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I n  vivo Transfer of a Thrombopoietic Factor." (26874) 

BERTRAM SPECTOR (Introduced by Marjorie B. Zucker) 
Clotting Mechanism Section, Division of Experimental Surgery and Physiolog9, Sloan-Kettering 

Institute for Cancer Research, New York C i t y  

The fact that the platelet count remains 
remarkably constant for months ( 1 ) although 
survival time of individual platelets is less 
than 2 weeks( 2,3,4,5,6) suggests that there 
is a regulatory system or thrombocytostatic 
mechanism. Regulation implies feedback 
control in which unbalance acts as a stimulus 
to restore balance. According to this hy- 
pothesis, thrombocytapenia induced in an 
animal should stimulate thrombolpoietict ac- 
tivity to compensate for decreased platelet 
concentrations in the circulation. 

Craddock et d ( 7 )  and Matter and asso- 
ciates (8) reported increased thrombopoietic 
activity in dogs and rats, respectively, 4 days 
after production of severe thrombocytopenia 
by thrombopheresis. Both groups assumed 
that the thrombocytopenia was the sole sti- 
mulus for the thrombopoietic activity. How- 
ever, recent unpublished experiments of the 
author showed that relatively moderate 
thrombocytopenia induced in rabbits by 
thrombaphereslis resulted in pronounced 
thrombocytosis. Control experiments involv- 
ing anesthesia and sham operations also pro- 
duced very marked increases in platelet 
counts 3 to 4 days later. Because results 
were variable, the contribution of thrombo- 
cytopenia alone as a thrombopoietic stimulus 

*This study was supported by contract with 
Atomic Energy Commission and was submitted in 
partial fulfillment of the requirements for the Ph.D. 
degree from Sloan-Kettering Division, Graduate 
School of Medical Sciences, Cornell Univ. Med. Coll. 
An abstract appeared in Fed. Proc., 1961, 20, 67. 

t It is recognized that the proper term is throm- 
bocytopoietic but for convenience it is contracted to 
thrombopoietic. 

was not amenable to quantitative analysis 
when thrombocytopenia was produced in rab- 
bits by thrombopheresis. 

These results indicated the importance of 
minimizing stress and suggested that a 
thrombopoietic factor in blood plasma might 
be demonstrable by intravenous transfer of 
plasma from thrombocytopenic donors to un- 
stressed recipients. Provided that transfer 
of normal plasma was ineffective, a rise in 
platelet count could be interpreted as a re- 
sponse to a thrombopoietic factor induced by 
the t hrombocy t openia. 

Methods. Female albino rabbits (Blue 
Spruce) were used. Platelet counts were 
taken by puncture of an ear vein, using the 
direct method of Brecher and Cronkite( 9). 
Although duplicate counts were not taken 
routinely, critical changes were often verified 
by a second technician. A .  Daily variations 
in circulating platelets. Platelet counts of 
9 rabbits were taken for 4 consecutive days 
and again on the seventh day. Three of the 
rabbits had been splenectomized more than 
a month prior to tests, but platelet levels had 
returned to pre-operative values within a 
week. B ,  Transfer of plasma from normal 
donors to  noma! recipients. Plasma was. ob- 
tained from rabbits which showed steady 
platelet levels for a t  least one week prior to 
sacrifice. Blood was collected by heart punc- 
ture, performed under Nembutal anesthesia. 
Each 7.5 ml was put in a Becton and Dickson 
3200 KA tube which provides a large excess 
of heparin. Within 2 hours of bleeding, 2 5  
ml plasma were injected intravenously into 
each of 15 unanesthetized recipients, 4 of 



TRANSFER OF THROMBOPOIETIC FACTOR 147 

TABLE I. Production of Tlirombocytopeilia in Rabbits and Effect of Injecting Their Plasma 
on Platelet Count of Normal Recipients. 

f Donor -- (--Recipient- - -, 

Treatment until bled 103/mm3 ml/kg Day0 Day4 % 

Platelet coiin t Platelet count, 1Oa/rnm3 
Interval when blcd, Dose, Increase, 

12 days 90 

43 ” 165 

20 hr 125 
20 ” 175 ] 

2 ” 215 
3 ” 10 

- 3 ” 

- 1  4 ” 

4% ” 

3 ” “ “ j  
Mean & S.D. 

6.0 
1.9” 
6.6 

6.6 { 

500 690 
375 460 
325 710 
405 640 
475 740 
390 760 
385 1,035 
445 580 
340 710 
415 765 
605 1,015 
720 735 
480 860 
500 630 
705 940 
471 & 121 

138 
123 
218 
157 
156 
195 
269 
131 
209 
184 
167 
102 
179 
126 
133 
166 2 14 

* Splenecto,mized recipients. 
Brackets indicate that donor plasma was pooled or that several recipients received samf: 

donor plasma. 

which had been splenectomized previously 
and all of wh4ich had demonstrated normal 
and constant control platelet levels for at 
least one week prior to injection. Doses var- 
ied from 5.9 to 8.1 ml donor plasma per kg 
recipient body weight. C .  Transfer of plasma 
from thrombocytopenic donors to normal re- 
cipients. Two animals were made thrombo- 
c y t o p d c  by administration of 1 .+dime- 
thane sulphonyloxybutane (Myleran, Bur- 
roughs Wellcame Co.) ,  and 8 were given 
anti-platelet serum (Table I ) .  Myleran was 
homogenized with peanut oil in a concentra- 
tion of 1 0  mg/ml and administered subcu- 
taneously. Anti-rabbit platelet serum was 
prepared in dogs by a technic described by 
Elliott and Whipple( lo ) ,  with slight altera- 
tion of antigen injection schedule. It was 
not adsorbed with erythrocytes or leukocytes. 
After intravenous injection of 5-8 ml anti- 
platelet serum into rabbits, the platelet 
counts fell to a few thousand per cu mm 
within a few minutes. The animals were bled 
between 2 and 24 hours later when platelet 
counts ranged from 10,000 to 215,000 per 
cu mm. Plasma was prepared and 25 ml 
injected in the same manner as normal 

plasma into 11 normal and 2 splenectomized 
recipients. Two additional splenec tomized 
recipients received 10 ml. 

Results. A. Daily variations in circulating 
platelet count (Curve A, Fig. 1). With rare 
exceptions, the platelet counts of healthy rab- 
bits which had been in the laboratory for 
more than 10 days were between 350,000 and 
7OO,OOO/cu mm and were quite constant. 
For the 9 animals subjected to consecutive 
counts, average platelet count was 514,000 t 
S.D. 75,OOO/cu mm on day zero. On subse- 
quent days, the group average platelet count 
was within 5% of this initial average, and 
maximum standard deviation for any day 
was 18%. Data for days 4, 5 and 6 of curve 
By Fig. 1, were obtained by respectively com- 
paring the counts on days 3, 2 and 1 with 
that on day 7. 

B. Transfer of plasma from normal donors 
to normal recipients (Curve B, Fig. 1). Three 
days following transfer, the group average 
platelet levels were 88% t S.D. 25% cuf 
average control value of 543,000 I+ S.D. 
12 1,0(40 plateletsJcu mm blood. This was a 
significant decrease compared to the varia- 
tions found in control Group A ( t  = 2.205; 
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"0 *I +2 +3 +4 +5 6 4 
Days post-inlectlon 

FIG. 1. Effect of plasma iiijectioiis on avg platelet, 
count of rabbits. (A)  9 uilinj. rabbits; (B) 15 
rabbits given plasiiia froiii normal rabbits on day 
0 ;  (C) 15 rabbits given plasma from thrombocyto- 
penic rabbits on day 0. Brackets indicate stand. 

dev. 

0.05 >p>O.O2. A significant decrease was 
not observed on the fourth day following 
transfer ( t  = 1.29; 0.3>p>0.2). No dif- 
ference was noted in the response of splenec- 
tomized and non-splenectomized recipients. 

C. Transfer of plasma from thrombocyto- 
penic donors to normal recipients (Table I; 
Curve C ,  Fig. 1). A marked increase in 
platelet count was observed. Comparison 
with the uninjected group ( A )  and the group 
receiving normal plasma ( B )  on the third 
and fourth days ,following transfer revealed 
highly significant differences ( p < < 0.001 ) . 

Discussion. Injection of plasma from rab- 
bits made thrombocytopenic by administra- 
tion of Myleran or antiplatelet serum into 
homologous species recipients, whether splen- 
ectomized or not, causes a marked rise in the 
platelet count. The duration of the response 
an,d 4-day interval between transfer and peak 
response suggest that the plasma stimulates 
production of new platelets rather than mo- 
bilization of sequestered platelets. Further 
experiments will be necessary to substantiate 
this belief. It is of interest that active plasma 
was obtained as early as 2 hours fdlowing 
production of acute thrombmytopenia by 
anti-platelet serum as well as d t e r  slow de- 

velopment of thrombocytopenia following 
Myleran injection. Normal plasma d m  not 
induce thrombocytosis; on the contrary, 
there is evidence af a significant decrease in 
platelet levels 3 days following injection, but 
not on the fourth day.: 

Other recent investigations have demon- 
strated in z~i'uo transfer of a thrombapoietic 
factor. Keleman et aZ.(11) reported that in- 
jection of serum from thrombocythemic and 
some thrombocytapenic patients induced 
thrombocytosis of several days' duration in 
mice. Results, however, were variable be- 
cause oif the uncontrolled nature of the 
source. Injection of normal serum lowered 
the platelet count, and the effect of active 
test serum was counteracted by mixing i t  
with normal human serum prior to injection. 

Schulman et aZ.( 12) observed that an un- 
usual splenectomized patient with congenital 
persist en t t hr ombocy topenia consist en tly 
showed thrombocytosis for more than 2 
weeks following injection af normal plasma. 
They concluded that a factor in normal hu- 
man plasma is required for platelet produc- 
tion, and that thrombocytopenia results from 
its deficiency. 

Normal plasma or serum appears both to 
stimulate and inhibit thrombopoiesis, and 
regulation of platelet count may be governed 
by a balance between these actions. The 
stimulating activity can be demonstrated 
either when the recipient is deficient in 
throlmbopietic ifactor, as in Schulman's pa- 
tient, or when a normal recipient receives 
plasma from thrmbocythmic or thrombmy- 
topenic donors. It remains to be determined 

In preparation for further studies on thrombo- 
poietin, Dr. Marjorie Zucker injected 17 additional 
rabbits with 25 ml plasma from rabbits made throm- 
bocytopenic with antiplatelet serum. The average 
platelet count 4 days later was 121% -i S.D. 40% of 
the control value. This was significantly different 
(p <0.02) from the platelet count 4 days after in- 
jection of normal plasma. The reason that the re- 
sults were less striking than Dr. Spector's is not 
known. Odell and McDonald (Fed. Proc., 1961, 
v20, 51) have also reported transfer of thrombo- 
poietin. Injection of serum from bled rats into 
normal rats elevated platelet counts to 160% of con- 
trol value in 5 days. 
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whether the thrombopoietic effect of plasma 
from such donors is the result of an increased 
concentration of a stimulating factor or de- 
creased concentration of an inhibitory ma- 
terial. 

Injection of plasma f r m  rab- 
bit donors made thrombocytopenic by My- 
leran or anti-platelet serum into 15 un- 
stressed rabbit recipients raised platelet 
counts to 166% af control levels 4 days fol- 
lowing transfer. These results are highly 
significant (p<O.OOl) when compared to the 
mild thrombocytopenia produced in 15 rab- 
bits receiving plasma from normal donors or 
when compared to the daily variations in 
platelet levels of 9 uninjected rabbits. The 
response of normal and splenectomized re- 
cipients was similar. These results suggest 
that plasma contains stimulatory and in- 
hibitory factors which regulate platelet lev- 
els. 

Summary. 

I acknowledge with gratitude the advice and criti- 
cism offered by Dr. Marjorie B. Zucker, and techni- 
cal assistance of Elaine Beck, Elizabeth Davidson, 

Myrtle Martin, Eva Neer and Ethel Spector. 
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Comparative Reactivities of Non-fibrous and Fibrous Forms of 
Desoxyribonucleoprotein with Lupus Erythematosus Serum.” (26875) 

THOMAS S. EDGINGTON ANI? ROY L. WALFORD (Introduced by Sidney C .  Madden) 
Department of Pathology, University of California Medical School, Los Angeles 

Numerous investigators have reported that 
factors in the sera of patients with dissemi- 
nated lupus erythematosus (LE) may react 
with whole cells ( 1 ) , isolated nuclei ( 2,3), de- 
soxyribonucleic acid (DNA) (3,4,5), de- 
soxyribonucleoprotein (DNP) (4,6,7,8), and 
histone(9). It has been demonstrated that 
there are sqarate components of LE sera 
that react with each of the “antigens”. This 
reactivity has been demonstrated by a va- 
riety af immunologic technics including cum- 
plement fixation, latex agglutination, hemag- 
glutination, precipitation, and fluorescence 
microscopy. The so-called “LE factor” is re- 
active only with DNP and not with isolated 

*This study was aided by research grant from 
Nat. Inst. Health. 

histme or DNA(8). In  detecting the anti- 
DNP activity of LE sera, fibrous prepara- 
tions of DNP have been utilized. These 
forms of DNP dissociate into DNA and his- 
tone in the molar NaCl utilized in prepara- 
tion, and it is not certain that the re-associa- 
tion product has the identical spatial associa- 
tion of histone and DNA present in DNP in 
vivo. Among the numerous preparations of 
DNP described in the literature, only one 
does not dissociate in molar salt solution( 10, 
11 ) . No immunologic investigations are on 
record, so far as we are aware, utilizing nm- 
fibrous DNP in the role of antigenic com- 
ponent. The purpose af the present investi- 
gation was to determine the reactivities of 
non-fibrous and fibrous DNP with LE sera 


