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Disturbance of Nuclear Transport of Proteins in CD4+ Cells
Expressing gpl60 of Human Immunodeficiency Virus
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An extensive cytopathic effect occurred in the CD4+ cells expressing gpl60 of human immunodeficiency
virus. A protein capable of nuclear location that was microinjected into such cells was not transported into the
nuclei at an early stage when little cytopathic effect had yet to occur.

The pathophysiology of AIDS is characterized by an
extensive decrease in the number of CD4+ helper-inducer T
cells (6). There is evidence that both the CD4 molecule and
the virus envelope glycoprotein play a role in the cytopathic
effect seen in infected CD4+ cells. For instance, T-cell lines
expressing a high level of CD4 are sensitive to the cytopathic
effects of human immunodeficiency virus (HIV). However,
monocytoid cells, which express a relatively low level of
CD4, are resistant to such cytopathic effects (1, 8). In
addition, a study with recombinant HIV suggested that the
env region contains the determinant of viral cytopathogenic-
ity (13, 20).

In a previous study (11), human CD4+ and CD4- cell lines
were transfected with a constructed plasmid which had the
env gene of HIV under the transcriptional control of the
human metallothionein-IIA promoter; the transfected cells
were then cloned. The CD4+ and CD4- transfectant cell
clones, both of which expressed almost the same amount of
gpl60 after induction with metal ions, were selected and
named U2ME7 and UPME1, respectively. Thereafter, they
were used for an ultrastructural analysis of the distribution
of the envelope glycoprotein within the cells. A notable
finding in this study was the fact that the sites corresponding
to the nuclear pores were occupied with aggregates of gpl60
in U2ME7 cells. Electron microscopy also showed abnormal
morphology around the nuclear pores and their perinuclear
space. In UPME1 cells, however, no aggregates of gpl60 or
any abnormal structures of the nuclear membrane region
were observed. These results support the possibility that
such gpl60 complexes, which accumulate around the nu-
clear pores in CD4+ cells, primarily disturb the transporta-
tion of molecules across the nuclear membranes and result in
a cytopathic effect in CD4+ cells.

In the present study, U2ME7 and UPME1 cells were used
to further examine whether the nuclear transport system is
disturbed and, if so, to establish a possible relationship with
the cytopathic effect induced by gpl60 in U2ME7 cells.
Fluorescein diacetate is taken up by all cells but is hydro-
lyzed enzymatically only in live cells to reveal fluorescence
(16). To determine cell viability, cells were loaded with
fluorescein diacetate and their fluorescence levels were
assessed by fluorescence microscopy (Fig. 1). U2ME7 cells
exhibited bright fluorescence both before (Fig. 1A) and 4 h
after (Fig. 1E) induction; however, there was barely any
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detectable level of fluorescence at 24 h (Fig. 1I) after
induction. This means that U2ME7 cells were still viable at
4 h but dead at 24 h. On the other hand, UPME1 cells
showed a slightly decreased but significant level of fluores-
cence even 24 h (Fig. 1J) after induction as well as before
(Fig. 1B) and 4 h after (Fig. 1F) induction. Although such a
moderate decrease in fluorescence intensity 24 h after induc-
tion in UPME1 cells may indicate a decrease in cell viability,
on the other hand, UPME1 cells were still growing almost
normally 3 days after induction in the previous study (11).
When U937-2 and U937-P, which are the parental cell lines

of U2ME7 and UPME1, respectively, were treated with 20
p,M CdCl2 (Fig. 2), the level of fluorescence from incorpo-
rated fluorescein diacetate did not change significantly be-
tween U937-2 and U937-P cells either before (Fig. 2A and B)
or 24 h after (Fig. 2E and F) CdCl2 treatment. This excludes
the possibility that the injury to U2ME7 cells seen after
CdCl2 induction is due to the extraordinary sensitivity of
their parental cells to CdCl2 toxicity.
The nuclear inner and outer membranes are continuous

with each other around the nuclear pores through which
proteins synthesized in the cytoplasm are transported into
the nucleus (7). Small proteins with molecular sizes of less
than 15 kDa diffuse passively across the nuclear membrane,
whereas the transport of larger proteins through nuclear
pores is regulated by a selective mechanism (4, 5). Although
bovine serum albumin (BSA) (68 kDa) is not easily trans-
ported into the nucleus when it is microinjected into cells,
BSA conjugated with a 13-mer synthetic peptide which
contains an amino acid sequence homologous to the nuclear
transport signal of simian virus 40 T antigen is capable of
migrating into the nucleus (14).
To examine the competence of the nuclear transport

system of U2ME7 cells, BSA conjugated with such a syn-
thetic peptide (BSA-S) was prepared and microinjected into
the cells by the erythrocyte ghost fusion method (Fig. 3).
The migration of proteins was examined by immunofluores-
cence microscopy with sheep anti-BSA antibody and fluo-
rescein isothiocyanate-conjugated anti-sheep immunoglobu-
lin G antibody. BSA carrier proteins themselves were not
transported into the nucleus when they were microinjected
into U2ME7 cells without induction (Fig. 3M). Figure 3N
shows the fluoresence microscopy of U2ME7 cells stained
with fluorescein isothiocyanate-anti-sheep immunoglobulin
G antibody only. When BSA-S was microinjected into
U2ME7 cells without induction (Fig. 3A), the protein was
detected predominantly in the nuclei. However, at both 4 h
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FIG. 1. Determination of viability with fluorescein diacetate.
Cell numbers were adjusted to 2 x 105/ml in RPMI 1640 medium
containing 10% fetal calf serum. Each of the U2ME7 cell suspen-
sions before induction (A and C) and 4 h (E and G) and 24 h (I and
K) after induction with 20 ,uM CdCl2 were treated with fluorescein
diacetate at 5 p.g/ml. After incubation at room temperature for 10
min, the fluorescence levels of the cells were examined by fluores-
cence microscopy (A, E, and I). By the same procedure, the
viability of UPME1 cells was determined before induction (B and D)
as well as 4 h (F and H) and 24 h (J and L) after induction. Panels C,
G, K, D, H, and L show the phase-contrast microscopy of panels A,
E, I, B, F, and J, respectively.

(Fig. 3E) and 8 h (Fig. 31) after induction, when little
cytopathic effect had yet to occur in the cells (Fig. 1E), the
migration of BSA-S into the nuclei had already been exten-
sively inhibited in U2ME7 cells. In UPME1 cells, which do
not exhibit either any abnormal morphology of the perinu-
clear area or cell killing after induction (11), such a distur-
bance of protein transport was not found either before
induction (Fig. 3B) or at 4 h (Fig. 4F) and 8 h (Fig. 4J) after
induction. When a protein of low molecular weight, a 24-mer
synthetic peptide consisting of a sequence irrelevant to the
nuclear localization signal, was microinjected into U2ME7
(Fig. 4A) or UPME1 (Fig. 4B) cells at 4 h after induction, the
passive diffusion of the peptide into the nucleus was easily
detected in both of the cells. These results indicate that in
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FIG. 2. Effect of CdCl2 on viability of parental cell lines. Cell
numbers were adjusted to 2 x 10'/ml. U937-2 cells before (A) or 24
h after (E) the addition of 20 p.M CdCl2 were examined for their
levels of fluorescence intensity after treatment with fluorescein
diacetate as described in the legend to Fig. 1. U937-P cells before (B)
or 24 h after (F) the addition of 20 p.M CdCI2 were also examined by
the same method. Panels C, D, G, and H are the visual light images
of panels A, B, E, and F, respectively.

U2ME7 cells at a very early stage after induction when no
evident cytopathic effect had yet occurred, the nuclear
transport of large proteins, in which an active regulatory
mechanism plays an important role, is selectively inhibited.
The envelope glycoprotein of HIV is synthesized as a

precursor glycoprotein, gp16O, and some of the gpl6O is
cleaved into gpl2O and gp4l in cells infected with HIV (17).
gpl2O is secreted outside the cells. However, gp16O, which is
produced inside the cells, is inefficiently transported to the
cell surface. The majority of gpl6O is also retained in the
endoplasmic reticulum or degraded in lysosomes (18). The
retention of CD4 in the endoplasmic reticulum as a result of
binding with gpl6O has been reported by other investigators
(2, 3, 9). Also, in our U2ME7 cells (CD4,),such intracellular
accumulation of gpl6O bound with CD4 was found, whereas
in UPME1 cells (CD4-), no aggregation of gpl6O was
observed (12). Therefore, in U2ME7 cells, either gp16O-CD4
or gpl6O complexes accumulating in the perinuclear area
may disturb the active transport of proteins through nuclear
pores. The contribution ofCD4 molecules to the inhibition of
nuclear transport appears to be a critical factor because
UPME1 cells not expressing CD4 do not exhibit such a
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FIG. 3. Microinjection of BSA-S into cells. A 13-mer synthetic peptide, CGYGPKKKRKVGG, was synthesized by the method of Lanford
et al. (14). The seven amino acids underlined represent the core sequence for nuclear transport of simian virus 40 T antigen. The peptides were
coupled to a BSA carrier protein as reported by Lanford et al. (14). The coupling ratio was 15 to 17 synthetic peptides per BSA molecule
according to this method (14). BSA proteins conjugated with such synthetic peptides (BSA-S) were trapped in a human erythrocyte ghost by
a method described elsewhere (19). The resulting ghosts (3 x 108) containing BSA-S were fused with cells (3 x 106) by the addition of 50%
polyethylene glycol 4000, 5 ,ug of poly-L-arginine per ml, and 10% dimethyl sulfoxide in RPMI 1640 medium at 37°C for 10 min. The cells were
then washed, resuspended in RPMI 1640 medium, and incubated at 37°C for 2 h to allow the BSA-S to migrate into the nucleus. Using
125I-labeled BSA-S, the amount of BSA-S incorporated into U2ME7 or U2PME1 cells was estimated to be 20 to 30 pg per cell. For detection
of BSA-S inside cells, the cells were spread on a glass slide and treated with 3.7% formaldehyde for 10 min and 0.1% Nonidet 40 for 4 min
at room temperature. After being washed with phosphate-buffered saline, the cell specimens were incubated with sheep anti-BSA antibody
(800x; The Binding Site, Ltd., Birmingham, England) and fluorescein isothiocyanate-conjugated anti-sheep immunoglobulin G antibody
(400x; Cappel, West Chester, Pa.) at 37°C for 1 h each. The following abbreviations are used to describe the panels: the mode of image (f,
fluorescent light image; v, visual light image); cells used (U2, U2ME7; UP, UPME1), and hours after induction. (A) f, U2, 0; (B) f, UP, 0;
(C) v, U2, 0; (D) v, UP, 0; (E) f, U2, 4; (F) f, UP, 4; (G) v, U2, 4; (H) v, UP, 4; (I) f, U2, 8; (J) f, UP, 8; (K) v, U2, 8; (L) v, UP, 8; (M) f,
U2, 0, BSA instead of BSA-S was injected; (N) same as panel M except that the cells were stained with fluorescein isothiocyanate-anti-sheep
immunoglobulin G only; (O and P) visual images of panels M and N, respectively.

FIG. 4. Microinjection of a 24-mer synthetic peptide. A 24-mer synthetic peptide, SYEPSHDGDLGFEKGEQLRILEQS, deduced from
the N region of the Ick cDNA amino acid sequence (10) was microinjected into the cells and examined with anti-Lck monoclonal antibody
(15) by the same method as that described in the legend to Fig. 3. Some small defects of fluorescence in the cells can be seen in the nucleoli.
(A) U2ME7. (B) UPME1.
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disturbance of nuclear transport, although these cells pro-

duce almost the same amount of gpl60 as is produced in
U2ME7 cells. The binding of CD4 to gpl60 may thus
facilitate the retention of gpl60 in the endoplasmic reticu-
lum, or inhibit the degradation of gpl60, or induce some

interaction with other cellular components, thus resulting in
a cytotoxic effect to the cells.
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