
Journal of Cellular Biochemistry Supplement 36:162±169 (2001)

Zinc-a2-Glycoprotein Hinders Cell Proliferation and
Reduces cdc2 Expression
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Abstract Zinc-a2-glycoprotein (Zna2gp) is widely distributed in body ¯uids and epithelia. Its expression in
strati®ed epithelia increases with differentiation. We previously showed that Zn a2gp has ribonuclease activity, and that
squamous tumor cells grown on a matrix of Zna2gp were growth-inhibited. Here we demonstrate, both by adding
Zna2gp to the culture medium and, more unequivocally, by stably transfecting SiHa cells with Zna2gp cDNA, that the
introduction of Zna2gp into SiHa tumor cells reduces proliferation. In response to Zna2gp, we ®nd an accumulation of
the cell population in G2/M by ¯ow cytometry, paralleling the reduction of proliferation. In order to distinguish growth
inhibition by cell cycle arrest from that produced by apoptosis or differentiation, we examine by RT-PCR how Zna2gp
affects the expression of genes commonly used as markers of these properties. No changes are observed for PCNA, p53,
c-myc, or bcl-2. Only cdc2 expression responds to Zna2gp, with a reduction of up to over a factor of two. Cdc2 is the
only cyclin-dependent kinase regulating the G2/M transition without redundancy and is required as a rate-limiting step
in the cell cycle. Its increased expression has been directly linked to increased proliferation and decreased
differentiation of advanced tumors; conversely, its downregulation by Zna2gp might hinder tumor progression. J. Cell.
Biochem. Suppl. 36:162±169, 2001. # 2001 Wiley-Liss, Inc.
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Zinc-a2-glycoprotein (Zna2gp) was initially
puri®ed from plasma [BuÈ rgi and Schmid,
1961]; it can be precipitated by adding zinc ions
and it displays electrophoretic mobility in the
a2-region of the plasma globulins, hence its
name. It has been detected in most body ¯uids
[Poortmans and Schmid, 1968; Frenette et al.,
1987; Ohkubo et al., 1990; SaÂ nchez et al., 1992],
in the secretory epithelia of various human
glands [Tada et al., 1991], and in the epidermis
[Lei et al., 1997]. The molecular weight is in the
range 35±41 kDa, depending on variations in
glycosylation among different tissues (mostly
about 12±18% carbohydrate except that semi-
nal plasma is unglycosylated) [Ohkubo et al.,
1990]. The amino acid sequence consists of a
single polypeptide chain of 278 amino acids
[Araki et al., 1988]. The nucleotide sequence,

ascribed to a single active gene and one or two
pseudogenes, differs only in posttranslational
modi®cations for prostate [Ueyama et al., 1993],
breast [Freije et al., 1993], and epidermis [Lei et
al., 1997]. The crystalline structure has been
determined [SaÂ nchez et al., 1997].

Notwithstanding the widespread occurrence
of Zna2gp in different body tissues and thorough
knowledge of its structure, the clues to its
function are fragmentary. Despite considerable
homology with major histocompatibility com-
plex chains, there is no evidence that it plays an
immunological role. Zna2gp has ribonuclease
activity against single-stranded RNA and pre-
ferentially cleaves RNA at its pyrimidine resi-
dues [Lei et al., 1998]. A lipid-mobilizing factor
associated with fat depletion and the wasting
syndrome in cancer patients has been shown to
have the same amino acid sequence as Zna2gp
[Todorov et al., 1998]. Different tumor cell lines
attach and spread on a matrix of Zna2gp to a
varying extent [Takagaki et al., 1994; Lei et al.,
1999].
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Zna2gp has received most attention (epide-
miological, rather than mechanistic) as a puta-
tive clinical marker. Zna2gp expression has
been correlated with differentiation in various
cell types. A signi®cant association has been
observed between Zna2gp levels and the histo-
logical grade of breast cancer tumors, with
higher levels found in well-differentiated
tumors than in poorly differentiated ones
[DõÂez-Itza et al., 1993]. Zna2gp mRNA expres-
sion is lower in oral squamous cell carcinomas
than in normal tissue; among the tumors, it is
highest in the better differentiated ones [Brysk
et al., 1999]; a similar trend pertains in
comparing different kinds of epidermal tumors
(with higher levels in normal epithelia than in
squamous cell carcinomas or Merkel cell carci-
nomas, and higher in the latter than in basal cell
carcinomas) [Lei et al., 1997]. In the normal
epidermis, the Zna2gp protein is expressed in
the most differentiated cells (the granular and
stratum corneum layers); it is not detected in
the proliferating basal cells. Inhibition of pro-
liferation is often associated with the induction
of differentiation, particularly for epithelial
cells (and vice versa). Psoriasis is a T cell-
mediated in¯ammatory disease characterized
by hyperproliferation and aberrant differentia-
tion; Zna2gp is not found in any epidermal cell
layer of psoriatic epidermis [Chen et al., 2000].

MATERIALS AND METHODS

Cell Culture

The cervical SiHa squamous cell carcinoma
cell line was derived from the American Type
Culture Collection. The cells were maintained
in Dulbecco's Minimal Essential Medium, sup-
plemented with 10% fetal bovine serum, peni-
cillin, and streptomycin, and grown in a 5% CO2

incubator at 37�C. Tissue culture media and
fetal calf serum were obtained from Gibco BRL
Life Technologies (Grand Island, NY).

Cell Proliferation Assay

Cell proliferation was measured using a
modi®ed MTT [3-(4, 5 dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide] (Sigma, St.
Louis, MO) cytotoxicity assay [Mosmann,
1993]. Brie¯y, 3�103 cells in 100 ml aliquots of
the growth medium were plated into 96-well
¯at-bottomed microtiter plates. The medium
was replaced after 6 h of incubation at 37�C with
100 ml of fresh medium to which 20 mg/ml of

recombinant Zna2gp had been added. The
control wells received the medium alone. After
24, 48, 72, and 96 h of incubation, 10 ml aliquots
of MTT solution (2 mg/ml in PBS) were added to
each well and the plates were incubated for a
further 4 h. The medium was then removed and
10% DMSO in isopropanol was added at room
temperature to solubilize the formazan crystals.
The optical density (OD) of the wells was
measured at a wavelength of 570 nm with, a
Thermo Max microplate reader (Molecular
Devices, Sunnyvale, CA). Five replicate wells
were used for each assay point in three separate
experiments.

Transfection of Cells With Zna2gp cDNA

Full-length Zna2gp cDNA for transfection
was cloned in our laboratory from a human
epidermal keratinocyte cDNA library [Lei et al.,
1997]. The Zna2gp cDNA was doubly digested
with the restriction enzymes HindIII and XbaI,
then cloned into the expression vector pcDNA
3.1(�) (Invitrogen, Carlsbad, CA) previously
digested with the same enzymes. The empty
vector pcDNA 3.1(�) and the vector containing
Zna2gp cDNA were used for transfection.
Transfection was performed with the TransFast
Transfection Reagent Kit (Promega, Madison,
WI) according to the manufacturer's instruc-
tions. Stable transfectants were selected after
culture of the cells for 2 weeks in the growth
medium containing 400 mg/ml of G418. We have
now grown the transfectants for some 6 months
in the absence of G418 and the cells continue to
express the Zna2gp protein (on Western blots).

Western Blotting

Cells transfected with Zna2gp or with the
empty vector were homogenized in DPBS, and
aliquots were analyzed by electrophoresis on
10% SDS-polyacrylamide gels. The gels were
then transferred electrophoretically to a nitro-
cellulose membrane in a buffer of 20% metha-
nol, 25 mM Tris±HCl, and 192 mM glycine. The
blots were quenched in TBST (10 mM Tris±HCl,
pH 8.8, 150 mM NaCl, 0.05% Tween 20)
containing 3% non-fat dried milk, for 30 min,
then washed twice for 10 min in the buffer
alone. The blot was then incubated for 1 h
with a 1:500 dilution of rabbit anti-prostate
Zna2gp IgG [Tada et al., 1991] in 0.5% dried
milk in TBST, then washed twice for 10 min
each with unsupplemented TBST. The blot
was then incubated for 1 h in a 1:500 dilution
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of peroxidase-conjugated sheep anti-rabbit
IgG (Cappel, ICN Biomedicals, Costa Mesa,
CA), and the color was developed by the
ECL (Enhanced Chemiluminescence) kit
(Amersham Life Science, Arlington Heights, IL).

Flow Cytometry

Cultured cells were detached with trypsin,
harvested by centrifugation in culture medium,
and washed twice in PBS. They were then ®xed
overnight in 70% ethanol at 4�C then suspended
in fresh PBS. The ®xed cell suspensions were
incubated with RNase I (1 mg/ml) at 37�C for
30 min; then propidium iodide was added to a
concentration of 50 mg/ml. The cells were
analyzed using a Becton Dickinson FACS
SCAN.

Quantitative Polymerase Chain Reaction Analysis

Total RNA was isolated from the cells using
ultra-pure Trizol Reagent (Gibco BRL). Quanti-
tative RT-PCR was performed using a Clontech
Advantage RT-for-PCR Kit and the Advantage
2 PCR Enzyme System method (Clontech, Palo
Alto, CA) according to the manufacturer's
instructions. The cDNA for the entire popula-
tion of mRNA molecules was ®rst synthesized in
a 20 ml reaction volume by reverse transcrip-
tase using an olig(dT) primer, at 42�C for 1 h.
The cDNA product was then diluted to 100 ml,
and 5 ml aliquots of the diluent were used for
cDNA ampli®cation. The cDNA ampli®cation
was carried out in a 50 ml reaction mixture for 30
cycles with the speci®c sense and anti-sense
primers of cell-cycle-related genes, including
the standard G3PDH as internal control. Each
cycle comprised 30 s at 95�C for denaturation,
3 min at 68�C for annealing, and 3 min at 68�C
for extension. The PCR products were resolved
on 1.5% agarose gels and visualized under
ultraviolet light. The bands were photographed
using an Alpha Imager 2000 (Alpha Innotech,
San Leandro, CA) and band intensities were
estimated using the Alpha Ease 3.3 software.

RESULTS

Zna2gp is Expressed in Transfected Cells

SiHa cells do not normally express the Zna2gp
protein. We transfected SiHa cells with Zna2gp
cDNA using the pcDNA 3.1(�) vector, and have
now established a stable continuous cell line
that synthesizes the Zna2gp protein; it con-

tinues to express Zna2gp some 6 months after
the transfection, producing 2±4 mg of Zna2gp
per mg of cell protein. To con®rm the presence of
endogenous Zna2gp, we homogenized the trans-
fected cells and demonstrated Zna2gp expres-
sion by Western blotting. In contrast,
homogenates of cells transfected with the empty
vector did not express Zna2gp. Zna2gp produced
by the transfected cell line has a slightly lower
molecular weight than Zna2gp isolated from
body ¯uids, probably re¯ecting posttransla-
tional modi®cations (Fig. 1).

Zna2gp Inhibits Cell Proliferation

We investigated the effect of Zna2gp on cell
proliferation by an MTT assay (Fig. 2), compar-
ing the proliferation of untreated SiHa cells (as
controls) with the proliferation of cells trans-
fected with Zna2gp cDNA, or incubated with
recombinant Zna2gp (20 mg/ml) or both. Results
at 10 mg/ml were marginal (not shown). Both
these concentrations are within physiological
limits. The assay results are displayed in Figure
2A; for convenience, they are also replotted as
ratios of numbers of treated-to-untreated cells
(Fig. 2B). Transfection of SiHa cells with Zna2gp
reduced the proliferation to about 65% of the
control cells after 4 days. For untransfected
SiHa cells incubated with exogenous Zna2gp,
the corresponding reduced proliferation was
45%. There was further only a small increase in

Fig. 1. Western blots for Zna2gp expression. Lane 1: Zna2gp
isolated from body ¯uids. Lane 2: homogenates of cells
transfected with the empty vector. Lane 3: homogenates of
cells transfected with Zna2gp.
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growth inhibition for transfectants as against
untransfected cells both treated with exogenous
Zna2gp. The cells were viable in all cases, as
veri®ed by trypan-blue exclusion.

Zna2gp Arrests the Cell Cycle at the G2/M Phase

We examined cell populations by ¯ow cyto-
metry to ascertain at what stage of the cell cycle
Zna2gp impacts proliferation (Fig. 3). The
exposure to Zna2gp resulted in an accumulation
of cells at the G2/M interface. After 2 days of
culture, roughly 14% of the control cells were in
the G2/M phase, as against 20% of the Zna2gp
transfectants and 24% of the exogenously
Zna2gp-treated cells.

Expression of Markers Associated
With Proliferation

We examined, by RT-PCR, the expression of
genes associated with proliferation and apopto-
sis (Fig. 4). Zna2gp had no effect on the mRNA
levels of PCNA, p53,c-myc, or bcl-2. Only cdc2
expression was affected; it diminished. For
greater clarity, the cdc2 band intensities are
displayed in Figure 5 relative to the expression
of the controls. In the cells either transfected or
treated with Zna2gp, cdc2 expression is reduced
by about 25±30%; in the cells both transfected
and treated, it is diminished by 55%.

DISCUSSION

Zna2gp is a positive marker for differentiation
of breast [DõÂez-Itza et al., 1993], epidermal [Lei
et al., 1997], and oral [Brysk et al., 1999] tumors.
Differentiation is often (though not inevitably)
associated with growth arrest, particularly for
epithelial cells. This led us to suspect that
Zna2gp might affect cell proliferation. Consis-
tently, although the Zna2gp protein is found in
the outermost (most differentiated) layers of
normal human epidermal cells, it is not seen at
all in psoriatic cells (which evidence hyperpro-
liferation and aberrant differentiation) [Chen
et al., 2000]. Consequently, while characteri-
zing the attachment of a squamous carcinoma
cell line to Zna2gp acting as a matrix protein, we
measured cell proliferation. There was a total
inhibition of growth for the ®rst 2 days; there-
after, proliferation resumed but at a lower rate
[Lei et al., 1999]. These were the ®rst published
observations of a direct impact of Zna2gp on cell
proliferation. They left undetermined where
and how Zna2gp acted, whether through a cell-
surface binding effect or after penetration
inside the cell.

The ®rst purpose of the present study was to
demonstrate that the introduction of Zna2gp
into the cells results in reduced proliferation, by
incubation of the cells with Zna2gp and, more

Fig. 2. Effect of Zna2gp on cell proliferation, by MTT assay. A:
Growth curves for: (®lled circles) untreated SiHa cells (controls);
(open circles) cells transfected with Zna2gp cDNA; (®lled
triangles) untransfected cells incubated with recombinant

Zna2gp (20 mg/ml); (open triangles) transfected cells incubated
with Zna2gp. B: Same data replotted as ratio to controls. Note
that time scale does not start at 0.
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unequivocally, by transfection of the cells with
Zna2gp cDNA. The SiHa human cervical epithe-
lial squamous cell carcinoma cell line does not
normally express the Zna2gp protein. We trans-
fected SiHa cells with Zna2gp cDNA and
established a cell line which continues to
express the Zna2gp protein some 6 months after
its transfection; it produces 2±4 mg of Zna2gp/
mg of cell protein.

We have shown here that Zna2gp slows the
proliferation of the SiHa cell line (Table I). It
does so whether the cells are transfected with
Zna2gp cDNA or Zna2gp is added exogenously to
the culture medium. At 20 mg/ml of culture
medium, exogenous Zna2gp induced greater
reduction of proliferation than did transfection
with Zna2gp cDNA, presumably indicating that
more Zna2gp entered the cells during incu-
bation than was endogenously produced by
transfection. Compounding transfection with
incubation with Zna2gp resulted in little addi-
tional reduction of proliferation, suggesting

that Zna2gp impacted proliferation by the same
pathway in either mode of introduction of
Zna2gp and that we approached saturation of
this effect.

What stage of the cell cycle is affected? We
found by ¯ow cytometry an increase of the SiHa
cell population in the G2/M phase upon Zna2gp
enrichment (whether by transfection or by
exogenous treatment). The accumulation of
cells in G2/M paralleled the reduction of
proliferation: it was highest for transfected cells
treated with Zna2gp, a bit less for control cells
treated with Zna2gp, still less for transfected
cells not treated with Zna2gp, and least for the
untreated controls (Table I).

In order to distinguish inhibition of prolifera-
tion by cell-cycle arrest from that produced by
apoptosis or differentiation, we examined by
RT-PCR the expression of genes in common use
as markers of proliferation, differentiation, and
apoptosis. Gene expression of PCNA, a nuclear
protein whose expression is correlated with the

Fig. 3. Cell Cycle phase distributions by ¯ow cytometry. A:
untreated SiHa cells (controls); B: untransfected cells incubated

with recombinant Zna2gp (20mg/ml); C: cells transfected with
Zna2gp cDNA; D: transfected cells incubated with Zna2gp.
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S-phase of the cell cycle [Celis and Celis, 1985],
is not affected by Zna2gp. We do not observe any
alteration of p53 expression when the cells are
treated with Zna2gp. The tumor suppressor p53
and its mutants are oppositely associated with
apoptosis (and concomitant changes in prolif-
eration) in the late G1 stage [Donehower and
Bradley, 1993]. The overexpression of wild type
p53 in tumor cells can result in suppression of
proliferation, induction of apoptosis or induc-
tion of differentiation. In vitro, levels of p53
appear to be downregulated in cells induced to
differentiate. As with p53, we see no alteration
of c-myc expression in cells treated with Zna2gp.

The c-myc oncogene is a regulator of cell growth
and differentiation which is activated in human
cancer. Its enforced expression drives quiescent
cells into the S-phase of the cell cycle when they
are cultured in the absence of growth factors.
Induction of inappropriate cell cycle progres-
sion by c-myc is accompanied by induction of
apoptosis [Evan et al., 1994]. These opposite
roles of c-myc in cell growth and cell death may
re¯ect its ability to modify the expression of bcl-
2; apoptotic cell death induced by c-myc is
inhibited by bcl-2 [Bissonnette et al., 1992].
The effects of bcl-2 on cell proliferation and
apoptosis are separable [Huang et al., 1997].
The bcl-2 protein phosphorylates cdc2 during
the G2/M phase transition, leading to growth
arrest without apoptosis [Furukawa et al.,
2000]. The expression of bcl-2 is unaffected by
Zna2gp.

TABLE I. Impact Upon SiHa Cells of
Incubation With Recombinant Zna2gp and

of Transfection With Zna2gp cDNA

% Inhibition
of

cell growth

%
Increase in
G2/M cells

% Increase
of cdc2
mRNA

No Zna2gp (control) 0 0 0
Incubation 55 69 38.5
Transfection 36 62 34.5
Transfec-
tion�Incubation 62 108 60.7

Fig. 4. Gene expression of markers of proliferation and
apoptosis, by RT-PCR, as indicated (including G3PDH as
control). Lane 1: untreated SiHa cells (controls). Lane 2:
untransfected cells incubated with recombinant Zna2gp (20
mg/ml). Lane 3: cells transfected with Zna2gp cDNA. Lane 4:
transfected cells incubated with Zna2gp.

Fig. 5. Gene expression of cdc2 in SiHa cells transfected and/
or treated with Zna2gp, relative to the expression of the
untreated controls (from densitometer scans of data shown in
Fig. 4).

Zinc-a2-Glycoprotein Slows Proliferation 167



Only cdc2 showed a response to Zna2gp, a
reduction of up to over a factor of two (Table I),
again with the greatest effect for the cells both
transfected and exogeneously treated. cdc-2
kinase is a key regulator of the cell cycle. It is
the only cyclin-dependent kinase speci®cally
regulating only the G2/M transition [Ito et al.,
2000] and is required as a rate-limiting step in
the cell cycle [Draetta, 1990]. The cdc2 gene
encodes a 34 kDa protein kinase catalytic
subunit (p34cdc2) that is required for the transi-
tion from DNA replication in S phase to entry
into mitosis (M phase). Levels of both cdc2
and p34cdc2 decline during differentiation
[Norbury and Nurse, 1989]. Although transcrip-
tional control is important in determining the
level of cdc2, other forms of control such as
regulation of mRNA stability may also be
involved [Dalton, 1992]. Endogenous ribonu-
cleases impact the quantity and stability of
RNA. We have reported that Zna2gp has
ribonuclease activity which preferentially
cleaves ssRNA substrates and is pyrimidine-
speci®c [Lei et al., 1998].

In normal epidermal keratinocytes, Zna2gp
gene expression has been correlated with
markers of cellular differentiation [Brysk et al.,
1997]. The Zna2gp protein (referred to as
desquamin until its recent identi®cation with
Zna2gp) was extracted from the stratum cor-
neum of normal human epidermis [Brysk and
Rajaraman, 1992] but could not be detected in
cultured cells, whose less advanced differentia-
tion does not extend to completion of the
stratum corneum. The incubation of such cells
with Zna2gp in an optimal medium extended
their maturation to the disappearance of nuclei
and the formation of large squames [Selvanaya-
gam et al., 1998]. The proliferation effects
reported in the present study occur much earlier
in the cell cycle than the stage at which the
Zna2gp protein is detected in normal epidermis,
let alone a tumor cell line. There is no indication
that adding Zna2gp impacts the early stage of
differentiation at that point in the cell cycle (p53
and c-myc are both unaffected). This study does
not model the role of endogenous Zna2gp in cell
development. It was motivated by interest in
the potential of Zna2gp (at a dosage within
physiological limits in normal tissue) as an anti-
proliferative tumor agent.

Our results show that Zna2gp slows cell
proliferation, apparently without involving
apoptosis or differentiation. There is no evi-

dence that Zna2gp affects proliferation before
the G2 phase; its impact seems to be associated
with G2/M transition. Relatively high levels of
Zna2gp are found in body ¯uids (1±100 mg/ml)
and in normal epithelia (1±75 mg/g). The
expression of Zna2gp is much lower in tumors
than in their normal tissue counterparts.
Perhaps, Zna2gp functions as an antitumor
surveillance agent that slows tumor cell growth.
Arresting damaged cells at the G2/M transition
may diminish cell division in those cells that
contain mutations or DNA damage. Interest-
ingly, cdc2 is strongly upregulated with
increased malignancy [Yamamoto et al., 1998;
Ito et al., 2000]; conversely, its downregulation
by Zna2gp might hinder tumor progression.
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