from the same donors are given in Table 3. It will be clear from Table 3 that EFCF for tryp-
sinized bone marrow was significantly higher than for mechanically disaggregated bone marrow.
The presence of the additional feeder increased EFCF, and for cells of trypsinized and nontryp-
sinized bone marrow it was (010"“), 11.3 £ 1.9 and 0.7 £ 0.1, respectively.

Table 4 gives the results of experiments in which the effects of trypsinization of bone
marrow fragments or of cell suspensions obtained by mechanical disaggregation were compared.
The bone marrow. from the left femur was first trypsinized, then passed through syringes, where-
as marrow from the right femur of the same donors was passed first through syringes and, later,
half of the resulting suspension was trypsinized. According to the results of these experi-
ments EFCF for cells obtained by trypsinization of bone marrow fragments was significantly
higher and for cells isclated by mechanical disaggregation} subsequent treatment of the mech-
anically disaggregated bone marrow by trypsin, moreover, did not increase EFCF.

The increase in EFCF during trypsinization of mouse bone marrow was thus not connected
with activation by trypsin of the colony-forming properties of the already disaggregated cells,
but with additional release of FCFC, which either are not released by mechanical disaggrega-
tion of bone marrow, or are injured. The experiments showed that the presence of hematopoietic
cells has a stimulating action on the development of mouse stromal colonies, and their colomy-
stimulating activity is still preserved after irradiation in a dose of 60 Gy, i.e., it evident-
ly is independent of proliferation of feeder cells. By trypsinization and the use of an ir-
radiated feeder it is possible to increase EFCF for mouse bone marrow substantially by compari-
son with EFCF values achieved previocusly [2].
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TRANSPLACENTAL EFFECT OF METHYLCOBALAMIN ON GROWTH OF MOUSE EMBRYONIC
KIDNEY TISSUE IN ORGAN CULTURE

0. D. Golenko and N. I. Ryzhova UDC 616.46:612.646.014.46:615.356:577.164.16
KEY WORDS: methylcobalamin; organ culture of the kidney; transplacental action

The effect:of methylcobalamin (MC) on growth of embryonic tissues is due to its function-
al role as coenzyme for methionine synthetase (EC 2.1.1.13), which controls the formation of
active forms of folate required for the intensive turnover of C; compunds in proliferating
cells in mammals and man [11]. The celiular level of cobalamin-dependent methionine synthe-
tase in embryonic tissues is evidently an important parameter determining their rate of growth.
During human embryogenesis the highest level of methionine synthetase is observed in the fetal
tissues and the serum level of MC (the main transport form of the cobalamins) is high [9, 12].
The necessary supply of MC to the fetal tissues is ensured by means of placental receptors and
different classes of transcobalamin in the blood serum. Intensive uptake of cobalamins by em—
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TABLE 1, Transplacental Action of MC of Growth of Organ Cultures of Embryonic Kid-
neys on DBA/2 Mice

Frequency of hyperplastic changes . |Frequency of destructive changes %
in renal epithelium, % : !
umber of - -
A s . Focal hy- . : -
Experimental explants structuralkgigggzlg? gggff‘ pzzglasga Cyst-like Changes %;2?;22;0_1222 ziplace
conditions outgrowths thelium of con- | Of epithe- structures| oo o cis icentral ne-
_voluted tubules| lium fcrosis
Control 89 4.5 4,5 . — 3.4 30,4 69,6 -
MC 103 16,5 55,3 - 7,1 13,6 27,2 42,7 30,1
P<0,05 | P<0,001 P<0,01 P<0,01 P<0,001 ' P<0,01

Fig. 1. Explant of embryonic kidney of
intact mouse: tubular structures well
preserved, against a background of
slight necrotic changes (10th day of
culture; 125 x).

bryonic cells is determined by their increased requirement of methionine, essential for synthe-
sis of polyamines and protein. Various aspects of the modifying action of MC on tumor growth
have been investigated in recent years [6]. However, the transplacental influence of MC on
growth of embryonic tissues and the possibility of its action in transplacental carcinogenesis
have virtually not been studied.

This paper gives the results of a study of the transplacental action of MC on growth of
embryonic tissues during organ culture. An organ culture of embryonic mouse kidney tissue,
sensitive to the transplacental action of biologically active substances, including vitamins
and hormones, and also of chemical carcinogens [8], was used as the experimental model,

EXPERIMENTAL METHOD

To create a high cobalamin concentration in the fetal tissues, MC was injected intramus-
cularly in a dose of 2.5 mg/kg at intervals of 48 h into female DBA/2 mice from the l4th
through the 30th day of pregnancy. The total dose of MC was 10 mg/kg. The total serum cobalamin
level was investigated in the mice on the 2lst day of pregnancy by a microbiclogical method
{2]. Embryonic kidney tissue from 21-day fetuses was cultured by the method in [1]. RPMI-1640
nutrient medium (50%), calf embryonic serum (20%), chick embryonic extract (25%), 40% gluccse
solution (3 ml to 100 ml of medium), 0.3% L-glutamine, 2% HEPES (2 m1/100 ml medium), and mono-
mycin (100 U/ml) were used. At different times of culture (from the 4th to the 18th days) ex-
plants were studied histoautoradiographically in serial paraffin sections stained with hematox-
ylin and eosin. °H-Thymidine was added to the nutrient medium in a single dose of 1 puCi/ml
(specific activity 1940 TBq/mole) 1 h before fixation of the explants. Organ cultures of fe-
tal embryonic kidneys obtained from intact females were analyzed at the same time. Altogether
192 explants of mouse kidneys were investigated. To estimate the transplacental action of MC
the frequency of hyperplastic changes in the renal epithelium and the number of proliferating
cells (labeling index LI) were determined by analysis of at least 1000 epithelial-cells in
each explant. The frequency of degenerative and regenerative changes in the organ cultures

was determined at the same time. The results were subjected to statistical analysis by Stu-
dent's t test. ‘
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Fig. 2. Transplacental action of MC: a) general appearance of structural outgrowths
covered with epithelial capsule (7th day of culture), 125 x; b) diffuse hyperplasia
of epithelium of convoluted tubules (10th day of culture), 300 X; c¢) regenerative
changes in zone replacing central necrosis (12th day of culture), 125 x,.

EXPERIMENTAL RESULTS

MC, administered in prenatal period, had a marked growth-stimulating action on organ cul-
tures of the mouse embryonic kidney. This was reflected in the higher rate of survival of the
explants, due to a marked decrease in the frequency of degenerative changes. Throughout the
period of culture, for instance, the number of explants with marked zones of primary central
necrosis was 42.7% compared with 69.6% (P < 0.001) in the control (Table 1). A significant
feature distinguishing the transplacental action of MC on growth of mouse embryonic kidney tis-
sue was the development of regenerative changes in the late stages of culture in zones replac-
ing the central areas of necrosis. The frequency of these regenerative changes was 30.1% (Ta-
ble 1). Regenerative changes in organ cultures of kidneys from intact mice did not appear at
any time during culture (Fig. 1). Regeneration -in zones replacing central necrotic areas took
place as the result of active proliferation of epithelial and connective-tissue cells, and the
number of DNA-synthesizing cells in these regions of the kidney explants was 7.3% (Fig. 2c).

During the transplacental action of MC, a higher rate of survival of the organ cultures
was accompanied by an increase in the frequency of development of hyperplastic changes. Among
the hyperplastic changes observed in the kidney organ cultures those most frequently found were
structural outgrowths, or areas forming zones of growth at the periphery of the explants, and
diffuse hyperplasia of the epithelium of the convoluted tubules (Fig. 2a, b). After prenatal
administration of MC the number of structural outgrowths in the kidney explants was 3.9 times
greater than in the control cultrues (P < 0.05). The number of epithelial cells synthesizing
DNA in the zones of growth was 4.7 * 0.7Z compared with 3.1 + 0.67 in the control. The fre-
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quency of development of diffuse hyperplasia in the epithelium of the convoluted tubules under
the influence of MC also was significantly increased to 55.3% compared with 4.57 in kidney ex~
plants from intact mice (P < 0.001). Against the background of marked diffuse hyperplasia,
small foci of proliferation, evidently consisting of actively proliferating epithelial cells
of theconvoluted tubules, were found in 7.1% of explants. In addition, after administration
of MC the number of cyst~like structures in the kidney explants was three times greater than
in the control cultures (P < 0.01).

Mouse embryonic kidney tissue, under conditions of organ culture, is thus highly sensi-
tive to the transplacental action of this cobalamin coenzyme. When MC was administreed prena-
tally, definite hyperplastic changes developed in the kidney explants, and were mainly observed
at the periphery in the zones of growth, and were characterized by an increase in the number
of structural outgrowths and by the development of diffuse hyperplasia in the epithelium of the
convoluted tubules, and of regenerative changes in zones replaeing the central areas of necro-
sis. Similar hyperplastic changes were observed in explants of intact mouse kidney, but the
frequency of their development was much lower. After administration of MC, incidentally, the
cobalamin concentration im the mouse blood serum was significantly raised on the 21lst day of
pregnancy; to 51.7 ng/ml compared with 0.7 ng/ml in intact females.

The ability of MC to stimulate proliferation of human embryonic fibroblasts <n vitro as
the result of an increase in the number of cells in the population entering the S-phase of
the mitotic cycle was demonstrated by the writers previously [3, 4]. The stimulating effect
of MC on growth of embryonic tissues was evidently due to a change in activity of methionine
synthetase and the enzymes of polyamine biosynthesis: ornithine and SAM-decarboxylases. Linear
correlation of the growth comstant and the cellular methionine synthetase level was observed
in a culture of normal rat liver epithelial cells during culture in methionine-deficient med-
ium [13]. Administration of MC 4m vivo also stimulates growth of some transplantable mouse
tumors: mammary gland adenocarcinoma 755, adenocarcinoma of the large intestine, RSHM-5 carcin-
oma of the cervix uteri [71. The level of cell proliferation in target tissues is known to
be one factor modifying the action of chemical carcinogens [10]. This evidently explains the
Increased sensitivity of embryonic tissues to transplacental carcinogenic action. The stimula-
ting effect of MC on growth of mouse kidney tissue in the prenatal period, revealed by the
present investigation, 1s an important mechanism modifving the transplacental action of chem~
ical carcinogens.

LITERATURE CITED
1. R. Kh. Adil'gireeva, Byull. Eksp. Biol. Med., No. 4, 115 (1964).

2. Yu. V. Vares and N. V. Myasishcheva, Vopr. Med. Khim., No. 5, 681 (1977).

3. 0. D. Golenko, N. V. Myasishcheva, M. 0. Raushenbakh, et al., Vopr. Med. Khim., No. 5,
549 (1974).

4. N. V. Myasishcheva, 0. D. Golenko, L. E. Kuznetsova, et al., Vopr. Med. Xhim., No. 5, 622
(1977). ’

5. N. V. Myasishcheva, 0. D. Golenko, F. G. Arsenyan, et al., Vestn. Akad. Med. Nauk SSSR,
No. 7, 24 (1981).
6. N. V. Myasishcheva, Z. P. Sof'ina, 0. D. Golenko, et al., Eksp. Onkol., No. 5, 29 (1982).
7. Z. P. Sof'ina, N. V. Myasishcheva, F. G. Arsenyan, et al., Vestn. Akad. Med. Nauk SSSR,
No. 1, 72 (1979).
8. L. M. Shabad, T. S. Kolesnichenko, and Yu. D. Sorokina, Transplacental Carcinogenesis and
Organ Cultures [in Russianl}, Moscow (1975).
9. G. E. Gaul, W. Von Berg, N. C. R. Rdina, et al., Pediat. Res., 7, 527 (1973).
10. S. L. Kauffman, J. Natl. Cancer Inst., 57, 821 (1976). -
11. N. A. Krebs, R. Hems, and B. Tyler, Biochem. J., 158, 341 (1976).
12. E. Nexo, M. H. Hollenberg, and H. Olessen, in: Vitamin Bi2, B. Zadalak and W. Friedrich,
eds., Berlin (1979), pp. 843-849.
13. M. J. Wilson, N. V. Myasishcheva, G. D. Stoner, et al., In Vitro, 19, 134 (1983).

511



