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Abstract—Following interaction with rat spermatozoa and subsequent proliferation
in vitro, Chinese hamster lung fibroblasts synthesized fetal antigen and grew in semi-
solid agar suspension culture but were not tumorigenic in nude mice. Control hamster
cells were consistently negative for these properties even after long-term cultivation in
liquid medium. Admixture with spermatozoa was also found to induce marked
multinucleation and to enhance the cloning efficiency of human tumor (HeLa) cells in
soft agar culture. Sperm-mediated induction of fetal antigen synthesis and anchorage-
independent growth by cultured mammalian somatic cells may thus represent an early
stage in the multi-step sequence leading to malignant transformation. Sperm—somatic
cell culture systems may provide a convenient model system for the study of cell—cell
interactions similar to those which may normally occur in vivo.

INTRODUCTION

AFTER INCUBATION with heterologous sperm,
cultured mammalian somatic cells acquire
antigenic and morphologic characteristics re-
miniscent of those which accompany the pro-
cess of oncogenic transformation [1-4]. Such
alterations include the synthesis of fetal anti-
gen by the progeny somatic cell population
[1, 34], a property frequently associated with
neoplastic transformation [5-7].

In this paper, we present observations on
fetal antigen-positive hamster fibroblasts and
their clonal derivatives. The availability of
these cell lines afforded an opportunity to
evaluate specific consequences of sperm—
somatic cell interactions under controlled in
vitro conditions as well as to study the re-
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lationship of fetal antigen expression to altered
growth properties and cellular transformation.
We furthermore examined the effects of ho-
mologous and heterologous spermatozoa on
the growth pattern of human tumor cells after
co-incubation ¢ vitro. The use of such an in
vitro system may provide an indication as to
the potential consequences of sperm—somatic
cell interactions which normally occur in the
in vive situation.

MATERIALS AND METHODS

Cell culture

Admixture of Chinese hamster lung fibro-
blast (DON) cells with rat sperm and culture
methods have been described [4]. Briefly,
spermatozoa freshly extruded from the vas
deferens of adult Wistar rats were washed in
Brackett’s solution [8] containing 5%, FBS
and mixed with DON cells at a ratio of 15:1
in Ham’s F-12 growth medium. After 2hr at
37°C, the rat sperm-hamster fibroblast in-
cubation mixture was pipetted into 60 mm
Petri dishes for propagation in F-12 medium
supplemented with 209, heat-inactivated FBS
(complete F-12) in a moist atmosphere of 5%
CO,-959%, air. Indirect immunofluorescence
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test of the progeny population 28 days after
admixture revealed a 39 incidence in the
number of hamster cells which expressed cvto-
plasmic antigen reactive with antiserum to
rat fetal tissue [4]. For cloning, a monolayer
culture of hamster cells was suspended by
trypsination, adjusted to a concentration of 10
cellsyml growth medium and 0.1ml of cell
suspension and 0.1 ml of growth medium pip-
etted into each of 96 wells in several Microtest
II Tissue Culture Plates (Falcon Plastics,
Oxnard, Ca.). Those wells containing a single
cluster of about 100 cells after 7 days growth
were marked as clones; 5 days later, the cells
of cach clone were dispersed and seeded to
separatc 33 mm Petri dishes for propagation.
Two clones (A and B) were similarly isolated
from the control DON culture at passage 30.
The human tumor Hela cell line (ge-
nerously provided by Dr. J. Fogh of this
Institute) was grown in MEM supplemented
with 10, FBS, penicillin, streptomycin and
fungizone. Spermatozoa for admixture were
obtained from human cjaculates or ascepti-
cally from the vas defercns of mice and wa-
shed by centrifugation in medium containing,
in g/1: NaCl, 6.55; KCl, 0.30; CaCl,-2H,0,
0.33; NaH,PO,-H,0, 0.003; MgCl,-6H,0,
0.11; NaHCO,;, 3.10; glucose, 2.50; crystal-
line bovine serum albumin, 3.01. In a typical

experiment, 10° HeLa cells werc suspended in

2.0ml MEM containing 2%, fetal bovine sc-
rum, penicillin, streptomycin and fungizonc
and mixed with 1.5 x107 spermatozoa to
vield a sperm:somatic cell ratio of 15:1. This
mixture was incubated with gentle intermit-
tant shaking for 2hr at 37°C and pipetted
into 60 mm plastic culture dishes which con-
tained coverslips  for further propagation.
Scanning clectron microscopy [9] provided
evidence for the penetration or uptake of
human sperm by HeLa cells [3].

Growth properties

Growth in low serum-containing medium
[10, 11] was assayed in 60 mm dishes using
19, FBS-supplemented media; duplicate cul-
tures initially containing 2x 10* or 2x10°
cells, were counted for each time point. Tests
for anchorage-independent growth in semi-
solid medium [12] employved complete F-12-
supplemented Difco—Bacto Nutrient agar with
a 0.5%, underlay and a 0.36°; Bacto—Agar
overlay which held 5 x 10? or 1 x 10* cells in
a typical experiment. Fach cell linc was pla-
ted at least in triplicate. Liquid media cul-
tures were re-established from colonies picked
from agar with a Pasteur pipette 34 days after

initiation of growth, dispersed with trypsin,
and seeded into Petri dishes containing com-
pletc F-12 medium. The tendency to form
multinucleate cells after 5 days exposure to
cytochalasin B [13-16] (final media concen-
trations: 2 pug cytochalasin  B/ml; 0.29
DMSO) was examined essentially as pre-
viously described [13, 16]. A murinc fibrosar-
coma (QUA) induced with 3-methylcholan-
therene [17] and human HeLa cells served as
malignant cell controls. Swiss or BALB/c nude
mice were used to assay for tumorigenicity in
vivo. Animals were examined for 16-20 wecks
for evidence of tumor formation following
subcutaneous injection of 0.2- 1 x 107 cells.
Labelling with *H-thymidine was used for the
detection of mycoplasma in cell cultures by
autoradiography [18].

DNA polymerase assays

Assays for extracellular reverse transcriptase
utilized the procedure of Liebermann and Sachs
[19]. A 10pl sample of 10,000¢ clarificd
tissue culture supernatant fluid was added to
30 ul of reaction mix containing; 2 uM Tris—
HCI, pH 7.8; 6uM NaCl; 0.1 uM MnCl,;
04uM  DTT; 0.0153°, NP40, 5Spug
dT,_,g-poly rA (P-L Biochemicals,
Milwaukee, Wisc.); 0.001 uM TTP and 6 uCi
[*H] TTP (New England Nuclear, Boston,
Mass.). After 30-60 min at 37°C, the re-
actions werce terminated by addition of a 100-
fold excess of ice-cold 3%, trichloroacectic acid
containing 1%, sodium pyrophosphate. Tubes
werce placed on ice for 15min and acid in-
soluble radioactivity determined as described
[20]. Control cells (generously supplied by Dr.
S. Marcus of this Institute) included the non-
virus-producing BALB/c¢ bone marrow fibro-
blast line JLSV-9 and the RV-9 derivative
which produces Rauscher leukemia virus [21,

29,

RESULTS

The DON mass culture and clones A and B
consisted primarily (93°,,) ol mononucleate
cells which grew as monolavers in typical
swirling fibroblastic fashion; 90", of the meta-
phase plates examined (a minimum of 300
were counted) had the normal diploid (2n
=22} chromosome complement of the male
Chinese hamster. These cells were anchorage-
dependent for growth and did not give rise to
tumors upon s.c inoculation into nude mice.
Approximately 509, of the target DON popu-
lation had taken up or were penetrated by at
least one spermatozoan 48 hr alter incubation
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with 15 times as many rat sperm [4]. By
96 hr, 149, of the somatic cells were multinuc-
leate and often displayed extensive cytoplas-
mic vacuolation as compared to the <49,
binucleate and <0.3%, multinucleate cell in-
cidence in control cultures. The tendency to
form giant multinucleate cells appears to be a
common feature of in vitro propagated somatic
cells after their exposure to homologous or
heterologous spermatozoa (Fig. 1) and has

60 a 60~ b
o
3 50 50}
| °
o
O
w 40 40
SO
L i
&= 30 30r
> o
£ *
5 20 & 4 2 20
2 o | o
= . 8
52 10 o 10F
o o hd 7 o g
AR L S T o § 8 g a ? ° .l
2 4 6 8 2 4 6 8
DAYS IN CULTURE
Fig. 1. General tendency of somatic cells to form multinucleate

cells after exposure to homologous and heterlogous spermatozoa-

in vitro. Admixture of systems were as follows: (a) O—mouse
bone marrow fibroblasts/mouse/sperm; T)—Chinese hamsier lung
Sfibroblasts/Chinese hamster sperm; /N—Chinese hamster lung
fibroblasis/mouse  sperm;  @—Chinese  hamster  lung
Sibroblasis/mouse sperm. (b) Corresponding cell lines maintained
under identical in vitro conditions as in (a) but without the
addition of spermatozoa. Admixture systems and sperm
preparations were as described in ** Materials and Methods™ .

been observed previously [1, 3, 4]. This
phenomenon is not unique to normal cells
since the proportion of multinucleate cells in
HeLa cultures 24-72 hr after admixture with
human or mouse spermatozoa was 13-15%,
compared to the 2-39%, seen in control HelLa
populations. By 2 weeks after initial admix-
ture, grossly multinucleate cells appear to die
off and the percentage of polynucleate cells in
sperm-treated cultures approached that in
control populations.

Indirect immunofluorescence test of 30 in-
dividual clones derived from the sperm-
treated DON mass culture showed one, clone
47, to be synthesizing antigen reactive with
antiserum to rat fetal tissue (Fig. 2). Parallel
analyses of DON cultures not exposed to
sperm consistently yielded negative indirect
immunofluorescence tests with this same anti-
serum. To ascertain whether the expression of
fetal antigen by sperm-treated somatic cells
correlated with alterations in their growth
properties, control cells and two clones iso-
lated from the sperm-treated DON population,
clone 47 (fetal antigen-positive) and clone 17
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(fetal antigen-negative), were used in sub-
sequent tests.

Agar culture plating efficiencies (P.E.) of
clones 47 and 17 obtained from rat sperm-
treated DON cells were 0.4 and 1.29%,, re-
spectively. The ager P.E. for control DON
cells which had not been exposed to sperm
never exceeded 0.009%,. A similar increase in
agar suspension culture P.E. was noted in
HeLa cells upon co-cultivation with either
human or mouse spermatozoa. HeLa cells, 2—
4 weeks after initial admixture with sperm,
exhibited agar P.E. 60-809; higher than that
observed in untreated control cultures.
Exposure of HeLa cultures to DNA from calf
thymus or human spleen was without effect
(unpublished observations).

When examined for the tendancy to form
multinucleate cells upon exposure to cytocha-
lasin B, a technique employed to distinguish
normal from neoplastic cells [13-16], DON
cells isolated from sperm-treated or control
cultures, as well as several agar-derived lines
obtained from the sperm-treated population,
failed to vield cells with more than 4 nuc- |
lei/cell after treatment with the drug. Under
identical conditions, 6%, of murine fibrosar-
coma (QUA) and 20%, of human tumor
(HeLa) cells were found to contain 5-9 nuc-
lei/cell after exposure to cytochalasin B, a shift
characteristic of transformed cell lines. Unlike
QUA tumor cells, all of the DON lines stu-
died were incapable of growth in 1%, FBS-
supplemented media (Fig. 3). The growth
properties of the various DON cell lines are
summarized in Table 1. In order to determine
whether viral production accompanied fetal
antigen expression, analysis of DON cell tissue
culture fluid aliquots for retroviral reverse
transcriptase was carried out using Mn?* as
the divalent cation {19]. Under the conditions
of the assay wused, extracellular RNA-
dependent DNA polymerase activity was de-
monstrable only in the culture fluids of RV-9
cells (Table 2) which produces Rauscher leu-
kemia virus.

Thymidine labelling experiments showed all
cultures to be free of mycoplasma contami-
nation during the course of this study.

DISCUSSION

The data reported here suggest that somatic
cells may acquire one or more subsets of the
in vitro properties exhibited by transformed
cells. Interaction with spermatozoa resulted in
the acquisition by the progeny of the target

_cells of at least some of these changes (ex-
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pression of fetal-type antigen and capacity for
growth in agar culture) but not others (ability
to grow in 1%, serum-containing medium or
5
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Fig. 3. Inability of agar-derived DON sub-lines and thewr
parent clonal isolates to proliferate in Ham's F-12 medium
contaiming 1, FBS. Designations of the individual cell
lines are given in legend to Table 1. Growth of murine
Jtbrosarcoma line (QUA) Is included as positive control; cultures
initially contained 2 x 10% cells from each cell line. Similar
resulls were observed in cultures to which 2 x 10 cells were
inttially plated indicating that the DON lines used here were
incapable of growth m 10 serum and lhat his inability to
growe was not merely a  function of low witial  plating
density [42].
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as tumors in nude mice and the tendency to
exhibit a cytochalasin B-induced shift to mul-
tinucleate cell formation). Of particular in-
terest 1s the fact that these target cell changes
were induced after only a single exposure of
relatively short duration to spermatozoa, un-
like the n wvive situation where multiple ex-
posure of female genital tissuc to sperm na-
turally occurs over long periods of time.
Seminal components have recently been
implicated as contributing factors in the ctio-
logy of gynecological malignancies, parti-
cularly cancers of the uterine cervix [23-24].
Although a definite cervical tissue ‘oncogen’
remains to be identified, spermatozoa and
seminal fluid viruses, acting independently or
synergistically as initiators or promotors, arc
rcgarded as potential causative agents [23,
25-27|. Spermatozoa of several mammalian
species, including the human, can penetrate
or be taken up by various tissue-cultured
somatic cells [1, 3, 9, 28] including those
derived from cervical epithelium [26] and
induce morphological and karyological alte-
rations in somatic cells [1-4, 29] that are
stmilar to those induced by carcinogens |1, 3].
Since a single incubation with sperm can
initiate specific transformation-associated eve-
nts within a given somatic cell population in
vitro, it may be reasonable to assume that such
events may also occur in viwe. Formation of
giant multinucleate and fetal antigen-
synthesizing cells, observed in somatic cell
populations after admixture with sperma-

Table 1. Growth properties of hamster lung fibroblasts afler admixture with rat spermatozoa
compared to control normal and tumorigenic cell lines
Population doubling
ume (hr)t
Cells Morphology Agar growth* 200, I'BS 1@, FBS Tumorigenicity
Clone 17 triangular, vacuolated 1.2 12-15 NG ¢ 0/2
Clone 47 large, sprawling 0.4 12-15 NG 0/3
17/68§ triangular, vacuolated agar-derived 12-15 NG 0/3
47/4 spindle-shaped agar-derived 12-15 NG 0/2
47/9 triangular agar-derived 12--15 NG 0/2
DON Mass fibroblastic 0 0/2
Clone A fibroblastic 0.009 12-15 NG 0/2
Clone B fibroblastic 0 0/1
QUA** spindle-shaped 9.1 21-23 40 42 777

*Colonies formed in semi-solid agar medium expressed as percentage of initial plating density.
+In F-12 medium supplemented with either 207, or 19, FBS (v/v); 2 x 10* and 2 x 105 eells plated

in duplicate for cach cell line.

ISubcutancous inoculation into nude mice (0.2-1 x 107 cells per inoculum).

§Agar-derived subline of DON clone 17,
[|Agar-derived subline of DON clone 47.
*No growth.

**Mousce fibrosarcoma cells.
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Fig. 2. Positive indirect immunofluorescence lest for the presence of felal

antigen(s) in a group of methanol-fixed DON cells 48 days after initial

admixture with rat spermatozoa (a) and in clone 47 cells (b) which were

subsequently isolated from the DON/rat sperm parent culture; u.v. microscopy,
x 330.



