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Summary: Human lymphoeytes stimulated to proliferation in vitro were treated by
DNases in 2-8 days cultures. DNase treatment was followed by an inhibition of DNA
synthesis in cultures of unseparated and T-enriched lymphocytes. The effect of DNase I
appeared to be greater than that of DNase II. An inhibitory effect of DNase I was also
dependent on dose, time and the used mitogen. In PHA-stimulated cultures DNA synth-
esis was inhibited during four days only, and after this time an increase of [*H]-thymi-
dine incorporation was observed. Comparison of DNase effect depending on the used mi-
togen and studies on human cell lines indicate that ‘' lymphocytes are responsible for
the total DNase inhibitory effect. Additional treatment of proliferating lymphocytes
with pronase argues that the target for added DNase is a membrane (2) nucleoprotein.

There is a number of extracellular factors, both chemical and physical, affec-
ting proliferation of lymphocytes in vitro. It has been reported by Hamilton et
al. (1980) and by us (Szyfter, Wiktorowicz 1980a) that the addition of DNA
to the culture medium was followed by an inhibition of human lymphocytes proli-
feration. At the same time there were some papers on exretion of DNA into cul-
ture medium by freshly prepared cells (Hoessli et al. 1977; Staub, Antoni 1978)
and mitogen-stimulated lymphocytes (Fyedorov, Yanyeva 1982).

Hence, the first goal of this work was to study how does digestion of the excreted
DNA affect human lymphocyte proliferation. In our former study (Szyfter, Wi-
ktorowicz 1980b) we have found the effect of DNase I on proliferation lympho-
eytes to be dose- and time-dependent. The results noted in the 5-days culture va-
ried in dependence on time between DNase I treatment and harvest of cell culture.
The work in the system comprising human lymphocytes — excreted DNA — DNase
facilitates understanding of interaction of lymphocytes with exogenous DNA, and
the way of its action, which still remains unclear.

1 Received for publication: October 1984.
¢ First and second author: Dr.
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MATERIALS AND METHODS
CELLS AND CULTURE CONDITIONS

An experimental attempt was, in principle, the same asin the accompanied paper
(Szyfter, Wiktorowicz 1985). Briefly, unseparated human peripheral blood.
lymphocytes and T-enriched cells were cultured in RPMI 1640 medium for 2-8 days.
Phytohemagglutinin (PHA, Difco), concanavalin A (ConA, Pharmacia), pokeweed
mitogen (PWM, Flow Labs) and allogeneic cells were used for stimulation of lymp-
hocyte proliferation. 12 hours before harvest, cells were labelled with [*H]-thymidine
(Amersham).

Continuous hematopoietic cell lines, including T cell derived lines (MOLT-4 and
JM) and myeloid origin line (K 562) were kindly provided by Dr. L. C. Andersson
(Transplantation Lab., Univ. of Helsinki). All lines have been maintained as statio-
nary suspension cultures, using standard tissue culture conditions.

CHEMICALS

DNase 1 (Sigma), DNase II (Serva) and pronase (Serva) were dissolved in
0.1 M Tris-HCI (pH 7.0) to the concentration I mg/ml, diluted (1:1) with RPMI
1640 medium before use, filtered through Sartorius fiber filters (0.22 p) and applied
in the volume of 20 pl to 200 pl of culture, one hour after mitogen stimulation.

RESULTS

An exposition of unseparated lymphocytes stimulated b y PHA to DNase I action
for 72 hours caused an inhibition of proliferation dependent on the dose of the en zyme
(Fig. 1). In all subsequent experiments 10~ g of DNase per culture well was applied.
Next, dependence of the inhibitory effect on time of DNase treatment and on the
type of the used DNase was tested in three- and four-days cultures, stimulated by
allogeneic cells (Fig. 2). A marked inhibition of proliferation of lymphocytes stimulated
by allogeneic cells was observed during the whole studied period as shown by kineties
of [*H]-thymidine incorporation to unseparated lymphocytes (Fig. 3) and T-enriched
cells (Fig. 4). DNase I treatment of unseparated lymphocytes stimulated by ConA
(Fig. 5) and PWM (Fig. 6) produced the same inhibitory effect.

A detailed analysis of proliferation kinetics of PHA-stimulated | ymphocytes
showed that an exposition to DNase I did not affect strongly lymphocyte prolifera-
tion, but slightly shifted kinetics prolifile (Fig. 7). Contrary to the former observa-
tions, DNase I caused the dose-dependent increase of [*H]-thymidine incorporation
to T-enriched lymphocytes at the peak of response (Fig. 8).

Having in mind an information on interaction of various lectin mitogens with
different Iymphocyte subpopulations, DNase I effect was studied also on human
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Fig. 2. Comparison of the effect of DNase I and DNase IT on unseparated

lymphoceytes stimulated by alogenic cells in three- and four-days cultures.
Controls shown by blank bars
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cell lines. Addition of DNase I inhibited proliferation of T origin lines (MOLT-4 and
JM) but had only a slight effect on undifferentiated cells of myeloid origin (Fig. 9).
The inhibitory effect of DNase I on proliferation of MOLT-4 line was also dependent
on the cell concentration and the time between DNase I addition and harvest of cells
(Fig. 10).
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Fig. 3. Kinetics of [*H]-thymidine incorporation to unseparated lymphocytes sti-

mulated by allogeneic cells (@— - —@) in the presence of:
0.5 mg of DNase I per I ml of medium (A— . - . _A), 0.1 mgof DNase IIperl ml of medium
(O— — —0), 0.5 mg of DNase II per 1 ml of medium (A ——___/\)

Treatment of PHA stimulated lymphocytes with pronase produced stronger
inhibition that that by DNase I. Addition of pronase one hour after DNase I gave
additive effect (Fig. 11).

DISCUSSION

The knowledge on involvement of nucleolytic enzymes in regulation of DNA
synthesis in vivo is well established (Szekely 1982). However, most of these data
have originated from studies in a cell free system. There are only very few papers
concerning the effect of DNase on cells. Kupryanova et al. (1979) have found an
increase of DNA synthesis in Bacillus subtilis cultures treated with pancreatic
DNase. The model closer to ours consists of HeLa cells treated by DNase I and
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Fig. 4. Kinetics of [*H]-thymidine incorporation to T-enriched lymphocytes
stimulated by allogenic cells (@-—————@) in the presence of DNase I in
two concentrations:

0.5 mg per 1 ml of medium (A——A), 0.25 mg per 1 ml of medium (O ————0)
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Fig. 5. Kinetics of [*H]-thymidine incorporation to unseparated lymphocytes stimulated by
the optimal dose of ConA (@ ————-@) and in the presence of 0.5 mg of DNase I per 1 ml of
medium (O———0)
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Fig. 6. Kinetics of [*H]-thymidine incorporation to unseparated lymphocytes sti-
wulated by the optimal dose of PWM (@————@) and in the presence of 0.5 g
of DNasc I per 1 ml of medium (O————0)
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micrococeal nuclease (Kohno et al. 1981) and rat fibroblasts exposed to RNases
(Aho 1980; Lehtinen et al. 1981).

In this paper we have presented data on inhibition of proliferation of ConA-,
PWM- or allogeneic cells-stimulated lymphocytes. In case of PHA-stimulated lympho-
cytes addition of DNase I or LI caused also an inhibision of [*H]-thymidine incorpo-
ration during the first days of the culture, whereas at the peak of the proliferation
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Fig. 7. Kinectics of [3H]-thymidine incorporation 1o unseparated lymphocytes
stimulated by the optimal dose of PHA (A- - - - — A) and in the presence of
0.5 mg of DNase I per 1 ml of medium (O———0)

response an increased incorporation was observed. In short-term cultures (24 hours)
of MOLT-4 and JM cell lines an inhibitory effect was also seen. Thus, the population
sensitive to the action of DNase I seems to involve T lymphocytes.

Still, the difference between the effect of DNase I on lymphocytes proliferation
induced by PHA and other stimulants are difficuls to explain. Nevertheless, the
subpopulation reactive to PHA differs from that reactive to PWM, ConA or allo-
geneic cells (Williams, Bonaceraf 1974). The mechanism of PHA action on lym-
phocytes also differs from that of ConA (Hume, Wiedeman 1980).

Preservation of enzymatic activity of DNase I is necessary to induce inhibitory
effect in proliferating lymphocytes (Szyfter, Wiktorowicz 1980). None the less,
the changes of lymphocyte proliferation are caused by a rather short-term action of
DNase, as shown by pronase digestion. It is known that serum (a component of
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DNase I in two concentrations: 0.25 mg/ml of medium (O————0) and
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Fig. 9. The effect of DNase I on [*H]-thymidine incorporation to
human cell lines in 24-hours cultures, shown as relative proliferation
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Fig. 10. Dependence of [*H]-thymidine incorporation to MOLT-4 cell line in the presence of
DNase I (0.1 mg/ml of medium) on cell concentration in culture of lymphocytes

A — 0.5x10° cells/ml of medium, B — 0.25x10° cells/ml of medium
® -——————@ culture exposed to DNase I, O— O control
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Fig. 11. The effect of pronase (0.5 mg/ml, second bar), DNase I (0.5 mg/ml, third
bar) and both enzymes (fourth bar) on proliferation of unseparated lymphocytes
stimulated by allogenic cells in three-days cultures. Blanc bar represents control
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culture medium) contains DNase inhibitor (Nose et al. 1974; Galvan et al. 1982).
On the other hand, one can expect penetration of DNase into cells as shown for
RNase (Lehtinen et al. 1981) raigrating to fibroblasts. Permeability of lymphocyte
membrane for enzyme transfer was also shown by Olsen et al. (1983). Pronase diges-
tion also indicates a nucleoprotein on the cell membrane (?) as a target for DNase
action. This nucleoprotein could be the same as postulated for exogenous DNA in-
teracting with lymphocytes in vitro (Hamilton et al. 1980).

A higher inhibitory effect of DNase I than that of DNase II can be explained
by the preference of DNase I to digest active genes (Kohno et al. 1981).

Further studies should concern not only the influence of DNase on lymphocyte
proliferation, but also other lymphocyte functions as helper or suppressor activities.
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INDUKCJA HAMOWANTA SYNTEZY DNA W LUDZKICH LIMFOCYTACH
PROLTFERUJACYCH IN VITRO W OBECNOSCI DNazy

Streszezenie

Ludzkic limfocyty stymulowane do proliferacji in vitro traktowano DNazg w 2 - 8-dnio-

wych hodowlach. W wyniku podania DNazy obserwowano hamowanie syntezy DNA w ho-
dowlach nierozdzielonych limfoeytéw i limfoeytéw wzbogacor.ych w komérki T. Wplyw DNazy I
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byt! silniejszy niz wpltyw DNazy II. Wptyw hamujacy DNazy I byl zalezny od dawki, czasu
ekspozycji na DNaze oraz od stosowanego mitogenu. W hodowlach limfocytéw stymulowanych
PHA obserwowano hamowanie tylko w ciagu pierwszych czterech dni hodowli; po tym czasie
nastepowal wzrost inkorporacji [*H]-tymidyny do proliferujgcych limfocytéw.

Poréwnanie wplywu DNazy I na limfocyty stymulowane réznymi mitogenami oraz wplywu
na linie komérek ludzkich réznego pochodzenia wskazuje na limfocyty T jako subpopulacje
odpowiedzialng za calo$ciowy efekt hamujacy. Dodatkowe eksponowanie hodowli limfocytéw
na dzialanie pronazy sugeruje, ze substancja docelowa DNazy jost blonowa (?) nukleoproteina.

NHAYKIA TOPMOXEHUSA JHK CUHTE3A B JINUM®OLIUTAX
YEJIOBEKA, IMTPOJIUPEPUPYIOIIUX IN VITRO B IIPUCYTCTBUU
JTHxa3sr

Pe3ome

JIaMdouuTsl YenoBeka, CTAMYIAPOBAHHbIE 10 npoiudepaunu in vitro o6paborsisanuce JIHkazoi
B 2 - 8-IHEBHBIX KynbTypax. B pesynsrare noganus J{Hxassr HaGmomanocs Topmoxkenue cuaresa JHK
B KyJIbTYpax HENOAENEHBIX THM(oUuTOB 1 JIaMdonnToB, oboramEHnsix kaerkamu T. Biusuue THxa3si I
ObUI0 cribHelmmM, 9eM BiusHue [JHxa3sr II. TopmosurensrHoe Biusimne AHxasel [ 3aBHCHIIO OT 10381,
BpeMeHH 3kcrnosuimm Ha JIHkasy, a Takke OT NPAMEHSAEMOrO MHUTOreHa. B KyJabTypax JMMQOLMTOB,
craMympoBaHHbiX PHA HaGMi0[anock TOPMOXEHHE TOJIBKO B TEYEHHE NEPBBIX YETHIPEX IHEM KyIbTyphl;
TIOCJIe 3TOr0 BPEMEHH HACTYNHWI pOCT mHKopropauwnd [ *H-]JtuMumunaa B nponudepupyronue JTAMQPOLATEL.

Cpasuenne Bmwsausa JHxaser 1 wa taMboOUMTE, CTUMYIMPOBAHHBIE PA3HBIMA MUTOIEHAMH, C BIIMA-
HHEM Ha JIMHHHK KJIETOK 4€JIOBEKA Pa3HOIO NMPOUCXOXKIEHUA yKa3biBaeT Ha juMbouutst T kak cyOmomy.is-
IMIO OTBETCTBEHHYIO 3a ILieiblil 3ddekT TOpMOoxeHHs. JIOMONHUTEIBHOE 3KCIIOHUPOBAHHE KYJIBTYPbI
JEMGOLUTOB HA BO3AEHCTBHE MPOHA3BI MO3BOJIAECT MPEANOJIOKUTH, 9TO HeneBoi cybcranumumeit JTHKa3sl
ABNAETC MeMOpaHHbi (?) HyKJIEONPOTEHH.



