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&
We describe the biological acfivity of single-stranded short-chain

RNA fragments obtained in large amounts by mild degradation of purified

Escherichia coli ribosemal RNA with pancreatic RNase A . In vitro , these

RNA fragments , termed BLR g) » can be used by DNA dependent DNA polymerase |

as primers to initiate the replication of DNA isolated from rabbit bone

marrow and spleen . They concentrate in these tissues when given i.v.

or per os to rabbits and can restore normal leukocyte and platelet counts

after these have been dangerously decreased by various antimitotic drugs.

These actions are manifest within 24 h for leukocytes and 72 h for

platelets . The RNA fragments are devoid of toxicity for animals and

do not induce tolerance phenomenon . When polynuclear/lymphocyte ratio is

upset by cyclophosphamide , the RNA fragments induce white blood cell

differentiation and a differential increase of polynuclear and lymphocyte

counts until their normal ratio and levels are fully restored . The

RNA fragments do not act as primers for the in vitro replication of

cancer DNA and do not stimulate tumor cell multiplication in mice . They

appear to act on physiologically normal cells involved in leukopoiesis

and platelet formation .

ABBREVIATIONS

RNA , ribonucleic acid ; DNA , deoxyribonucleic acid : Leuco-4 (adenine
+ phosphate ) ; RNase , ribonuclease ; BLR(S) » Beljanski leukocyte
restorers ; DEDTC , diethyldithiocarbamate.
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INTRODUCTION

It is well known that the primary step of cell divisicn requires
the replication of DNA by DNA dependent DNA polymerase which , in
different biological systems , uses special naturally praduced short
chain RNA  as primers to initiate a new DNA chain and tius make cell
multiplication possible A_VANvﬁm“Havﬁmvﬁmuﬁuv.

The transfer of genetic informations mediated by purified RNA in
different biological systems has been reported by s:veral authors
(8) (9) (10)(11)(12)(13)(14). In higher organisms the development of
specific tissue 1in response to exogenous RNA durini organ culture has
been described (15 ) (16 ) (17) (18). Various examp’2s show that RNA plays
a part in cell regulation . For instance » according to their nature and
their affinity for a given DNA , RNA may , depencing on the prevailing
physiological conditions , force a cell to Tose cr to recover the ability
to follow the normal regulation process . Thus , purine rich smal)
size RNA ( 6 S ) and RNA fragments . (25 - 50 nicleotides ) prepared
by degradation of r- RNA with ribonuclease 4 may act on gene
expression in plants (19 ) ( § ) and animals (20 ) (21 ) .
When inoculated into young axenically cultured Datura stramonium (19 )
or inverted stem sections ( 5 ) , these short-chain RNA initiate the
appearance of transplantable tumors , bot only if the solid culture
medium contains large amounts of auxire . Other RNA fragments , prepared
using a different nuclease , can arrest tumor cell development in plants
( 22) . It has also been reported that special small molecular weight
RNA  can achieve specific tumor re;ression in animals ( 23 ) ( 24 ).
Purine-rich RNA fragments can prevent DNA virus proliferation in rabbits
( 20).

In previous articles » we  showed that specific short chain
RNA fragments obtained by mild degradation of bacterial r-RNA with
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ribonuclease A can act as primers for in vitro replication of DA,

These primers are single stranded RNA fragments and theqir nucleotide
compositions determine their specificity of action some act as

primers for the replication of viral DNA (20) and others for the
replication of plant (5) , bacterial or mammalian DNA (7)(2) . Primer
RNA are not transcribed into DNA but simply initiate the pna replication
process ; they are rapidly eliminated once the replicatign is in progress

We expected their priming action to fnvolve an effect on gene regulation.

It seemed possible to gain specific harmless control over the multipli-
cation of traget cells by acting solely on the replication and expression
of the genetic material without altering genes and cell structure.

This is a very important point » because , in most cases » agents which
inhibit cell multiplication have harmful side effects : for instance
antimitotic drugs used for cancer treatment have an inhibiting effect
on leukocyte and blood platelet stem cells or their derivatives . We
expected that , under appropriate conditions , those RNA fragments which

>

selectively prime spleen and bone marrow DNA in vitro replication might
be able to stimulate stem cell division ( through DNA replication ) s

with the consequent restoration of normal amounts of circulating Teukocytes
and platelets in depleted animals.

In the present report , we describe the properties of these
RNA fragments (named mrxan ) which exert a remarkable effect on
leukocyte and blood platelet formation in laboratory animals.

BLR - RNA fragments may be obtained in large amounts by pancreatic
ribonuclease digestion of purified Escherichia coli  ribosomal RNA.
These fragments have been fully characterized both physically and
chemically and their in vitro and in vivo activities are described

below.




MATERIALS and METHODS.=

Chemicals and biological products : Phenol (grade A) and chloroform (reagent

grade) were obtained from Prolabo, Paris , France and sodium lauryl sulfate
from Serlabo, Paris,France. Pancreatic RNase (4 x crystallized) and deoxyri-
bonuclease (grade A) were supplied by Worthington , Freehold, N.J. USA ; poly
AG , Poly I-Poly C and (*H)-Poly A (s.act.94 pci/mole P , 3 S) by Miles
Laboratories , Elkhart, Ind. USA ; Endoxan (cyclophosphamide) by Laboratories
Lucien , Colombes, France; methotrexate { amethopterin) by Specia,Paris,
France , and Leuco-4 (adenine + phosphate) by Leboratoire H.Villette,Paris
France ; Daunorubicin (anthracyclin) was gift of Dr, R.Maral, Rhéne-Poulenc,
Ivry/Seine,France ; sodium-diethyldithiocarbamate and Erdotoxin E.coli

026 B6 Difco were gifts of Dr, Roumiantzeff, Institut Mérieux,Lyon,France.
HM:V-Cﬂmni_ (44,5 ci/mmo1) and ﬁm:u-n:m=¢:m (7,5 ci/mmal) were obtained

from the Commissariat & 1’Energie Atomique, Saclay,Frznce. Rabbits (3-4 kg)
were white "Bouska", New Zealand. Mice were Swiss.

Bacteria and growth conditions. Escherichia coli T 3000 (K 12) a non patho-
genic strain was used . Cells were grown aerobically in synthetic medium

at 36°C (25) and harvested during the exponential phase of growth. When
radioactive RNA were required cells were labelled for 6 h during exponential
growth by addition of 500 pei ﬁwxvlmzmzmzm ard 500 pci way.:xmnAa per
liter of synthetic medium . ,

Isolation of ribosomes and ribosomal RNA . Ribosomes were prepared from
cells as previously described (26) and deproteinized by treatment with
phenol and chloroform . Ribosomal RNA wer2 dissolved in 0.01 M Na acetate,
0.1 M NaCl pH 5.0and the solution was ceatrifuged for 30 min. at 40,000 g
to remove most polysaccharide no:"maﬂwm:ﬁm ( 27). The supernatant solution
was dialysed against 0.1 M KC1  for uw h at 4°C and then against distilled
water for 1 h at 4°. The yield of Rl\ was determined by measurement of

A 260 nm and integrity of r-RNA w:s checked by polyacrylamide gel electro-
phoresis (28) (23 S and 16 S =16 x 10% and 0.5 x 10% daltons)

Degradation of ribosomal RNA by pancreatic RNase A. Pancreatic RNase A
(15 mg ) was added to a solution of r-RNA ( 1 g) in distilled water(50 ml)
and the mixture was incubated at 36°C for 20 min. Reaction was stopped
by adding 1 volume of phenol containing 10% (v/v) distilled water, the
mixture was stirred at room temperature for 10 min. and centrifuged at
12,000 g for 10 min. to separate phenolic and aqueous phases . The aqueous
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phase was removed and treated again as before with 1 volume of 10 % aqueous
phenol . The second aqueous phase was then shaken for 10 min. with 1 volume
of chloroform, and after centrifugation the aqueous phase was recovered .
This step was repeated three times and the final aqueous phase was dialysed
against 2.5 liter of distilled water for 16 h at 4°C. under axenic conditions.
The amount of non dialysable RNA was determined by measurement of A 260 nm
(yield 50-60 %)3 the dialysed solution was lyophilized and the residue was
stored in a dry environment . The product which stimulatesleukopoiesis and
platelet formation are termed mrthy (see abbreviations). mrmhmu were charac-
terized by determinatien of electrophoretic mobility in polyacrylamide gels
and U.V. absorption spectra .

Analytical tehniques. Proteins were measured by Lowry method (29) and DNA by
the diphenylamine reaction (30). RNA base ratios were determined as follows :
150 pg of mrnﬁmu werehydrolysed at 100°C in N HC1 for 1 h (boiling water bath),
the hydrolysate was evaporated to dryness in a dessicator and the residue was
dissolved in 0,05 ml of distilled water. Samples of the solutions were analysed
by chromatography on Ecteola cellulose plates according to Bjork and Svenssan
(31). UV absorbing spots were located (purine bases and pyrimidine nucleotides)
cut out and eluted with 0.1 N HC1 . The concentrations of eluted compounds

were determined using the following coefficients absorption maxima : A, 13 ;
G,12,8;C=113;U,10(32).

Determination of leukocyte and platelet count in circulating blood of rabbits.

Blood taken from rabbit marginal veins was mixed immediately with EDTA
and leukocyte and platelet counts were determined using a Coulter counter model
F. Differential leukocyte counts were made using the May-Griinwald Giemsa staining
method and 200 - 300 leukocytes were counted under the microscope by the sam
observer . Leukocytes were classified as polynuclears (including nevtrophil,
eosinophil and basophil cells) and lymphocytes (including monocytes).

I[solation of DNA and DNA polymerase. DNA was isolated from gently broken tissue
by phenol/chloroform extraction in the presence of 2 M zmn_cp and 0.01 M EDTA

{ 33).

E.coli DNA dependent DNA polymerase I (EC 2.7.7.7.) was partially purified

from bacterial extracts as previously described (34 ). This preparation contains
some phosphatase activity for removing phosphate from 3'-ribonucleotides.

RESULTS

_—

Biochemical properties of mrxﬂmu. Chemical and physical characterization of
A}
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BLR(S shows that they are single stranded RNA fragments (no hyperchromicity)
almost devoid of DNA and protein contaminants( 0.3 and 0.5 % respectively). Base
ratio analysis shows that they contain an excess of purine over pyrimidine

bases ( G+A/C/U = 2.4 while in intact r-RNA this ratio is close to 1.12, Table 1 ).

This is not surpirsing since RNase A cleaves RNA chains solely at C and U
residues. The average electrophoretic mobility of BLR c is “he same as that
of poly A preparation which corresponds to m.w. of 1.7 x 10° daltons (Fig.1 ).
This suggests that these RNA fragments contain on an averar: about 50 nucleotides
which is within the size range of DNA replication primers . Their priming
action on DNA replication in vitro was tested using bone marrow and spleen
DNA(S). The choice of these DNA(SJ was guided first by the observation that
_injected radioactive BLR s) re found in relatively higr amount in the
bone marrow and spleen , and second by the need to as;arta{n wether BLR(S)
act differently on DNA of normal and cancerous cells . When DNA polymerase I
is incubated in a complete system containing a radicictive deoxyribonucleoside-
5'-triphosphate but no added RNA primer it is abl: to synthesize a very
Timited amount of DNA in a reaction which quickly :2aches a plateau. This
synthesis is probably due to the fact that the en:yme used here is only
partly purified (when highly purified it functigis less well) and contains
some material of primer RNA type . When BLR v are added to such a system
using bone marrow (Fig.2 ) or spleen DNA ( r:sults not shown ) as template
DNA replication is highly stimulated whereas when brain (Fig.3 ) or kidney
DNA (results not shown) is used as template no stimulation is seen . These
results indicate that BLR(S) may be potential in vive DNA replication primers
in the bone marrow and spleen where are retained. We next asked whether BLR(S)
stimulate DNA replication in the same vey in healthy and cancerous tissue.
When DNA from healthy breast and Tung Zissue was used as template in a complete
system a slight stimulation of repli.ition was observed. On the contrary
when template DNA was prepared from cancerous tissue , replication was
slightly slowed down by the preserce of BLR(S) (Fig.4 ). These results indicate,
but do not constitute proof, tha BLR(5 will not stimulate DNA replication
in vivo and multiplication of malignant cells .

ments in mice had shown that , after i.v. injection , (3H)-BLR ) were
mostly found in the spleen and in the bone marrow ; radioactivity slowly
decreased and could not be detected for more than 2 to 3 weeks. When the
distribution of radioactive BLR(S) in the rabbit was determined the results
shown in Fig. 5 were obtained . The fact that high specific activity is

In_vivo_localization_of radioactive BLR ip_the_rabbit. Preliminary experi-
------------ (s) 1 P
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TABLE 1
Base ratio (G+A/C+U) of r-RNA and BLR(S) obtained by degradation of the same r-g

Moles per 100 moles of analysed nucleotides

Bases r-RNA (23 S + 16 S) BLR(S) obtained with pancreatic RNase A
Sample 1 Sample 2
G 28.0 42.0 40.5
A 24.9 28.8 29.8
C 24.1 15.7 16.5
U 23.0 13.5 14.2
G+A/C+U 1.12 2.42 2.36

BLR(S) and r-RNA  were hydrolysed and analysed as described in Material and Meth
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Fig.1 Polyacrylamide gel electrophoresis of BLR s) - BLR .y (4 pg) were

mixed with [3H)-Poly A (3 S) (containing 14,000 CPM) used as a marker
and submitted to electrophoresis on polyacrylamide gel { 5 % (W/v )

for 90 min. at 5 mA per tube at 4°C and the position of U.V. absorbing
material for BLR g) was detected as previously described (9 ). The
position of (3H)-Poly A was determined by measuring the radioactivity
in very thin slices of polyacrylamide gel using a Packard liquid
spectrometer (Prias). 4 S RNA was separately run as a marker and densi-
tometer tracings are superposed on this Fig.
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Fig.2
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BLR act in vitro as primers for bone marrow DNA replication. Incu-

bat'(i;l)l mixture contained per 0.15 ml : Tris-HC1 buffer pH 7.65 , 25 pMoles;
MgCl, : 2 pMoles ; four d-XTP : each 5 nanomoles (+ (3!'!}-TTP » 50,000

CPM ) ; DNA : 0.2 pa s E!LR(5 : 4 pg ; DNA dependent DNA polymerase I,

B0 pg . Incubation : 10 , 20 and 30 min. at 36°C. TCA (trichloroacetic
acid )-precipitable material was filtered on GF/C glass filter, washed,
dried and radioactivity measured with a Packard liquid spectrometer (Prias)
BLR(y were degraded by incubation in 0.3 N KOH at 36°C for 16 h » then
neutralized. Analysis were carried out in triplicate for each incubation

time .
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Fig.3
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do not prime for monkey brain DNA replication ; see conditicns

described in the legend to Fig. 2

lung DNA
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replication of DNA from human lung , healthy and

and in vitro

Fig.4 _SLR{S)
cancerous tissues . For incubation conditions , see legend to Fig.2.

BLR concentrations : 4 , 8 and 12 Pg (in duplicate). Incubation time

10 min. at 36°C .
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Fig.5
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(3H)-BL BLR ) (3 108 cem) (fabelled with (

In vivo Tlocalization of rad‘oactive BLR 3 in_the rabbit . 5 mg of
H)-guanine and (3H)~uraci])

are injected into a 3 kg ncrmal rabbit . 24 h later , the animal is

anesthesized and sacrificed . Samples of 0.2 to 0.5 g of organs are
analysed for hot trichlnroacetic acid soluble radioactivity (5 % final
conc. of TCA , 100°C , 30 min). The results (mean values for three

rabbits) are expresses as CPM / g of wet material
from the bladder for radioactivity measurement

88

. Urine was collected

found in the femur bone marrow and spleen suggested that BLR(S) might act on DNA
replication in the cells which give rise to leukocytes and platelets. The presenc
of radioactive material in adrenal glands, kidney and liver may reflect blood
flow or possibly reutilization of radioactive nucleotides by organs which synthe-
size RNA The excretion of degraded radiocactive material found in urine

24 h after ( H) -BLR injection show that BLR( 5) are biodegradable (Fig.5).

However , in the adrenal glands, which contain stress stimulated haemetopoetic
cells ( 35). BLR(S) could exert a stimulating action.

Qggrgggglgg_gf_ggﬂ by_rabbit_plasma. In order to get some information about
the extent of BLR degradation N p]aSma of circulating blood from healthy rabbits
was prepared and incubated with ( H) BLR( at 36°C in function of time. Parallel
experiments were performed with ( H) Poly C or Poly A. Alcohol precipitable
material was f\]tered on millipore, dried and its radioactivity measured. The
half Tife of ( H) -BLR 5) was 8 min. and that of Poly C , 1 min., while Poly A
was poorly degraded (Fig.6). BLR(S) which contain an excess of purine bases show
a relatively important resistance to plasma RMase action. The activity of plasma
RNase was also tested after rabbits had received BLR(S) i.v. Blood plasma was
prepared just before injection and every h thereafter for 6-7 h. Fig.7 shows that
after BLR injection, plasma RNase exhibit higher degradation activity toward

( H)-BLR than that found in the plasma before BLR administration. Increased

RNase activity is manifest during 5 - 6 h and then returns to normal value.
These observations do not tell us if injected BLR s) induced the increase of

the amount of plasma RNase, or if some RNase activating factor (s) appeared in
the presence of BLR s)+ The period of increased plasma RNase activity corresponds
to fever response induced by BLR injection to rabbits ( Fig. 15).

BLR 5) activity and_integrity. Hydrolysis of BLR( .y to nucleotides by incubation
of 16 h in 0.3 N KOH at 36°C completely ab011shes their stimulating activity in
vitro (Fig.2) and in vivo (Fig.9). Treatment with RNase A for 2 h at 36° followed
by'deproteinisapion and dialysis of the incubation mixture also reduces the

activity of BLR(S) but does not completely abolish it.

Excellent priming activity of BLR(S) in DNA replication might be explained by
the presence , in DNA dependent DNA polymerase as well as in RNase A preparations
even crystallized several times, of phosphatase activity(verified for both types
of enzymes). Phosphatase removes 3' phosphate giving rise to 3'OH group necessary
for priming activity. The endogenous enzyme does it in animals. We have controlled
that BLR(S) retreated with E.coli alkaline phosphatase exhibit normal leukopoietic
activity.
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'ncubation(min)

In vitro degradation of ﬁuzuuurm by blood plasma of healthy rabbits.
For each time indicated on th: Fig , incubation mixture (final volume
0.15 ml ) contains 25 pMoles of Tris-HC1 buffer pH 7.65 ; 200 Hg of
ﬁw:v-mrxﬁmxaooo CPM) 5 0.Ci ml of plasma (0.7 mg of protein).

A parallel experiment was performed with ﬁw:_-nodt A (200 g ,7.200
CPM) and (3H)-Poly ¢ ( 200 49, 7,160 CPM) . Incubation at 36°C. ;
time is indicated on th: figure . To stop the reaction , alcohal (95°)
was added in excess and § JMoles of KC1 to precipitate the auxu Tabelled
insoluble material . The precipitate was filtered on glass GF/C
millipore filter , washed with alcohol , dried and its radioactivity
was measured with Packard liquid scintillation counter (Prias).
Results are expressed as CPM . Half life (t1/2 = 0.693/K ) was
calculated using the values in the linear portion of the curves.
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Increase of RNase activity in plasma of rabbits injected with mrxﬁmu.
For incubation conditions , see legend to figure 6 . 200 ug of
Au:u-mrawg,amwcca CPM) were used for degradation with rabbit w“wmam
(RNase) which was prepared from blood taken before BLR i.v. injection
and every h thereafter for 6 -7 h .
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------------------------- (s) -=-====-=2-F=ITelEN2 Y SIEdlEt W1Z0_ZRToXan
is a commercial preparation containing 75 % cyclophosphamide, an alkylating

agent which can form alcoyl bridges between the strands of LilA and thus prevent
its transcription into RNA. It is used for experimental and human cancer therapy
and it is believed that in the body cyclophosphamide is co-verted into an active
substance and non cytotoxic product (36). When used for human cancer therapy

a total weekly dosage of 300 mg Endoxan is commonly pres:ribed. This is equivalent
to about 0.75 mg/kg/day. Our rabbits received per kg i.v. dosages about 40 times
higher , which for many animals prove lethal within 8 2 12 days.

__________________________ (s)* White rabbits (3-4 kg) were given 100 mg Endoxan
i.v. daily , and blood samples were taken at daily intervals and leukocytes,
erythrocytes and platelets counted. When necessary, polynuclears and lymphocytes
were counted separately. When leukocyte count had ‘allen from 7,000 - 12,000
(healthy rabbit) to 3,000 - 5,000/mm3 blood, rabbits received i.v. 1-6 mg BLR(S}
in sterile physiological saline solution. A1l BLF;'s samples were active in
increasing the leukocyte count in Endoxan treated rabbits and as shown in Fig.8
could not be replaced for leukocyte restoraticrn by E.coli endotoxin. Their effect
was proportional to the amount injected unti’ a saturation dosage was reached
after which no further increase occured (Fi:.9). A normal Teukocyte count was
usually restored by i.v. injection of 2.5 g of BLR(S), and significant leuko-
poietic activity was obtained with 0.5 myg BLR(S) / 100 mg Endoxan / 3.5 kg
rabbit. However individual variations awmong rabbits are such that the BLR(S)
dosage may have to be doubled to.obtain  the same response. The increased
Teukocyte count obtained with BLR u reaches a normal value 24-48 h after their
injection , remains at a high level vor a few days and then returns to the

value found before injection of BLW(S . The duration of cycle of BLR s) induced
changes in leukocyte count is abo.t 7 days (Fig.10). Increased leukocytesobtained
with BLR, .y never exceeded 250 % of the lowered count produced by Endoxan treated
nor 100 % of the normal value ‘n untreated rabbits. These results suggest that

a very powerful cellular regulation process is involved. This process is not
perturbed by excess dosages of BLR(S} since in Endoxan treated rabbits given

1-6 mg BLR(S) i.v. evry second day there is no additional increase in leukocyte
counts as the dose is increased. In addition there is no decrease in the response
such as might have been caused by a possible mass action of repeated doses, a
possible toxic effect or the development of resistance to BLR )" A fresh dose

of BLR(S is observed to stimulate leukopoiesis only when the preceeding dose

has ceased to act (Fig.10). This numerous repeated doses of BLR;S) do not have

a cumulative effect of any kind and do not lead to a loss of leukopoietic stimu-
lating effect.

92

Fig.8
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Effect of E.coli Endotoxin and BLR(S) on the leukocyte count in the
Endoxan-treated rabbit . E. coli Endotoxin ( 5 pg) was given i.v.

to 3 kg rabbit which have been treated for 7 days with 100 mg Endoxan/
day . No appreciable effect on leukopoiesis was noted. As shown by
the arrow when these same rabbits received 5 mg BLR(S) i.v. the
leukocyte count increased . The mean increase of leukocyte count

( 6 rabbits) after endotoxin i.v. injection was 14 % tag,

p £ 0.02
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Fig.9 Increase in leukocyte count in Endoxan treated rabbits given various
amounts of mrmAMv . 3.5 kr rabbits were treated with Endoxan (100 mg
injected i.v.) daily for “our weeks . The first dose of mrmﬁmv (0.5 mg)
was injected i.v. on day 1, 10 min.after Endoxan injection ; when the
stimulating effect of tue first dose ended , a second 1 mg dose was
given i.v. etc... hixhudmﬂ*zm leukocytes were counted with a "Coulter
counter ". The same results were obtained with three other rabbits.
mrzﬁmV were degraded by incubation in 0.3 N KOH at 36°C for 16 h ,
then neutralized.
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10 20 30 40 DAYS

Leukocyte count in the Endoxan treated rabbits receiving varying

doses of mrwnmv every second day . After leukocyte count had been

strongly decreased , a 3.5 kg Endoxan treated rabbit ( 100 mg/day’

received varying doses of mrmﬁmv ranging from 1 to 6 mg every
second day as shown by the arrows . Circulating leukocytes were
counted daily with a Coulter Counter . The results given in this
Fig. are an average obtained with 10 rabbits . The mean increase
in leukocyte count was 172 % t 17 % as standard error . The cor
fidence interval calculated using paired sample student's t test
p < 0.001 .
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3 : fieh Although Endoxan dosage at the level used in these experiments proves
' lethal in many sensitive animals after 8-12 days this effect is suppressed by
simultaneous treatment with BLR{S . In one experiment five rabbits which received
100 mg Endoxan daily and 5 mg BLR{5 at regular intervals for a period of two
and one half months were all alive in good condition 2 - 3 years after cessation
of the treatment. BLR g) Procured survival of 94 rabbits (over 100 used) which
received Endoxan for 30-90 days . Six died as a result o7 bacterial infection
hL combined with high sensitivity to Endoxan. In the 94 si vivors the mean increase
‘ in leukocyte count was 154 % , standard error ¥ 11.% and p < 0.001 by standard
Student's t test.
As far as erythrocyte genesis is concerned, pre!iminary results show that in
rabbits BLR ) are active in this process only undrf’particu1ar conditions
(unpublished results).
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Effect of BLR o) in_control rabbits_receiving_no drugs. After i.v. administration
of 5 mg of BLR 5) to healthy rabbits leukocyte count increases from 8,000 to
14,000 in 24 h and returned to its original vilue one day later. Higher doses are
controlled in other rabbits. For example aftar i.v. injection of 50 mg of BLR &
the Teukocyte count in a healthy rabbit rose from 7,300 to a maximum of 17,500
in 20h and returned to its original valu: two days later.

After injection of BLR(S) a short transcient fall in cell count is observed
before stimulation occurs. This is seer after a four h delay for leukocytes, and
a 24 h delay for platelets. For example in the experiment mentioned above in which
a rabbit received a single 50 mg dos: the leukocyte count had fallen from 7,300 to 0 5 10 15 20 25
3,300 four h after injection but was 17,500 twenty h later. This reaction is DAYS
apparently independent of the amotrt of BLR(SJ administered (range tested : 3 -
| 50 mg per rabbit weighing 3-4 kq). Furthermore the same initial fall in leukocyte
and platelet counts was observer when rabbits receive 3 mg of poly AG i.v. although
this polynucleotide which was vsed because BLR ¢) are relatively rich in A and G,
has no leukopoietic activity. Finally it may be noted that oral administration of
BLR(S) to rabbits (see below) does not cause an initial transcient fall in cell count.

P

Control 200

LEUKOCYTESx10-3/mm3 e—m—m—

100

Omm————OoWW/a _ OLXS13 T 3LV 14

Fig.11  Leukocyte and platelet counts in the rabbit receiving BLR(S) per os.

This Fig. shows leukocyte and platelet counts increase in rabbits
receiving 20 mg BLR g) beros . Values represent an average of six
rabbits . Initial leukocyte maximum count 3,7000 % 100 / ms (a)
Effect of BLR ;) adninistered orally.As shown in Fig.11 the effect of orally admi- increased up to 9,250 ¥ 2,200 (p < 0.02) after BLR administration.

nistered BLR(S) on leukocyte and platelet counts is manifest more slowly and Initial platelet maximum count 250,000 * 50,000 increased up to

maintained longer that that produced by i.v. injection (compare Fig.10 and 11). 575,000 25,000 / mms ( p« 0.03) after BLR administration.
Four rabbits were prepared by treatment for 30 days with 100 mg of Endoxan daily (2)
and sufficient BLR g) 1.v. at the necessary intervals to ensure survival .Adminis-

tration of first BLR(S) and then Endoxan were discontinued. Leukocyte counts were
then 5,500-5,000/mn3 . After this treatment rabbits cannot sporitaneously restore

values shown are arithmetic mean = 1 SD.
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leukocyte count within two weeks; a single oral dose of BLR s
restoresboth Teukocyte and platelet counts to normal ‘avels within

about 10 days and maintain these counts at a high level fur a further
15 days approximately .

LE!EQD@iEEiE-ESEi!E'E!-Qf-E';R(S) in_methotrexate_tested rabbits. LEUKOCYTES x10 " 3sssece
Rabbits given each day 60 mg i.v. doses ( for 2 concecutive days ) SQ OO~ O <M -
of methotrexate show considerably reduced Teukocyte counts (Fig.12).
Such rabbits recover a normal leukocyte count if BLR gy are adminis-
tered intraveinously , or a little more slowly if they are administered
subcutaneously . After cessation of BLR(S) acticn , leukocyte counts
decrease slowly . 3

40 DAYS
are

subcutaneous

obtained
G

5

& (a]
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BLR(S) activity in platelet formation

: Effect on_rabbits with_a_normal platelet coun’ . Platelets

which play
a major part in blood coagulation are formz1 in the bone marrow . Since

BLR g) are retained in the bone marrow ( fig. 5 ) it seemed possible =]
that they might have an effect on genc:5is of platelet blood cells, a 55
especially as they act as primers for boie marrow DNA replication . (X
BLR{S) given i.v. or per os cause platelet count to increase in i

! the blood of both Endoxan treated srd untreated rabbits . As found
for leukocyte counts , cellular regujation bring final platelet counts
back to a normal physiological leval after BLR ¢y stimulation . The

i results of numerous experiments l:ad to conclusion that the best results

are obtained when BLR are civen per os . Increased platelet counts
then remain stable for about two weeks .

30
(average values )

25

intraveinous route ;

i BLR(S) (5 mg) were injected as shown

. Leukocyte counts

20
V.

i

15
Fig. 12 Effect of BEB(S) on leukocyte formation in rabbits pretreated with
. Three rabbits each received 60 mg methotrexate (i.v.)

10

_________________________________________________ .+ Daunorubicin
(anthracyclin ) causes a rapid and spectacular fall of leukocyte
and platelet counts in 4 kg rabbits receiving 5 mg of the drug

i ‘. i.v. for four consecutive days only . Toxicity is so high that
death occurs on the 6th - 8 th day after the start of the X
treatment . However , if BLR 5y are given on the 5 th and 7 th day the o -—

animal can be saved . Fig. 13 shows the evolution of platelet and leukocyte &% E? gg §3 53
counts during such an experiment. Daunorubicin treatment reduces platelet o—e ;,.0XS13731Vd

. These values are typical for all rabbits treated with

E .:::oonnl.‘--.
) — ®e

Daunorubicin
methotrexate

for two consecutive days
by the arrow

shown on the same Fig.
route
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LEUKOCYTESx10-3/mm3

Fig.13

'CONTROL

—0 5 10 15 20 25
17days DAYS

Effect of BLR(S) or platelet count in the rabbit pretreated with
high dosages of daunorubicin . A 4 Kg rabbit received i.v. 5 mg
Daunorubicin daily for4 consecutive days . At time shown by arrows,
the rabbit received two BLR dosages ( 5 mg i.v. and 20 mg per os ).

The leukocyte count which was low in the drug-pretreated animal , was

brought back to 10,000 within 48 h . After treating with BLR(S) -
several doses of Daunorubicin were injected i.v. (see arrows). The
same experiment was repeated on another rabbit. Platelet count were
performed for both animals. Three control rabbits treated only with

Daunorubicin died at the 6th to 9 th day following the first
daunorubicin injection .

100

SR b it e 5 e

and leukocyte count from 400,000 and 10,000 to 15,000 and 3,600 respectively.
After two doses of BLR sy » (arrows , Fig. 13 ) leukocyte count returned
to normal (10,000/nm3) in 48 h whereas platelet counts did not reach the
initial value of 400,000 until 5 - 6 days later . Subsequent renewed doses
of daunorubicin , totalizing14 mg in 15 days did not cause any significam
decrease in the platelet and leukocyte counts . Protection by ELR(S)
therefore subsisted and even when 15 mg of daunorubicin was given three
weeks after the last BLR & dose the fall in platelet counts was much

less striking than that observed before administration of BLR(S).

BLR .y / drug ratio Many chemotherapeutic agents decrease leukocyte and
platelet counts and as we show here it is possible to slow down or arrest
this effect by appropriate BLR(S) dosage . Thus BLR(S) may make a positive
contribution to human chemotherapy and particularly to cancer therapy. The
amount of BLR(S) necessary to achieve optimum results can be calculated by
giving variable amounts to an animal receiving a constant drug dosage but
it must be noted that the value obtained will vary somewhat from animal

to animal . Thus for a rabbit receiving 100 mg of Endoxan i.v. daily a
BLR(S - drug ratio of 1 : 20 is normally sufficient to maintain a high
leukocyte count for 3 - 4 days . However smaller amounts e.g. a 2 mg dose
( instead of 5 mg of BLR(S)) (BLR(S) - drug ratio 1 : 50) are sufficient
in some cases . Because various drugs e.g. Endoxan , Methotrexate, Daunoru-
bicin damage bone marrow and spleen cells to different extents , optimum
BLR(S} - drug ratios must be determined in each case.

Comparison of the effect of BLR{5 and other polynucleotides . Administration
of 10 - 20 mg E.coli ribosemal RNA(S) per os to Endoxan treated rabbits
causes no noticeable increase in either platelet or leukocyte count. This
shows that the high molecular weight r-RNA chains must be degraded to small
products (BLR g)) in order to obtained material which can act on platelet and
leukocyte formation . Administration of poly AG or poly A by i.v. injection

to Endoxan treated rabbits also fails to stimulate leukocyte formation
(Fig. 14 ). The products of deoxyribonuclease digestion of salmon DNA were

also found to be inactive with respect to platelet and leukocyte formation

in Endoxan treated rabbits.

ELB(S) restore the balance between lymphocytes and polynuclears . In the
healthy human , leukocytes contain 60 - 70 % polynuclears and 25 - 40 %
lymphocytes whereas in the normal rabbit the amounts of these two types
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Fig. 14 QLR(S} restore the balance between lymphocyte and polynuclear percentages.

A 3 kg rabbit was treated daily with 100 mg Endoxan i.v. for several

| weeks and periodically v“th BLR s)” When leukocyte count had fallen

and polynuclear and lym:iocyte imbalance had appeared , Poly AG

! (3 mg), BLR(S) » (5 ma:, Leuco-4 (5 mg), diethyldithiocarbamate

(DEDTC){ 5 mg ), Poly A (5 mg) were given intravenously at the

intervals shown on this Fig. The same results were obtained with

two other rabbits . The balance-restoring effect of BLR(S) was

| observed in 10 other rabbits . Initial lymphocyte maximum count

! 3,530 t 322 s (2) increased up to 6,100 Y520 4 e

( p20.02) after BLR injection . Initial polynuclear maximum

count 1,080 % 250/ mm®  increased up to 6,990 ¥ 680 ( pe 0.001 )

after BLR injection . Cyclophosphamide destroys polynuclears more

efficiently than lymphocytes . BLR(S) reestablish first the poly-

nuclear / lymphocyte balance and then normal amounts =f both types

(a) values shown are arithmetic mean ¥ 1 sp
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of cellsare usually practically equal . In rabbits , daily Endoxan treatment
( 100 mg/day/3 kg rabbit), the considerable decrease in leukocyte count seen
after 6 - 7 days 1is accompanied by a large differential decrease in the number
of polynuclears which falls from 55 % to 18 % of the total white cell count
( Fig.14 ). Endoxan and other drugs cause a similar effect in man.

When Endoxan treated rabbits are given BLR & i.v. polynuclear and
1ymphocyte counts increase differentially and the number of these cells
become practically restored within 4 = 5 h and a normal ratio is fully
re-established after 24 h. Six days later the effect of BLR A has ended
and the Endoxan induced imbalance reappears (Fig.14 ) but can be again
corrected by a further BLR 5) injection . This sequence of events can be
repeated again and again . In one Endoxan treated rabbit the effect of ELP(S)
on leukocyte formation was compared with that of sodium diethyldithiocarbamate
(DEDTC) , poly A , Leuco-4 and poly AG (Fig.14 ). None of the latter four
agents were able to stimulate leukocyte formation or restore a normal
1ymphocyte / polynuclear ratio .

ELE(S do not induce tolerance phenomenon in rabbits as Endotoxin does.Since
BLR(S) originate from Escherichia coli ribosomal RNA , it appeared essential
to distinguish the physiological activity of BLR in leukopoiesis from
the effect exhibited by E.coli endotoxin . The Shwartzman reaction (37 ) ,
a sensitive test for detection of small amounts of bacterial endotoxin in bio-
logical preparations gives in rabbit a positive reaction with 0.2 - yg of
bacterial endotoxin or by a few pg of Poly I-Poly C (38 ). 250 pg of BLR(S)
were injected at each of 5 different sites in shaved rabbits epiderm and
16 h later the animals received 5 mg BLR g i.v. No trace of inflamation was
detected at the inoculation sites for three days. Several BLR(S) preparations
were tested on different rabbits and none gave a positive Shwartzman reaction.
It has been well established that daily endotoxin injectionsto healthy
rabbits result in a pragressive decrease in the amount ot fever and in the
transient polynuclear 1liberation into circulating blood (39 )(40 ). This
tolerance state might be induced in rabbits and humans with small doses of
endotoxin (1.0 - 5.0 ng/kg) (41)(42) . Rabbits received every 48 h , 1-2 mg
BLR/kg 1i.v.,altogether eleven injections. Total white blood cell count was
determined at intervals indicated in the legend to Fig15 and rectal temperature
taken just before injection and everj h thereafter for 6 - 8 h. Firstly,
each BLR administration resulted in full leukocyte count increase . Secondly,
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the amount of fever produced was the same after the first ¢ the last of

the eleven wrxawv injection (Fig. 15). These data clearly cemonstrate failure
of tolerance to develop after repeated i.v. administratior. of BLR , as
already suggested by results illustrated in Fig. 10 . T: these same

rabbits , E.coli endotoxin (1.5 Ja / kg ) was injecced i.v. every 48 h
totalizing 7 injections ) . The mean peak of polynuclzar count declined

on successive days in parallel with fever decrease { Fig. 15 ). Endotoxin
rabbits normally to mrxnww ¢ full expression of their
Teukopoietic activity and undiminished fever respons: . In rabbits treated
with high dosages of Endoxan (100 mg/ 3 kg rabbit), endotoxin (1.0 Jia/ka) does
Tiberation whi’2 under the same conditions

tolerant respond

not induce transcient polynuclear
5 mg of mrxﬂwv induce the restoration of normal ﬂmcronzﬂm level with peak
response between 24-48 h without inducing toleraice phenomenon. The demons-
trations that mrthV actively induce not only leukocyte but also platelet
formation in rabbits treated with daunorubicin for instance , show that
their physiological effects areclearly distinguishable from that exhibited

by endotoxin . L

Pyrogenicity of various ucﬂzwmco:ca_moﬁmmmm. The pyrogenic effect of mrmﬁmw
( 1mg/ kg ), of Poly AG (1 mg/kg ) and of Poly I = Poly C (5 pa/kg) was
determined in rabbits injected i.v. ir duplicate for each substance. Anal
temperature was measured . The mean values
1.4°C , 1.9°C and 2.0°C and so called temperature period lasted for 4-5 h.
The pyrogenic effect of mrxﬂmv is no higher for 20 mg BLR/kg than for

1 mg BLR/kg, which suggests that the pyrogenic effect of mrxﬁmv is due to
the RNA fragments themselves and not to any possible contaminant. When
given per os

( AT maximum) were respectively

mrxﬁmv are not pyrogenic .

mmmﬁwv activity and animal behaviour . No modification of behaviour was observed
in Endoxan-treated or control untreated rabbits which were given i.v. BLR

dosages of 0.5 to 20 mg/kg. In 20-22 gr mice injected i.p. with 2 to 20 mg mrxﬁmv.
no adverse reactions were noted and the animals survived in normal condition.

The
replication of DNA from

MWxAmU and malignant cell development in mice under chemotherapy.
fact that mrxnwu do not stimulate the in vitro

cancerous tissues suggested that in vivo , they could not stimulate malignant
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Two healthy rabbits ( 3 = 3.5 kg) received 5 Mg of LPS (E.coli 011 B4
Endotoxin ) i.v. every 48 h . Anal temperature was taken. Average

sented. White blood cells count was determined at T, +8h

values are pre

{

(there is no more tolerance

peak value ). After rest of three months

i.v.

these same rabbits received 5 mg of BLR

to endotoxin )

every 48 h . Anal temperature and white blood cell count (WBC) were

1n snn

WALt

determined



of BLRs is evidenced by various observations : 1) the increare: of leukocyte
and platelet counts produced by BLRs never exceeds norms! physiological
limits and there is no cumulative effect following repeatec. dosages; 2) an
excess BLR dosage never produces overhigh counts of circuiating leukocytes
and platelets (this is certainly connected to the finite life span of these blood
cells); 3) a normal balance polynuclears and lymphocytesis restored within a
few hours following BLR injection; 4) BLRs are not toxic; 5) BLRs do not
induce tolerance phenomenon; 6) BLRs have no priring effect on in vitro
replication of DNA from various cancerous tissues ard stimulate neither cells
in mice nor pathological leukocytes.

All these results clearly show that these RNA-fragments ( BLRs) do not act
by liberating leukocytes and platelets from a reserve pool, but instead act on
stem cell DNA replication (stem cell compartment), stem cell division, and
also on differentiation in the multiplying coripartment, thus giving rise to
polynuclears and platelets. Preliminary experiments (Plawecki and al.,
unpublished) show an increase of myelocyte count in the bone marrow and
also in the circulating blood of BLR treate:l rabbits. The fact that in animals
pretreated with BLRs, daunorubicin has 1 far smaller decreasing effect on
platelet and leukocyte counts confirms clearly that a competition exists
between BLRs and daunorubicin for siem cells and their derivatives. This
competition can also be observed during _in vitro DNA replication.

It should be emphasized that rabbits, permanently treated with high
cyclophosphamide doses which are lethal for sensitive animals within 8 to 12
days (leukocyte depletion) but receiving a weekly 2 - 6 mg BLR i.v. injection
have been kept alive and healthy for 2 — 3 years and showed no ill effect after
simultaneous cessation of both the antimitotic drug and BLRs. It should be
recalled that once BLRs have achieved their effect on leukocyte and platelet
genesis they are degraded by endogeneous nucleases present in animal tissues.
BLRs, which are also active per os, do not impede the activity of anti-cancer
drugs.

From our four years observations of many rabbits and mice under various
conditions, BLRs, which act on humans as they do on animals, may contribute
very positively to the cure of leukocyte and platelet deficiencies whether they
are induced by chemotherapy (particularly cancer therapy), by various
aliments or by genetic defects.
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of BLRs is evidenced by various observations : 1) the increase of leukocyte
and platelet counts produced by BLRs never exceeds normal physiological
limits and there is no cumulative effect following repeated dosages; 2) an
excess BLR dosage never produces overhigh counts of circulating leukocytes
and platelets (this is certainly connected to the finite life span of these blood
cells); 3) a normal balance polynuclears and lymphocytes is restored within a
few hours following BLR injection; 4) BLRs are not toxic; 5) BLRs do not
induce tolerance phenomenon; 6) BLRs have no priming effect on in vitro
replication of DNA from various cancerous tissues and stimulate neither cells
in mice nor pathological leukocytes.

All these results clearly show that these RNA-fragments ( BLRs) do not act
by liberating leukocytes and platelets from a reserve pool, but instead act on
stem cell DNA replication (stem cell compartment), stem cell division, and
also on differentiation in the multiplying compartment, thus giving rise to
polynuclears and platelets. Preliminary experiments (Plawecki and al.,
unpublished) show an increase of myelocyte count in the bone marrow and
also in the circulating blood of BLR treated rabbits. The fact that in animals
pretreated with BLRs, daunorubicin has a far smaller decreasing effect on
platelet and leukocyte counts confirms clearly that a competition exists
between BLRs and daunorubicin for stem cells and their derivatives. This
competition can also be observed during _in vitro DNA replication.

It should be emphasized that rabbits, permanently treated with high
cyclophosphamide doses which are lethal for sensitive animals within 8 to 12
days (leukocyte depletion) but receiving a weekly 2 — 6 mg BLR i.v. injection
have been kept alive and healthy for 2 — 3 years and showed no ill effect after
simultaneous cessation of both the antimitotic drug and BLRs. It should be
recalled that once BLRs have achieved their effect on leukocyte and platelet
genesis they are degraded by endogeneous nucleases present in animal tissues.
BLRs, which are also active per os, do not impede the activity of anti-cancer
drugs.

From our four years observations of many rabbits and mice under various
conditions, BLRs, which act on humans as they do on animals, may contribute
very positively to the cure of leukocyte and platelet deficiencies whether they
are induced by chemotherapy (particularly cancer therapy), by various
aliments or by genetic defects.
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