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Our laboratory recently reported a sim-
plified method for the maintenance of human
diploid fibroblasts in a nonmitotic state for
extended periods of time (1). The present
study concerns itself with one aspect of the
metabolism of these nondividing cells.

There are numerous reports in the litera-
ture describing the biosynthesis of collagen
and the role of ascorbic acid in human dip-
loid cell strains (2-6), as well as in mam-
malian cell lines (e.g., 7, 8). It was our pur-
pose to determine if nonmitotic human dip-
loid cell populations maintained by our
method had the ability to synthesize collagen
to the same extent as that reported (2, 5,
6).

Materials and Methods. The cells used for
these experiments were derived from human
foreskin material and designated CF-1. These
cells characteristically enter Phase III after
35 = 5 population doublings in vitro (1).
Only intermediate passage level or Phase II
cells were used in these experiments. Cells
were routinely transferred at weekly inter-
vals at a 1:4 split ratio with McCoy’s Medi-
um 7a (9) supplemented with 109 fetal
bovine serum but no antibiotics. Routine tests
for mycoplasma contamination were negative.

For the induction of the nonmitotic state,
confluent cultures were incubated with medi-
um supplemented with 0.5% serum and 25
pg/ml of both penicillin and streptomycin.
These cultures were fed twice weekly. The
medium used for the low serum cultivation
was McCoy’s 7a with no free hydroxypro-
line added. This medium contained either the
normal amount of ascorbic acid, 0.5 ug/ml,
or ascorbic acid was added to a final con-
centration of 50 pg/ml. The nonmitotic na-
ture of cells cultivated in this manner has

been determined previously by autoradiog-
raphy with 3H-thymidine and by the cal-
culation of the mitotic index, which was 0.1%
after 7 days and O after 14 days of cultiva-
tion with medium containing 0.5% serum
(1).

In these experiments, hydroxyproline con-
tent was used as an indicator of collagen con-
tent (4). Replicate cultures were harvested
at the time of addition of low serum medium
to establish a base level of hydroxyproline
in the cell layer. In addition to this, a sam-
ple of fresh medium was taken to determine
the amount of hydroxyproline contributed by
the serum. After 7, 14, and 21 days of in-
cubation in the presence of low serum medi-
um, replicate cultures from both ascorbic acid
treatments were harvested. After washing the
cell layer three times with phosphate buffered
saline, the cells were harvested by the addi-
tion of 10 ml of 0.1 M citric acid (10). An
aliquot of the citric acid suspension was tak-
en for nuclei counts with crystal violet and
for protein determination by the Lowry
method (11). The remainder of the citric
acid suspension was extracted with cold 10%
trichloroacetic acid (TCA). The precipitate
was washed with ethanol and ether followed
by hydrolysis in 0.3 ¥ KOH for 18 hr at
37° and reprecipitation with 109% TCA. The
precipitate was then dissolved in 6 ¥ HCI
and hydrolyzed with refluxing for 18 hr. The
hydrolysate was taken to dryness and redis-
solved in distilled water. Hydroxyproline was
determined on this hydrolysate by the method
of Bergman and Loxley (12). The culture
medium from each flask was taken at the
time of feeding and at the time of harvest
and extracted for hydroxyproline determina-
tion in a manner similar to that described
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TABLE I. Effect of Ascorbic Acid on the Net
Synthesis of Collagen by Nonmitotic Cells.

Incubation ug Hydroxypro-
Ascorbie acid period (days) line/10° cells®

0.5 ug/ml -7 0.63 = 0.05
7-14 0.31 =+ 0.08
14-21 1.27 = 0.27
50.0 ug/ml 0-7 1.73 + 0.49
7-14 1.32 =+ 0.69
14-21 2.69 + 0.28

¢ Values are mean -+ SEM from five experiments
using three different cell populations and represent
the net increase in precipitable hydroxyproline
during the incubation period (final minus initial)
for both cell layer and incubation medium.

above.
" Results. Table I shows the results of the
net synthesis of collagen as determined by
hydroxyproline for each 7-day incubation
period. These values include the precipitable
hydroxyproline contained in both the cell
layer and the incubation medium. Both lev-
els of ascorbic acid showed a net increase in
hydroxyproline during each of the incubation
periods. However, the increase was from 2-
to 4-fold greater in the samples incubated
with the higher ascorbic acid concentration.
The average net increase for the entire 21-
day experimental period was 5.74 pg/10°
cells for the higher ascorbic acid level and
2.21 pg/108 cells for the lower level. These
results, with respect to both the biosynthetic
capability as well as the sensitivity to ascor-
bic acid, are comparable to those reported
in the literature in which human diploid fi-
broblasts were employed (3, 4, 6).
Discussion. The primary purpose for the
development of a system for the cultivation
of nonmitotic diploid cell populations was
for its use in the study of senescence in vitro
(1). The usefulness of such a system de-
pends upon its characterization with respect
to biochemical, physiological, and morpho-
logical parameters. The parameter investi-
gated in the present study, i.e., synthesis of
collagen, compares well with published re-
ports that have employed other human dip-
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loid cell systems (2-6). The CF-1 cells,
while having lost temporarily their ability
to divide due to cultivation with medium con-
taining 0.5% serum, have retained the abili-
ty to synthesize hydroxyproline (collagen).
This biosynthetic capability is maintained
for an extended time and is sensitive to as-
corbic acid concentration as shown in Table
I. These results offer a preliminary indica-
tion that cells maintained in this manner
are metabolically functional and are subject
to at least one control that is present in rap-
idly dividing populations. The extension of
these studies may offer a true iz vitro model
system for nondividing tissues in vivo.

Summary. Human diploid fibroblasts main-
tained in a nonmitotic state by reducing the
serum concentration of the incubation medi-
um to 0.5% were shown to be metabolically
functional with respect to collagen synthesis.
Collagen synthesis was maintained for an ex-
tended time and responded to elevated as-
corbic acid levels in a manner similar to that
reported for other human diploid cell popu-
lations.
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