP CD4?
HFGC Fetal NF+ - - ++ + -
GFAP+ :

HFGC Fetal NF+ + + ++ > o+t -
(HTLV-I infected) GFAP+
HCN-1a Adult NF+ - - + - -

cortex GFAP-
HCN-1a Adult NF+ + + + + -
(HTLV-I infected) cortex GFAP-

glial fibrillary acidic protein
2 (-) absent, (+) present
b (-) absent expression, (+) low expression, (++) high expression

" HFGC = human fetal cell glial line; HCN = human cortical neuronal cell line; ISH = in situ hybridization; NF = neurofilament; GFAP =



ture of neuronal and astrocytic cells. The second
neuronal cell line, HCN-1a (ATCC CRL-10442;
American Type Culture Collection, Rockville, MD)
has been characterized previously as pure neuronal
cell lines from an adult cortical source (Ronnett et
al, 1990; Poltorak et al, 1992; Truckenmiller et al,
1993). The immunohistochemical characteristics of
the cell lines are summarized in Table 1. The neu-
ronal cell lines were maintained in DMEM medium
(Bio-Whittaker, Walkersville, MD) with 10% fetal
calf serum, 1% glutamine, and 0.1% gentamicin.
The HTLV-I infected cell line was HUT-102, a
human CD4+ T-cell line (Poiesz et al, 1980). The
cells were maintained in a humidified chamber at
37°C, 5% CO,.

Coculture protocol

Neuronal cells were cocultured with HUT-102 cells
according to previously described methods (Lehky
et al, 1994). The HFGC cell line was cocultured at a
1:1 ratio with unirradiated Hut-102 cells. After 7
days of coculture, the cocultured cells were washed
with phosphate buffered saline (PBS) to remove
non-adherent cells. The remaining adherent cells
were removed by adding 0.025% trypsin, incubat-
ing 5 min at room temperature, and then washing
with media containing 10% FCS. In addition to
removing non-adherent cells, Hut-102 cells were
separated from the HFGC cells by use of anti-CD4
coated magnetic beads (Dynal, Oslo, Norway). The
anti-CD4 coated magnetic beads were used at a ratio
of 10:1 of beads to total cell count. The Hut-102
cells bound to anti CD4+ magnetic beads were
removed by use of a strong magnet. This procedure
was repeated to ensure complete removal of the
HUT-102 cells prior to analysis by flow cytometry
or in situ hybridization.

The HCN-1a cells have extremely slow growth
characteristics with a doubling time of over 120 h,
resulting in a relative paucity of cells. Initially, the
HCN-1a cells were cocultured with unirradiated
Hut-102 cells and treated with anti-CD4+ immuno-
magnetic separation to remove the Hut-102 cells
prior to analysis. Since the cell yield from this pro-

cedure was very low, these cells were prepared into.

a thrombin clot for in situ hybridization and
immunochistochemistry. In'order to improve the cell

yield in subsequent experiments, the coculture pro--

cedure was modified to maintain reasonable effica-
cy of infection with minimal cell loss. The ratio of
5:1 (irradiated Hut-102 cells: HCN) was considered
to be the optimal ratio for infection of neuronal
cells, paralleling earlier studies with neuroblastoma
cells which demonstrated that irradiated Hut-102
cells result in a lower efficacy of HTLV-I infection
than the use of unirradiated Hut-102 cells (unpub-
lished data, Lehky). In these cocultures, the adher-
ent cells were washed multiple times with PBS to
remove the remaining irradiated Hut-102 cellular
debris after 5-7 days of coculture.
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Flow cytometry

Cell surface antigen expression was analyzed by
flow cytometry (FACScan, Becton-Dickinson,
Mountain View, CA) as described previously
(Cowan et al, 1991). The number of cells analyzed
by flow cytometry was 10* except when specifically
noted that a lesser number of cells were analyzed
because of low cell yields. The primary antibodies
were: control mouse IgG (Becton-Dickinson,
Synnyvale, CA) used at a dilution of 1:10; anti-
HTLV-I gp46 (monoclonal antibody, Cellular
Products Inc., Buffalo, NY) used at a dilution of
1:100; anti-HLA class I, W6/32 (ATCC HB95, anti-
HLA-A,B,C; American Type Culture Collection,
Rockville, MD) used at a dilution of 1:10; anti-HLA-
DR, L243 (ATCC HB95, anti-human Ia; American
Type Tissue Collection) used at a dilution of 1:10;
and anti-CD4 (Becton-Dickinson) used at a dilution
of 1:10. The secondary antibody was goat anti-
mouse IgG conjugated with fluorescein isothio-
cyanate (FITC), (dilution 1:300) (Cappel, West
Chester, PA).

In situ hybridization

The protocol for in situ hybridization was described
previously in detail (Fox and Cottler-Fox, 1993;
Lehky et al, 1994). The cells used for in situ
hybridization were prepared in a thrombin clot
(Cottler-Fox and Fox, 1991) with 0.25 ml A+ plasma
and 0.1 ml thrombin, fixed in 4% paraformalde-
hyde, embedded into paraffin blocks, and placed on
sialinized slides (American Histolabs, Gaithersburg,
MD). The sense and antisense 35S RNA probes were
derived from a 1.8 kb segment with the pX region of
the HTLV-I genome (Semmes and Jeang, 1992)
(Loftstrand Labs Ltd., Gaithersburg, MD; permission
of Scott Koenig, Medimmune, Gaithersburg, MD).
This riboprobe was prepared into a plasmid vector
and transcribed in the antisense or sense configura-
tion with a T, or Sp, RNA polymerase, respectively.
The specific activity of the 3°S-labeled riboprobes is
2 x 10° dpm pl-*. Hybridization was performed in
50% formamide with dextran sulfate at 45°C,
overnight. After several high stringency washes, the
slides were dipped in NBT-3 and incubated for 4-6
days in a light-tight box before being developed.
The cells were counterstained with hematoxylin
and eosin.

Immunohistochemistry

Thrombin clots of cells were prepared as described
above, embedded in paraffin, and placed on sialin-
ized slides. Immunohistochemistry was performed
prior to in situ hybridization (Shivers et al, 1986).
The specimens were deparaffinized and incubated
with 10% fetal calf serum/0.2% triton in PBS for 1
h at room temperature. They were incubated with a
primary antibody at 4°C overnight in a humidified
chamber. This was followed by incubation with a
biotin-conjugated secondary antibody (4°C,
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overnight), and avidin-biotin complex (room tem-
perature, 2.0 hours) (Vectastain, Burlingame, CA).
Biotin-labeled antibodies were detected with
diaminobenzidine (Sigma, St Louis, MO). The pri-
mary antibodies were: anti-neurofilament-160
(Clone BF10, Boehringer-Mannheim) used at a dilu-
tion of 1:5; anti-DRo (monoclonal HLA class II
determinant, Dakopatts) used at a dilution of 1:20;
and mouse IgG (Ex alpha, Boston, MA) used at a
dilution of 1:10. The secondary antibody was
biotin-conjugated goat anti-mouse (Vectastain), used
at a dilution of 1:200. The cell were counterstained
with hematoxylin. Washes between each step were
done with PBS containing 0.018% diethylpyrocar-
bonate (DEPC, Sigma), a ribonuclease inhibitor. The
antibody preparations contained 280 p ml-? of
RNase inhibitor (from human placenta, Boehringer-
Mannheim), and were diluted in DEPC-treated PBS.
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