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Decreased expression of the high-mobility group protein T160 by
antisense RNA impairs the growth of mouse fibroblasts
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Summary — The T160 protein belongs to the HMG-1 box protein tamily and preferentially binds o non-B-DNA conformations with no
sequence specificity. Its exact role has yet to be defined. though it seems to participate in processes involving DNA. such as replication.
transcription and recombination. We have used an antisense RNA strategy to investigate 1ts role in cell growth and proliteration. T160
expression is strongly suppressed by stable introduction of an antisense construct into NIH3T3 cells. and this decrease is accompanied by
substantial changes in the growth properties of the stable ranstectants. Impaired growth of T160~ cells was mainly related to two mechanisms:
1) decreased rates of cell proliferation at normal serum concentration: and 1) occurrence of cell death by apoptosis at low serum concentration,
as demonstrated by both tflow cytometry and microscopy. The finding that decreased T160 availability affects cell proliferation. provides

further evidence of its involvement in a basic cell function. such as DNA replication.
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Introduction

The high mobility group protein HMG1/2 family has been

divided into two subfamilies according to the number of

HMG domains, their specificity ol sequence recognition
and their evolutionary relatedness |1, 2|. The first subfumuily
comprises the HMGI/2 proteins and is present in all cell
tissues, It contains many HMG domains and preferentially
binds to non-B-DNA conformations, such as B-Z junctions,
stem-loops, cruciforms, four-way junctions, and cisplatin-
modified DNA with no sequence specificity |3, 4]. The second
subfamily includes the lymphoid enhancer-binding factors
LEF-1 and TCF-1, has a single HMG-box domain, interacts
with specific nucleotide sequences (A/TA/TCAAAG) and has
a restricted cell-type distribution [5, 6].

It is already clear that the HMG-box sequence is an im-
portant, evolutionary conserved and versatile DNA-binding
motif required for transcriptional regulation of key cellular
pathways, such as the processes of DNA replication, nucleo-
some positioning and chromatin organization, though the
mechanisms involved are uncertain |7, 8.

*tCorrespondence and reprints

We have previously described the nuclear tactors binding
to the interferon-stimulated response element (ISRE) of the
Ifi 200 genes {9, 10]. Besides the ISGF3 complex that ap-
pears to be primarily responsible for transcription activation
by IFN, another protein belonging to the HMG-1/2 tanuly
seems capable of binding the ISRE [11]. Nucleotide se-
quencing has revealed that it is identical to the mouse
HMG I -related DNA-binding protein T160 isolated with the
V-(D)-J recombination signal probes [ 12]. This protein was
specific for 12-bp spacer signals and failed to bind o a
sequence with a base change in the third position of the
heptamer. It was therefore inferred that the T160 protein
could be specifically involved in the V-(D)-J recombination
process that leads to immunoglobulin production by B lym-
phocytes and development of the antigen receptor by T lym-
phocytes. However, DNA binding by the T160 protein
could only be detected with Southwestern blot analysis; the
in vitro translated material could not be demonstrated (o
bind DNA according to electrophoretic mobility shift and
DNA footprinting analysis; lastly, the T160 mRNA was ex-
pressed not only in lymphoid cells, but also in fibroblasts,
which are very unlikely to undergo V-(D)-J recombination.
The human homologue was isolated by screening a mature
B cell ¢cDNA library with a platinated (non-joining-signal)
DNA probe and found to be ubiquitously expressed at the
mRNA level [13]. The T160 yeast homologue, designated
Pob3 on account of its capability to interact with the DNA
polymerase 1, has been knocked out and the phenotype was
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lethal | 14]. Although these studies shed some light on the
hinding characteristics of the T160 protein, they have not
shown whether it is concerned in any cellular tunction, such
as proiiferation, differentiation, involvement in the IFN re-
sponse or in virus replication.

Mo address this question we decided to suppress T160
expression by using antisense RNA technology. which has
greatly facilitated the understanding of protein function in
the context of its normal counterpart. In this study, we show
that sustained down-regulation of endogenous T160 ex-
pression in NIH3T3 cells significantly alters their growth.

Materials and methods

Cells

The parental NIH3T3 cell line and its transfected clones were cul-
tured in Dulbecco minimal essential medium (DMEM) sup-
plemented with 10% donor calt serum (DS) (Gibeo/BRL).
G4 18-resistant cells were selected and maintained in the same me-
dium containing G418 at 0.8 mg/mL. (Gibco/BRL).

Construction of the antisense vector

The antisense expression vector pcDNATasT160 was constructed
by inserting the T160 cDNA into pcDNAL expression vector (In-
vitrogen, San Dicgo. CA) in the opposite orientation to the cyto-
megalovirus (CMV) promoter, thereby allowing constitutive
expression of antisense T160 mRNA. The T160 ¢DNA fragment,
Avrll-BsU361, 2250 bp in leagth, was ligated into the EcoRV site
of pcDNALI after Klenow filling,

Transfections and DNA amplification (PCR)

DNA transtections in NIHAT3 cells were performed by the calcium
phosphate precipitation technigue madified according w Jordan ¢
al | 18], To obtain stuble transtormants, 8 x 10X NIHAT3 cells were
cotransfected with peDNALasTIO0 (15 pg) and the plasmid
pSToeoB (0.3 pg), contining the ncomyein resistunee gene under
the control of the simian vieus 40 early gene promoter [ 16]. Stable
transtectants were selected by the addition ol G418 (0.8 mg/mL).
Resistant clones were isolated from the parental line by limiting
dilution, Amplitication of fragments from the T160 cDNA was per-
tormed with the Hybaid thermal cyceler using cloned Taq polymer-
ase (Dynazyme). The protocol was composed of 35 cycles at 92°C
for | min, $5°C tor | minand 72°C for | min, with a final extension
of 10 min at 72°C, Oligonucleotides were selected to discriminate
amplified products of the transtected ¢cDNA from the endogenous
T160 gene. The coding primer was positioned in the T7 promoter
ol pcDNAL and the non-coding primer in the SP6 promoter. Thus,
the predicted size of the amplhified fragment from the transfected
¢DNA was 2300 bp.

Imnmunoblotting

Cells were washed with phosphate-buftered saline (PBS) and dis-
rupted in cold lysis bufter (125 mM Tris HCL, pH 6.8, 3% SDS. 10
mM DTT. 10% glycerol and protease inhibitors) and briefly soni-
cated. Insoluble material was removed by centrifugation. Proteins

were electrophoresed through 8.5% SDS-PAGE. and clectrotrans-
ferred to PVDEF membrane (Amersham). Immunoblots were
blocked with 5% non-fat milk for 2 h at room temperature and then
incubated with affinity purified rabbit polyclonal antibody (diluted
1:3000) recognizing the N-terminus moiety. Goat anti-rabbit 1aG-
horseradish-peroxidase conjugate was used as second antibody at
a dilution of 1:3000 and detected by ECL (Amersham}. Monoclo-
nal anti-actin antibodies (Bochringer) were used as internal control.

Cell growth

Cells were seeded at 10¥%cem? into a 24-well plate in DMEM con-
taining 10% DS, and shifted after 24 h to DMEM-0.5% DS tor 48
h. The medium was then renewed (time O, t0), halt of the cultures
being placed in 10% DS and the other half in 0.5% DS. At the
indicated times, cells from duplicate wells were trypsinized, com-
bined with any floating cells, pelleted and counted. The trypan blue
exclusion test was routinely performed. More than 300 cells for
cach time point and experimental condition were scored to evaluate
the proportion of cells with a feaky plasma membrane. These were
subtracted from total counts.,

DNA distribution and physical parameters by flow cxtometry

DNA staining was performed as previously described [17, 18]
Cells were harvested by trypsinization, washed with ice-cold PBS,
and fixed in 70% ice-cold ethanol for at least 30 min. After cen-
tritugation, cells were incubated at room temperature in the
presence of DNase-free RNase (type 1-A) and propidium iodide
(PI) at final concentrations of 0.4 and 0.18 mg/mL respectively.
Fluorescence was measured with a FACScan flow cytometer (Bece-
ton & Dickinson, Mountiain View, CA) equipped with a 488-nm
argon laser. Two filters were used to collect the red fluorescence
due to Pl staining of the DNA, one transmitting at 385 nm with a
bandwidth of 42 nm (FL2), the other transmitting above 620 nm
(FL3). FL2 and FL3 were registered on a linear and a log scale
respectively. Forward (FSC) and side (SSC) light scatter were
measured as well. Approximately 107 cells were analyzcd for cach
sample at a flow rate of about 200 cells/s. Debris was excluded
from the analysis by raising the FSC and FL3 thresholds to ex-
perientally selected values [19]. The percentages of cells in Gy,
S, and G/M were determined by analysis with the Celllit computer
program provided by Becton & Dickinson,

Cytochemical idenmtification of apoptotic cells by in sint nick
end-labeling

DNA breaks were detected as described by Fehsel er al [20] with
a few modifications. NIH3IT3 cells grown on cover glass were
washed with PBS, fixed for 20 min at room temperature in 3.7%
formaldehyde, washed in Tris-EDTA buffer. pH 8 (10 mM Tris-
HCL pH 8, I mM EDTA) then equilibrated with nick translation
butter (10 mM Tris-HCI, 5§ mM MgCl:, 7.5 mM DTT, pH 7.5).
Nick end-labeling was performed by incubating samples for | h at
room temperature with digoxigenin-DNA labeling mixture (Boehr-
inger) and £ coli DNA polymerase 1 (0.5 U/sample) (Biolabs) in
the same buffer. The reaction was stopped in enriched Tris-EDTA
buffer pH 8 (10 mM Tris-HCL, pH 8. 5 mM EDTA). After per-
meabilization with Triton X-100, digoxigenin-labeled DNA was
revealed by an enzyme-linked immunoassay. Coverslips were
incubated with an alkaline phosphatase-conjugated anti-digox-
1igenin antibody, followed by an enzyme-catalyzed color reaction



cmploying S-bromo-4-chloro-3-indolyl phosphate (X-phosphae,
Sigma) and nitroblue tetrazolium salt (NTB. Sigma). which pro-
duces insoluble blue precipitates. To exclude non-specilic staining.
negative controls were performed i which cither DNA polymierase
or anti-digoxigenin antibody were onitted. Coverslips mounted
with Mowiol (Calbiochem) were observed with a Dialux 20 micro-
scope (Leitz).

Results

Stable expression of Ti160 antisense RNA in NIH 373
cells decreases HMG T160 expression

Since transient expression of antisense RNA did not reduce
the steady-state level of T160 (data not shown). probably
because of its long half-lite, we decided to generate stable
transfectants in NIH 3T3 cells by using the pcDNAT cuka-
ryotic expression vector carrying the antisense T160 ¢cDNA.
The resulting construct pcDNATasT160, which expresses
T160 antisense RNA, was cotransfected with pSTneoB into
NIH 3T3 cells. Empty pcDNAT together with pSTneoB was
transfected into NIH 3T3 cells as control. Geneticin resis-
tant clones were isolated by the limiting dilution assay, and
the presence of the antisense HMG T160 construct was
monitored by PCR amplification with genomic DNA. The
choice of the two primers allowed us to discriminate be-
tween amplification of the transgene and that of the en-
dogenous T160 gene (see Materials and methods). To
determine if NIH 3T3 cells transfected with antisense T160)
construct had an altered level of T160 protein, Western blot
analysis was performed on total cell extracts from 10 inde-
pendent Neok cell clones transfected with pcDNA TasT1H60).
Although total suppression of T160 was never achieved., we
selected three clones (T160 .1, T160 .2, T160 .3) which
had a substantially lower level of T160 protein compared to
the Neok clones Neot | and Neo+2 (fig 1, upper panel). Den-
sitometric analysis ol the fabeled bands indicated that the
magnitude of the reduction was about 60%. Actin immu-
nodetection, used as internal control, showed that the
steady-state level of this protein was not affected (fig 1,
lower panel).

Expression of T160 antisense RNA increases serum
dependency

Preliminary evidence suggested that T160 could be in-
volved in DNA replication and hence in cell proliferation
[21]. To investigate whether antisense T160 RNA modu-
lates cell growth, the T160- clones and the matching Neo*
clones were seeded at equal densities and grown for 24 h in
DMEM containing 10% DS, then shifted to medium con-
taining 0.5% DS for 48 h to synchronize cells in GO/GI.
The medium was then renewed (10) and a set of cultures was
maintained for 5 days in DMEM supplemented with 0.5%
DS. while another set was shifted back to 10% DS (fig 2).
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Fig 1. Western blot analysis of cell extracts from both Neo® and
THO0  cells. Western blot analysis of cell extracts from T160  or
Neot clones. Fifty pg of total cell protein extracts were separated
by gl electrophoresis and blotted onto nitroc 2 Hulose. The presence
of T160 was detected with a rabbit polyclonal antibody recognizing
its N-terminus. The membrane was then incubated with horseradish
peroxidase-conjugated secondary antibody and visualized with an
ECL kit (Amersham). Immunodetection ot actin using a monoclo-
nal antibody (Boehringer) was performed as internal control. Lunes
-3:TI60 .1, T160 .2 and T160 .3: lanes 4. 5: Neo*. 1 and Neo™.2.
respectively. Numbers on the left are sizes of molecular mass nar-
kers (KDa).

Since the density of the TIoO  cultures at t0 was signifi-
cantly lower (about halt) than that of the Neo* clones (see
section below), cell densities were normalized att0) and data
expressed as relative cell number for an casier comparison,
The rate of growth oi the Neor clones in 10% DS (fig 2A)
did not significantly differ from that for non-transfected
control NIH 3T3 cultures {data not shown) and a plateau
state was soon achieved. In comparison, growth was some-
what stunted for T160 clones (fig 2B). which increased in
number at definitely reduced rates (in spite of the lower
initial density), and by day 5 reached lower densities (less
than half), and showed no plateau phase. An even sharper
difference between Neo+ and T160  clones was observed in
0.5% DS, while the former showed some growth during day
[, then maintained the same density up to day 5. the later
steadily decreased in numper throughout the observation
period. This finding clearly indicated that, under conditions
of serum deprivation. cell death was occurring in the T160
clones, and prompted a more detailed analysis of this phe-
nomenon.

Serum deprivation affects survival of T160 celly

Neot and T160 clones seeded at equal densities were
grown for 48 h in DMEM-10% DS, then shifted 10 0.5% DS
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Fig 2, Growth of Neot and T160 cells, Neot. 1, Neot.2 (A) and T160 -1, TI60 .2 (B) clone growth curves. Neot and T160 - cells, seeded
at equal densities, were maintained in DMEM supplemented with 10% DS for 24 h, then shified 1 0.5% DS for another 48 h. At time 0 (end
of serum deprivation) the medium was changed, a set of cultures being shifted again to 10% DS (full symbols) and another set being maintained
in low serum (open symbols), Each point represents the average of duplicate cultures (cell counts in triplicate). Data, normalized at 1), reler

O 4 representative experiment,

tor up 1o 24 h, The histograms of figure 3 illusteate their
DNA distribution profiles before and after serum restric-
tion, After 48 h in 10% DS, their cell cycle distributions
were much the same, After 24 hin 0.5% DS, however, while
virtually all of the Neo* cells had accumulated in GO/G
(not differently from other 3T3 cells) [17]. the proportion
of T160- cells in this phase was 65% and a significant frac-
tion was still in S and G2/M. Furthermore, a subpopulation
characterized by both reduced size (FSC, not shown) and

subdiploid DNA fluorescence, which are features typical of

cells with a fully developed apoptotic phenotype, emerged
in the T160- clones only [22-24].

Figure 4 provides further information on the time-course
of this cell death process in T160- clones, as evaluated by
monitoring the reduction of DNA fluorescence 10 subdi-
ploid levels combined with shifts of the SSC, which showed
an early increase and a subsequent marked drop {17, 24|.
Apoptotic death was already detectable after 3 h and par-
ticularly prominent atter 6 h of serum deprivation.

We next examined the effect of serum deprivation micro-
scopically on preparations either stained with DAPI to de-
teet chromatin condensation (not shown) or processed for
in it 3’-OH-nick end-labeling to detect DNA fragmenta-
tion. A direct correlation was found between the decrease
of T160 expression and the number of cells showing DNA
fragmentation (fig 5).

Discussion

The experiments described in this paper specifically address
the potential role in cell growth of T160, a member of the
HMG-1 protein family, by examining the ability of an
antisense construct to impair the expression of its gene.
Here we show that T160 expression can be significantly
suppressed by stable introduction of an antisense construct
into NIH3T3 cells, and that this decrease is accompanied by
substantial changes in the growth properties of the transfec-
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Fig 3. Effect of serum deprivation on cell cycle phase dis-
tribution 1n both Neo* and T160- cells. Neo*.1 (A, C) and
T160 .1 cells (B, D). before (A, B) and after «C, Iy 24-h
serum deprivation. The DNA distribution patterns in A and
B are typical of exponentially growing cells. After 24 h of
serum deprivation, in Neot culteres (O) virtually all (95%)
cells had accumulated in the GW/G1L phase: in T166G cul-
tures (1) only 65% of cells were in GO/G L, an o sigintficant
fraction was stull distributed in S or G2/M. and a sub-Gl
arca corresponding to apoptotic cells was evident.

Fig 4. Flow cytometric evaluation of T160- cell death
clicited by serum deprivation. Contour plots of side light
scitter (SSCY vy DNA fluorescence. A, Exponentially
growing cells in complete medium. B=D. Cells after 3, 6
and 24 h serum deprivation. R1 corresponds to cells with
normal SSC and DNA {luorescence. Upon serum depriva-
tion, a marked. transient increase of SSC was already de-
tectable at 3 h. while an apoptotic subpopulation
characterized by decreased SSC and DNA fluorescence
was particularly prominent at 6 h.



Fig 8§ Light microscopic detection of DNA steand breaks by i i
nick end-labeling, Cells were grown on glass coverslips and serum-
deprived for 6 h: untranstected controls (A) and Neo* cultures (B)
show rare labeled cells, while many strongly positive nuclei are
evident in T160 cultures (€) (scale bar, 10 um),

s, Impaired growth of T160- cells was mainly related to
two mechanisms: i) decreased vates of cell proliferation; and
i) occurrence of cell death. At 10% serum concentration,
which is udequate to support optimal growth of control
cells, suppression of T160 protein expression resulted in a
significant reduction of the growth rate in the monolayers,
whereas u substantial net loss was observed at 0.5%. This
negative growth contrasted with the ability of the Neot
clones to maintain a steady growth state or even slightly
increase in number in 0.5% serum. Therefore, a restriction
in T160 expression impaired cell proliferation at serum con-
centration, adequate to support at least the survival of con-
trol cells. Further support to these conclusions comes from

the finding that transient transfection of T160 cells with a
vector expressing sense T160 under the control of a strong
viral promoter restored the proliferation rate o a level com-
parable to that obtained with Neot cells (data not shown).
This appears to be the first report of an involvement of T160
in cell proliferation and death.

The decreased growth rate of T160 cells at a high serum
concentration did not seem to be associated with their ac-
cumulaiion in any specific phase of the cycle. since their
distribution did not ditfer from that of control cells. At low
serum concentration, death of T160- cells occurred by the
apoptotic mode. as demonstrated by both flow cytometric
and microscopic analysis, including in site nick end-labe-
ling of DNA strand breaks. In cells with a low T160 level,
apoptosis was particularly evident after 6 h of serum depri-
vation, though it also occurred subsequently. Interestingly,
when the clones were exposed to low serum for 24 h vie-
tually all the Neot cells accumulated in the GO/GL phase,
as expected for eells strictly dependent on exogenous fac-
tors for their engagement in the proliferative cycle, though
an appreciable proportion of the T160 - cells were still found
in the S or G2/M phases, pointing to some loosening in their
proliferative controls.,

The exact role of TI60 is unknown. We have recently
observed that it is tightly associated with chromatin and
undergoes post-transtational modifications during certain
phases of the cell cycle (LH and MG, unpublished results).
It is therefore not surprising that its scarcity affects cell
proliferation. Although not further investigated in the pres-
ent work, the possibility that a common basic process links
suppression of T160 expression in NIH 3T3 cells w both
impaired cell proliferation at high serum and enhanced cell
death at low serum is compatible with the present data. Both
phenomena, for instanee, could reflect an increased require-
ment of T160  cells for serum factors needed for both pro-
gression through the cycle and survival (eg see the seminal
paper by Evan er af [25]). On the other hand, by impairing
the optimal functioning of the cell replicative machinery,
the limited availability of T160 protein plus o serum short-
age, could disrupt the normal coordination of the cell cycle
to the point of triggering apoptosis. These two possibilities
are not necessarily alternative. The observation of apoptosis
in low serum is probably not irrelevant, since it is now re-
cognized that this option may be exercised not only at cycle
checkpoints, if genome damage cannot be conveniently re-
paired, but also at phase transitions, whenever incoherent
signaling does not permit further progression through the
cycle [26].

T160 belongs to the HMG-1 box protein family and pref-
erentially binds to non-B-DNA conformations, such as B-Z,
junctions, stem loops, crucitorms, four-way junctions, and
cisplatin-modified DNA with no sequence specificity [11].
Its major target, therefore, appears to be DNA. Its exact role
has yet to be defined. though it seems to participate in pro-
cesses involving structured DNA, such as replication, tran-
scription and recombination. In addition, we have recently



demonstrated that T160 clones that express fow levels of

T160 protein do not support replication of i DNA virus such
as the murine cytomegalovirus [21]0 As yet, it is unclear
what functional role is played by the recognition of iwrregular
DNA structures by HMG domain proteins. However. this
property might be imporiant in various biological processes
that use irregular DNA structures as substrates or generate
them as intermediates, such as DNA replication, DNA re-
pair and recombination {4, 5, 7]. Interference with T160
cxpression greatly disturbs cell growth and this can lead to
programmed cell death. Furthermore, the broad evolution-
ary conservation and in vivo expression pattern of T160
solely in actively proliferating tissues indicate that it may
perform ¢ critical function, very likely related to DNA re-
plication [27]. Targeted disruption of the yeast homologue
consistently results in a lethal phenotype, suggesting that
the T1H60 protein plays an essential role for normal cell eycele
progression | 14].
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