Meso-INnosiToL IN HELA aAND HuMmaN CELLS

Webb, J. L., ibid., 1956, v12, 45.

3. Heard, R. D. H,, Jacobs, R.,, O’Donnell, V. J.,
Peron, F. G., Saffran, J. C., Solomon, S. S., Thomp-
son, L. M., Willoughby, H., and Yates, C. H., ibid.,
1954, v9, 383.

4. Hechter, O., and Pincus, G., Physiol. Rev., 1954,
v34, 459.

5. Plager, J. E., and Samuels, L. T,, J. Biol. Chem.,
1954, v211, 21.

6. Haines, W. J., Recent Progr. Hormone Research,
1952, v7, 255.

315

7. Hayano, M., and Dorfman, R. L., J. Biol. Chem.,
1953, v201, 175.

8. Savard, K., Green, A. A, and Lewis, L. A,
Endocrinol., 1950, v47, 418.

9. Zaffaroni, A., Recent Progr. Hormone Research,
1953, v8, S1.

10. Haynes, R., Savard, K., and Dorfman, R. I,
Proc. Soc. Exp. Bior. ANp MED., 1953, v82, 608.

11. Hoffman, F. G., Endocrinol., 1957, v60, 382.

Received April 8, 1957. PS.E.B.M, 1957, v95.

Meso-Inositol Requirement of HeLa and Human Conjunctival Cells.*
(23205)

RoBERT P. GEYER AND R. SuiaMaN CHANG (Introduced by John C. Snyder)
Departments of Nutrition and Microbiology, Harvard School of Public Health, Boston, Mass.

A number of different human cells have
been shown to require meso-inositol when
grown in vitro(1). This is of considerable
interest since it represents the first conclusive
demonstration that meso-inositol is an essen-
tial nutrient for human cells. The report of
Eagle et al.(1) was also of interest because no
conclusive evidence was obtained that inositol
was required by the cell strain derived from
a human carcinoma, the HeLa cell.

In similar studies with the human con-
junctival cells(2), regular success was ob-
tained only after a greater concentration of
inositol was used than the 1 xM suggested by
Eagle et al.(1). In view of this, the require-
ment for inositol by the HeLa cell was also
studied. These studies form the basis of the
present report.

Methods. Human conjunctival cells(2)
and HeLa cells(3) were used throughout these
experiments. Stock cultures were propagated
in 250 ml serum dilution, neutral glass bottles
containing 10 ml of Eagle’s basal medium(4)
plus 10 to 20% human serum. Only stock
bottles which showed the presence of a con-
tinuous sheet of polyhedral cells with clear
cytoplasm and occasional mitoses were used.

* This study was supported in part by research
grants from the following sources: Chas. Pfizer and
Co., Brooklyn, N. Y.; N.ILH,, U. S. Public Health
Service, Bethesda, Md.

The actual experiments were conducted using
sets of 4 roller tubes, 18 x 150 mm, containing
a total volume of 1 ml of Eagle’s medium plus
20% dialyzed human serum. Following in-
oculation, the tubes were slanted at a 2-5°
inclination at 36°C for 16 to 20 hours and
then were placed in a roller drum also at
36°C. The medium was replaced in all tubes
on the third and fifth days. The cells were
examined daily under 100x magnification. On
the seventh day, the cells were trypsinized
and counted with a Levy counting chamber
(5). Dialysis of serum was accomplished as
follows: 15 ml of serum was dialyzed in cel-
lulose dialysis tubingt against 15 ml of
Eagle’s basal medium(4) for 24 hours; to
maintain the pH at 7.2 to 7.4, the serum was
dialyzed in a stoppered Erlenmeyer flask of
125 ml capacity. The dialysate was frozen
at —80°C until used. The serum was dialyzed
further against 4 changes of 0.85% NaCl, of
about 1 liter each, for a total of 48 hours, and
then against approximately 100 ml of Eagle’s
basal medium for one to 2 hours longer. Each
dialysis procedure was carried out at 0 to 2°C
with constant agitation. The volume of the
dialyzed serum was routinely measured and
usually showed an increase of 0.5 to 1.0 ml.
The dialysate was routinely checked for se-
rum protein contamination by the addition of

t The Visking Corp.
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F1G. 1. Appearance of HeLa cells in medium without inositol. A. 3rd day. B. 3th day. C. 6th day.
D. 7th day. (Magnification 100X.)

0.1 ml of 10% trichloracetic acid to 1
ml of the dialysate; the formation of tur-
bidity was taken as indicative of the presence
of proteins in the dialysate, and the dialysate
was discarded. The dialyzed serum and di-
alysate were used at a final concentration
equivalent to 20% whole serum. Meso-
inositol* was used in the experimental tubes
at concentrations from 0.27 pM to 16 u)l.
Pertinent data and results are given in the ap-
propriate table.

1 Corn Products Refining Co.

Results. In dialyzed serum diluted with
Eagle basal medium, both the conjunctival
and the HeLa cells showed characteristic pro-
gressive degenerative changes beginning on
the fourth to sixth day. Such changes are il-
lustrated in Fig. 1. Meso-inositol at a con-
centration of 1 uM did not prevent degenera-
tive changes with 5 of the 6 sera tested in 5
separate experiments. Representative results
are shown in Table I. By increasing the ino-
sitol concentration to 4 uM, degenerative
changes were completely prevented with all
sera tested. Further increase to 16 uM did
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TABLE 1. Effect of Meso-Inositol on Multiplica-
tion of Human Conjunctival Cells In Vitro.*

Avg No. of cells

Exp.t  Donor Supplement} X 103/tube

1 Human A None 0 B+l

Dialysate 106+ 8 (0)

Inositoly 19+ 6 (2+)

2 Human B None 0 (34)

Dialysate 214 +22 (0)

Inositol 10525 (+)

Horse L None 5+ 3 (34)

Dialysate 150+24 ( 0)

Inositol 656 +17 (+)

3 Human C None 0 (3+4)

Dialysate 128 +19 ( 0 )

Inositol 182 +14 ( 0 )

* These experiments show extremes when using
different sera. A total of 5 experiments have been
done using 6 different sera.

t Inoculi: 6,800, 10,000 and 12,000 cells/tube
for Exp. 1, 2 and 3 respectively.

{ Basal medium contained dialyzed serum at fi-
nal conc. of 209 in Eagle’s medium,

§ Meso-inositol used at final conc. of 1 xM.

|, Morphological appearance of cells on 7th day:
(0) = No degeneration, (+4) = moderate, (2+4)
— advanced, (3+4) — complete degeneration.

not significantly alter the multiplication rate.
These results are presented in Table II. Thus
the report of Eagle et al.(1) that meso-inositol
is an essential nutrient for the conjunctival
cells has been confirmed.

The HeLa cells, like the conjunctival cells,
required inositol for rapid multiplication
(Table III, Fig. 1). It is interesting that
1 pM inositol did not prevent degeneration of
the HelLa cell in dialyzed human serum A and
horse serum L diluted with Eagle basal me-
dium as shown by results of Experiment 1 in
Table III. However, when the experiment
was repeated, satisfactory multiplication with-
out grossly visible degeneration did occur
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(Exp. 3 in Table I1I). Such quantitative vari-
ations occurring in similar experiments have
been frequently observed(6). This is probably
caused by a difference in the physiological
state of the initial cell inocula. In this in-
stance, the amount of inositol carried along
with the inoculum may be responsible. At
any rate, in the present studies the HeLa cells
invariably showed marked degeneration after
seven days in media without inositol.

The reasons for the differences between the
results of Eagle(1) and those reported here
are not clear. The sera used in these studies
were routinely dialyzed for 2 to 4 days to in-
sure adequate removal of dialyzable factors.
There are, however, 2 extraneous sources of
inositol which may be of importance in ob-
taining non-consistent results either between
experiments or between various sera. One of
these is inositol carried along in the cell in-
oculum, since the stock medium contains ade-
quate inositol. The other is inositol which
was not completely removed by the dialysis
procedure. Such inositol may be either in the
form of phosphoric esters or inositides. The
latter would be of especial importance for sev-
eral reasons. First, phosphatides being col-
loids in aqueous solutions dialyze with diffi-
culty (7). Second, phosphatides occur bound
to serum protein(8). Third, McKibbin and
Brewer(9) have reported that human plasma
contains 74 umoles of lipid inositol per liter.
This concentration is sufficiently high so that
sufficient inositol could be retained during
dialysis due to the first and second factors.
In this regard it is of interest that dialysis
does not cause degradation of serum lipopro-

TABLE II. Effect of Varying Concentration of Meso-Inositol on Multiplication of Conjunctival Cells.

Avg No. of cells X 103/tube at following concentrations of inositol

Dialysate
Exp.* Mediumt 0 25 yM 1M 4 M 16 uM 209,
1  HumanA 0 (34+)f 2 (3+) 11640 (+) 29462 (0) 26231 (0) 238 45 (0)
1  Hu 0(”) 5(”) 27% 9 (+) 117=50(0) 13053 (0) 352+ 46 (0)
2 ” Ha 0 (7”) 220 +43 (0) 296 =49 (0) 132 + 41 (0)

* Inoeuli: 10,000 and 20,000 cells/tube in Exp. 1 and 2 respectively.
t Eagle’s basal medium containing 209% dialyzed serum from the specified donor and meso-inositol

or serum dialysate at the specified coneentrations.

{ Morphological appearance of cells on seventh day:
= complete degeneration.

gencration, (24) = advanced degeneration, (3+4)

(0) = No degeneration, (+) =— moderate de-
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TABLE III. Effect of Meso-Inositol on Multiplication of HeLa Cells.

Avg No. of cells X 107 tube at following concentrations of inositol

Dialysate
Exp.* Mediumt 0 25 yM 1uM 4 M 16 uM 20%

1 Human A 0 (34)% 1N+ 6 103 = 69
24) ©

Horse I 2.(7) 60 + 13 203 *+ 40
(+) V)

2 Human W 07 101 =17
(0

3 Human A 224 2 50+ 9 272428 28020 28432 217 %43
(3+) (24) (M 0) 0) (0)

Horse L 3517 131=+27 275+x36 292+20 191+ 13 281+ 31
3+ (+) (V) (0 () (0)

* Tnoculi: 15,000, 13,000 and 27,700 cells/tube in Exp. 1, 2 and 3 respectively.

t & 1 Sce footnotes to Table 11,

teins(10).8 The extent to which complex
forms of inositol are utilized by human cells
is a matter for future study.

Summary. A concentration of meso-ino-
sitol of at least 4 uM was necessary for maxi-
mum multiplication of human conjunctival
cells grown in witro. Inositol was found to be
essential for multiplication of HeLa cells.

The authors are grateful to Dr. John C. Snyder for
his suggestions and interest in this work.

$ In our experiments analyvsis of human and horse
sera before and after 48 hours of dialysis showed
little alteration in cholesterol content.
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Injection of plasma or plasma dialyzate,
obtained from animals administered cortisone

* We are grateful to Mr. G. Smithkamp and Dr.
W. Haines of Armour Laboratories for supplying the
hog posterior and anterior pituitary lobes; to G. E.
Farrar III, E. E. Livingston, Jr., and R. Reifsnyvder
for technical assistance; and to W. Bechmann, J.
Dachiw, J. Howitz, and M. Klenk for chemical de-
termination of the plasma lipids. Thanks are also
due to P. Horwitz for sterilization and pyrogen
testing of the final products for injection.

or subjected to stress, induced hyperlipemia
in intact, adrenalectomized or hypophysecto-
mized rats previously fasted and sensitized by
exposure to potential hepatotoxins(1-4). The
dialyzate and highly potent material crystal-
lized from it differed from other hyperlipemia
inducing agents in not requiring the presence
of either the adrenals or pituitary for its ac-
tion(2-4). These studies suggested that LM
was released from the pituitary gland. The
data in this paper establish the presence of a



