(cirrhosis of the liver) activity of bone-marrow B suppressors is depressed., It is valid
hypothesis that the marked increase in the intensity of spontaneous proliferation of bone-
marrow cells from patients with cirrhosis of the liver in vitro is the result of a decrease
in number or depression of the function of B suppressors, The study of the causes of depres-
sion of activity of bone-marrow B suppressors will be a task for future research.
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STATE OF THE NATURAL KILLER CELL SYSTEM IN THE HUMAN.FETUS

Z. S. Khlystova, V. V, Malaitsev, UDC 612,647.017.4
I. M. Bogdanova, and E, L. Rabotnikova
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Natural killer cells (NKC) are components of the hematopoietic system which play an im-
portant role in the maintenance of internal homeostasis and of immunologic surveillance in
the body [4, 11, 13]. Phylogenetically the NKC system is the oldest component of the immune
system, but its ontogenetic aspect has not been adequately studied [10, 12, 15]. Considering
the role of NKC it can be postulated that the appearance of these cells and the beginning of
their functioning coincide in ontogeny with the times of formation of hematopoiesis. No such
investigations have been undertaken in the USSR, and the few papers published abroad do not
give a complete picture of the problem.

The aim of this investigation was to study the state of the NKC system in human prenatal
ontogeny, with consideration for the morphological structure of hematopoietic and lymphopoie-
tic organs.at certain stages of embryogenesis.

EXPERIMENTAL METHOD

The investigation was conducted on eight human fetuses from the l4th through the 26th
weeks of prenatal development. Cells were isolated from bone marrow, spleen, liver, appendix,
and tonsils on a Ficoll-Hypaque gradient (d = 1.077 g/ml) and used as effectors of natural
cytotoxicity. Cells of human erythromyoleukemic strain K-562 were used as targets. Medium
RPMI-1640, containing 10% bovine fetal serum, 2 mM glutamine, and monomycin (100 U/ml) were
used for cell culture and the cytotoxic test.

The conditions for labeling the target cells and conducting the cytotoxic test were de-
scribed by the writers previously [1, 2]. Cytotoxic activity of NKC was determined with ef-
fectors and targets in different ratios. Cells were fractionated (2 x 10°/ml in a volume of
2 ml) on plastic Petri dishes in medium with 20% bovine fetal serum for 1 h at 37°C in a CO:
incubator. Cells not adherent to the plastic were used in the cytotoxic test.
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TABLE 1. Activity of NKC in Hematopoietic
and Lymphocytopoietic Organs of Human Fetuses
{cytotoxicity, %)

A e of 51 tortot :
o No. of fégtus, Ratio of effector to target cells
rgan fetus | weeke
i 100:1 ‘ 501 \25:1 I 12.5:1
Liver 1 14—15 | n.d. nd. 0 0
9 20—21 |md. 0,1 | 0,7 0
3 22 13,4 | 10,7 | 9,5 nd.
4 22 6.0 | 6.1 | 2.7 |nd.
5 22—23 | n.d.. nd. 0 0
6 23—24 6,1 - 5,6 2.5 | nd.
7 2526 26,8 12,1 7,8 5,3
8 2526 43,0 28,6 26,1 | nd.
Spleen 1 14—15 | n.d. nd. |nd. |nd.
{without 2 20—21 0 32,6 1'17,2 0
adherent 3 22 41,1 33,4 | 18,9 | nd.
cells) 4 22 40,5 | 28,1 | 18,0 |Thesame:
5 22—23 | nd. nd. |nd, » »
6 23—24 22,1 9,6 1,5} » »
6 23—24 6,3 3,3 L] » »
7 25—26 54,2 31,9 19,2 11,4
8 2526 | n.d. 51,2 | 32,1 20,1
Thymus 1 14—15 2,2 0 2,5 4.9
92 2021 0 4] 0
3 22 6,2 5,2 ind., |nd.
4 22 7,7 3,6 ind, [nd.
5 2223 3,1 1,7 2,0 2,0
6 2324 0 0 0 0
7 2526 | md. nd. Ind. |pd.
) 8 9596 3.9 |nd. n.d. nd.
Tonsils 9 20--21 | nd. 0 0 | nd.
3 22 nd, n.d. nd. - 3'
8 23—24 0 0 0,2 | n.d.
7 2526 | nd.. | n.d. a.d. 0
Appendix |3 22 |nd, |nd. 2,6 1.6
6 23924 ] 0 6 |nd.
7 256—26 |\ 'nd, {nd., |nd. 0
3 26—26 | nd. }nd. n.d, 1,2
Bone i 14—15 | » » 3 » » 0,9 0,3
marrow 2 20—21 0 0
5 22—23 | nd, 3.4 2,9 | nd.

Légend_ n.d X Not deiermined_.

EXPERIMENTAL RESULTS

Some NKC activity was found in 14-15-week fetuses in bone-marrow and thymus cell popula-
tions (Table 1). At these times of development the bone marrow functions as an organ of both
hematopoiesis and lymphopoiesis. Among its lymphocytes there were 0.8% of T lymphocytes (E~-
RFC) and more than 20% of immunoglobulin-positive (Igt) cells, whereas the predominant cells
(up to 90%) were early precursors of lympho- and myelopoiesis [8]. All the definitive com-
ponent parts of the thymus are formed in the li4-week fetus (Fig. la): cortex, medulla, Has-
sall's corpuscles, Up to 80-40% of E~RFC and 1.3% of Igt-cells are found in the thymus [3, 5].

High NKC activity was found in the liver and spleen of fetuses aged 22~23 weeks or more.
The level of cytolytic activity in these organs was close to that recorded in the spleen and
peripheral blood of healthy adults [9]. It will be noted that the effectiveness of cytolysis
was clearly dependent on the ratio of effectors to targets. At these stages of embryogenesis
the organs studied have the following morphological picture. In the fetal spleen lymphoid
follicles in which definitive T~ and B-lymphocyte zones can be clearly identified, are already
present (Fig. 1b). From 12 to 15% of E~RFC and up to 28% of Igt-cells have been found in it
at this time [6, 7]. 1In the liver, hematopoiesis begins in the 5th week of development and
can be traced until the stage under study. Up to 2.4% of E-RFC and up to 12% of Igt-cells
are found in it. Glycogen is synthesized in the hepatocytes (Fig. lc).

The relatively high level of NKC in the thymus of the two 22-week fetuses is interesting,
Here also the level of cytolysis was strictly dependent on the ratio of effectors to targets.
NKC activity was appreciably lower in a younger and in three older fetuses. Although the in-
vestigation was conducted on comparatively few fetuses, it can be tentatively suggested that
the transient burst of NKC activity at the 22nd week of prenatal development iz connected with
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Fig. 1. Morphology of lymphopoietic and hematopoietic organs of fetuses at differ-.
ent stages of development: a) thymus of 12-week human fetus. Carnoy's fixative,
Schiff's reagent, 120x; b) spleen of 25-week fetus. Frozen section, Luminescence.,
zone of B-dependent cells. Treatment with antiserum against human Ig+-cells. Ob~
jective 10, homan 3; c) liver of l4-week fetus. Carnoy's fixative. Schiff's re-
agent. 500x; d) tonsil of 17~week fetus; lymphoid tissue and developing erypts;
Carnoy's fixative, Stained by Romeis' method. 120x; e) appendix of 24-25-week
fetus, lymphoid follicle and migration of lymphocytes to surface of mucosa. Carnoy's
fixative, Hematoxylin and eosin. .160x%v
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intensification of migration of precursor cells at this stage from the bone marrow into
the thymus and proliferation of the lymphocyte pool [12].

Exceptionally low NKC activity or its total abscence (Table 1) was observed in the ap-
pendix and tonsils at all times of testing, despite the large quantity of lymphoid tissue
present in the tonsil and the large lymphoid follicles in the appendix, with migration of
lymphocytes from them to the surface of the mucosa (Fig. 1d, e).

The nature of cells mediating spontaneous cytotoxicity in the fetus is particulariy in~
teresting, On removal of cells adherent to the plastic from the splenocyte suspnesion, NKC
activity of the residual population fell sharply (from 22.1 to 6.3). No such decrease was
observed by investigators who analyzed the population of effectors of natural cutotoxicity
in adults [9) and in laboratory animals [14]. 1In man, effectors of spontaneous cytotoxicity
of monocytic nature have been found., However, they constitute a very samll fraction of the
total effector population. The effect we observed is evidence that cytotoxicity in the fetus
may be mediated to a much greater extent by adhesive cells, so that a more detalled analysis
of the nature of cytotexic effectors of the human fetus is required.

Thus the NKC system functions effectively in the human fetus and the level of cytolytic
activity by the 25th-26th weeks of prenatal development is close to parameters of response
recorded in adults. The distribution of cytotoxic effects among the organs corresponds to
the morphological picture, i.e., NKC activity is high in foci of intensive extramedullary he-
matopoiesis and lymphocytopoiesis. The thymus, the central organ of lymphocytopoiesis, in
which the appearance of spontaneous cytotoxicity is not accompanied by a high level of lympho~
cytopoiesis, is an exception. This does not necessarily mean that fetal thymocytes are re-
sistant to the regulatory action of NKC, and does not rule out elimination of these cells by
NKC during anomalous migration of immature cells outside the thymus. The burst of NKC acti-
vity in the thymus -of 22-week fetuses can be attributed to the high level of migrants from
the liver and bone marrow. Indirect confirmation of this view may be given by data on the
high sensitivity of thymocytes of 16-~19-week fetuses to cytolysis by NKC [12]. Unlike the
adult tonsils, fetal tonsils do not contain them., The fetal appendix likewise does not con-
tain effectors of spontaneous cytotoxicity.

LITERATURE CITED

1. V. V. Malaitsev and I. M. Bogdanova, Immunologiya, No. 4, 38 (1984).

‘2. V. V. Malaitsev, I. M. Bogdanova, and G. T. Sukhikh, Immunologiya, No. 1, 21 (1982).

3. 0. P. Ryabchikov, Byull, Eksp. Biol. Med. No. 5, 626 (1980).

4. B. B. Fuks and V., V., Malaitsev, Arkh. Patol., No. 8, 3 (1981).

5. Z. S. Khlystova, S, P. Shmeleva, 0. P. Ryabchikov, et al., Byull. Eksp. Biol, Med., No. 53,

103 (1979).
6. Z. 8. Khlystova, S. P, Shmeleva, O, P. Ryabchikov, and N. A. Chuich, Byull, Eksn. Biol.
Med., No. 12, 728 (1981).

7. N. A. Chuich, Byull. fiksp. Biol. Med., No. 1, 38 (1980).
8. G. E. Asma, R. L. Van den Bergh, and J. M. Vossen, Clin. Exp. Immunol., 53, 429 (1983).
9. F. A. Barada, H. P. Kay, R. Emmons, et al., J. Immunol., 125, 865 (1980).

10. C. A. Dahl, Europ. J. Immunol., 13, 747 (1963).

11. M. Hansson, M. Beran, B. Andersson, and R. Kiessling, J. Immunol., 129, 126 (1982).

12, M. Hansson, R. Kiessling, and B. Andersson, Europ. J. Immunol., 11 , 8 (1981).

13. R. Kiessling and H. Wigzell, in: Current Topics in Microbiology and Immunclogy, Berlin

(1981), p. 107.
14, I. C. Roder, K. Kirre, and R. Kiessling, Prog. Allergy, 28, 66 (1981).
15. I. Uksila, O. Lassila, T. Hirvonen, and P. Toivanen, J. Ammunol., 130, 153 {(1983).

1725



