
Vol. 66, No. 1, 1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

ERYTHROPOIETIN ACTION IN RAT HARROW CELL CULTURES IN COMPLETE ABSENCE 

OF DNA SYNTHESIS I .  EARLY EFFECT ON RNA SYNTHESIS 

MUKUL C. DATTA ~" AND PETER P. DUKES 

D iv is ion  of Hematology-Oncology Childrens Hospital of Los Angeles, and 
Departments of  Pedia t r ics  and Biochemistry, Un ivers i t y  of  Southern 
Ca l i f o rn ia  School of Medicine. Los Angeles, Ca l i f o rn i a  90027 

Received July 9,1975 

SUMMARY: Incubation of rat marrow cells with hexachloroiridate (4.5-5.5 x 
IO'4M) at 36.5 ° for 45 hours totally abolishes their DNA synthesis. One 
hour exposure to erythropoietln considerably stimulates the rate of RNA 
synthesis of such Iridium treated marrow cells. Since hexachloroiridate 
is reported to be an agent which inhibits mammalian cell division by 
blocking cells in the G I phase, it seems that early erythropoietin 
action resulting in stimulated RNA synthesis is independent of DNA 
synthesis and can take place in cells arrested in G I. 

I NTRODUCTI ON 

The regulatory role of erythropoietin (EPO), a glycoprotein hormone, in 

the control of red cell production is well accepted. Krantz and Goldwasser 

(1) have reported that the first observable molecular event which can be 

brought about in rat marrow cell cultures by EPO is an increase in RNA 

synthesis, 15 minutes after the addition of the hormone. Increases in 

DNA (2) and hemogobin synthesis (3) appear 3-I0 hours later. Employing 

fluorodeoxyuridlne and hydroxyurea Gross and Goldwasser (4) prevented the 

occurence of any increase in DNA synthesis during the first ten hours of 

culture in the presence of EPO and were still able to demonstrate an in- 

crease in RNA synthesis. However their experimental design still permitted 

a measurable amount of DNA synthesis to take place in the cultures. 

Similar observations have been reported with fetal mouse liver erythroid 

cell cultures (5,6) utilizing the above mentioned inhibitors and cytosine- 

arabinoside. All these agents seemed to be useful in reducing DNA synthesis 

*Leukemia Society Fellow 
Abbreviations: EPO, erythropoietln; Ir, sodium hexachlorolridate; PBS, 
phosphate buffered saline; TCA trichloroacetic acid 

Copyright © 19 75 by Academtc Pres% Inc. 
A ll nghts of  reproduction in a.y  form reserved. 

293 



Vol. 66, No. 1, 1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

of cu l tu red  c e l l s  to a great extent  but f a i l e d  to abo l i sh  i t  completely 

at dose leve ls  which were not a lso unacceptably t o x i c ,  The quest ion 

whether or not a low level  of DNA synthesis in cu l tu res  is a requirement 

fo r  EPO st imula ted RNA synthesis  had remained unresolved, Thus, i t  

seemed to be of  i n t e res t  to examine t h i s  aspect of  ea r l y  EPO act ion in a 

ra t  marrow ce l l  cu l t u re  system in which DNA synthesis has been completely 

abol ished by sodium hexach lo ro i r i da te  ( I r ) ,  an agent reported to i n h i b i t  

d i v i s i o n  of  mammalian c e l l s  by a r res t i ng  them in the G 1 phase (7)° 

MATERIALS AND METHODS 

Bone marrow cells were obtained from femora and tibiae of male Sprague- 
Dawley rats weighing between 170 g and 200 g° Cell culture was performed 
as described previously (8). DNA and RNA synthesis were measured based 
on incorporation of labelled precursors into acid precipitable materials. 
At the end of the labelling period the cells were washed with ice cold 
phosphate buffered saline (PBS), suspended in 4 ml of 5% trlchloroacetic 
acid (TCA) and kept in an icebath for 30 minutes. The TCA precipitates 
were collected on Whatman GF/C glass fiber filters (2°4 cm diameter), 
washed three times with 4 ml ~ TCA and once with 4 ml 95% ethanol. The 
filters were dried in an ove~ at 60 °, transferred to glass vials and 
digested with 0.8 ml NCS tissue solubilizer (Amersham/Searle Corporation) 
at room temperature away from fluorescent light. The samples were 
dissolved in a toluene based scintillation fluid and their radioactivity 
was determined in a Searle Analytic Mark II liquid scintillation counting 
system. Counting efficiency for 3H was 29%. 

Cell separation was performed by unit gravity velocity sedimentation 
according to the method of Miller and Phillips (9) in which cells sediment 
in a glass chamber containing a linear protein solution gradient. In our 
adaptation of the method we used a linear gradient of 15-30% calf serum 
(GIBCO) in PBS and collected 20 ml fractions after allowing 3 hours for 
sedimentation at room temperature. Nucleated cell numbers were determined 
in triplicate utilizing a Coulter counter model ZBI. 

Sodium hexach lo ro i r i da t~Na21rC16 ,6H20)  was purchased from Ventron 
Corporation Alfa Products,~urldine (21C~/.~rnmole) was obtained from 
ICN Chemical and Radioisotope Division and~methyl-thymidine (6.7 Ci/mmole) 
from New England Nuclear. 

The human urinary erythropoietin used was generously supplied by the 
National Heart and Lung Institute. It had been collected and concentrated 
by the Department of Physiology, University of the Northeast, Corrientes, 
Argentina and was processed further by our laboratory. In all experiments 
with one indicated exception, preparation H-IO-TaLSL (85.2 units/ mg protein) 
was used. The concentration of EPO employed was always 0.14 unlts/ml cell 
suspension° 

RESULTS 

Total abolition of DNA synthesis~ The dose of Ir and the time of 
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exposure to Ir capable of eliminating DNA synthesis entirely were 

determined° Figure l shows the dose dependence of the Ir effect, marrow 

cells pre-incubated for 45 hours with 4,5 x lO-4M Ir ended up with a 

complete inhibition of thymidine incorporation. In some experiments 4.5 

x IO'4M Ir did not supress DNA synthesis completely but the addition of 

5 or 5.5 x lO'4M Ir always resulted in total supresslon. Only e~peri- 

ments in which DNA synthesis was completely abollshed in the treated 

cultures form the basis of this report, A number of preliminary 

experiments indicated that DNA synthesis in cultures preincubated with 

Ir for 24 hours was reduced to I/3 of the control value whereas 45 hours 

treatment resulted in total cessation of DNA synthesis. 

Cell surviva1~ At the start and end of the incubation period nucleated 

cell numbet-s of control and Ir-treated cultures were determined. This 

was done in order to find out whether the elimination of the DNA synthesis 

of the treated cultures was due to an effect of Ir on surviving ce|is or 

simply due to a drastic reduction of the number of cells persisting in 

culture. As seen in Table l, doses of Ir which abolished DNA synthesis 

actually reduced the cell loss which normally occurs due to maturation 
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Figure I .  I n h i b i t i o n  of  DNA synthesis in ra te .ar row ce l l  cu l tu res  as a 
func t i on  of  d i f f e r e n t  concentrat ions of  Iro I~HI - thymid ine ( l  pCi/ml)  
was added at the end of  45 hours and incuba t ion 'con t inued  fo r  1 hour° 
Values are the means +. S.E. from 3 determinat ions° 
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Table I .  Survival of Nucleated Cellso 

Cell Counts at 
time zero 
(x lO-6/ml) 

Survival after /+5 Hrso:'~ 
(%) 

Control Iridium 
(4.5 to 5.5 x 10-4M) 

3.7 - 7°9 49.5 +. 3.6 67.0 +_ 2.6 

~" Values are the means . + S.E. from six dif ferent experiments 

and lys is  during cu l tu re .  A study was performed, u t i l i z i n g  the technique 

of cell separation at unit gravity, in an attempt to characterize the 

nature of the cells surviving after 45 hours incubation wlth and without 

fro I t  was found that the most pronounced apparent protective effect of 

I r  was exerted on large size cells sedimenting with the f i r s t  peak 

fractions of the separated cells (figure 2). I t  Is known from other 

studies (lO, l l )  that cell fractions with such sedimentation characteristics 

are enriched in cells highly responsive to EPO in terms of increased 

hemoglobin synthesis and glucosamine incorporation° I t  seems therefore 

that Ir-treatment augments the survival of EPO-responsive cells° 

Earl Y EPO action on RNA. sy.nth.esi.s , Cell cultures treated wlth I r  

increased their  RNA synthesis within one hour of the addition of EPO in 

the complete absence of DNA synthesis (table 2), The increases ranged from 

13o0 to 28°l% of control values° RNA synthesis of untreated cultures 

simi lar ly increased in response to EPO (range: I0.3 to 51.7%), The EPO 

speci f ic i ty  of the observed action on RNA synthesis was tested in an 

experiment in which the effects of the relat ively crude EPO (85°2 unlts/mg 

protein) used in this study were compared with the effects obtained with 

a preparation highly pur i f ied  by hydroxylapat i te chromatography (I1980 

units/mg protein) (t~bie 3), No difference was found between the effects of 

the two EPO preparations. 
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Figure 2° Velocity sedimentation profiles of rat marrow cells, 
tlons as described in Materials and Methods, 

Cond i- 

Constancy of  precursor pool s ize in the presence and absence of  EPO, 

Interpretation of the incorporation of more ~- uridine radioactivity 

into acid insoluble material as an increase of RNA synthesis is only 

valid if the addition of EPO did not lead to a change in the intracellular 

pool of RNA precursors, Relative pool size was compared by incubating 

EPO-treated and control cultures with 3 different levels of~- uridine 

per ml (table 4)° The results showed that, both in the presence and 

absence of Ir, EPO did not appear to influence the RNA precursor pool 

size° 

DISCUSSI,ON 

I t  has been reported p rev ious ly  (4 ,5 ,6 , )  tha t  EPO st imula ted DNA 

synthesis  is not required fo r  the expression of  the i n i t i a l  s t imu la to ry  

e f f ec t  of  t h i s  hormone on RNA synthes is ,  The s a l i e n t  f i nd i ng  of  t h i s  

communication is that  the ea r l y  EPO mediated increase in RNA synthesis 

of  marrow ce l l  cu l tu res  can take place in the t o t a l  absence of  DNA 

synthes is  therefore~ i t  seems to be possib le to conclude that  EPO, in 

the course o f  i t s  ac t ion  leading to e r y t h ro i d  c e l l u l a r  d i f f e r e n t i a t i o n ,  

can br ing about the t r a n s c r i p t i o n  of  ce r t a i n  DNA sequences w i thou t  the 

need fo r  a loosening up of  chromosomal s t ruc tu res  which occurs dur ing 
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DNA syn thes is .  This should be contrasted w i th  the requirement fo r  DNA 

synthesis  p r i o r  to  the t r a n s c r i p t i o n  and t r a n s l a t i o n  o f  hemoglobin genes 

both in the case when hemoglobin synthesis was caused by EPO ac t ion  on 

normal hemopoiet ic c e l l s  in cu l t u re  (5) or when i t  was caused by d imethy l -  

su l f ox i de  ac t ion  on Friend v i rus  in fec ted ce l l s  (12). I t  may be assumed 

tha t  the dercpression of  hemoglobin genes requires conformat ional  re- 

arrangements of  regu la to ry  pro te ins  or t h e i r  actual  removal from the DNA 

and that  these events may only  take place in chromosomal s t ruc tu res  

dur ing or a f t e r  DNA syn thes is .  Certa in o ther  ea r l y  t r a n s c r l p t i v e  events 

involved in e r y t h r o i d  d i f f e r e n t i a t i o n ,  on the other  hand, may take place 

on regions of  the DNA strands of  chromosomes accessib le to regu la to ry  

s igna ls  at  a l l  t imes. 

We employed 45 hours treatment w i th  4.5-5.5 x IO-4M I r  to abo l l sh  

DNA synthesis in ra t  marrow ce l l  cu l t u res .  Kolodny (7) has reported tha t  

such exposure to I r  blocked a number of  d i f f e r e n t  mammalian c e l l s  i nc lud ing  

3T3, HeLa and primary human embryo ce l l s  in the G 1 phase of  the ce l l  cyc le .  

I t  seems reasonable to assume that  the rat  marrow ce l l s  in our cu l tu res  were 

s i m i l a r l y  blocked in G 1 by I t .  The present study there fore  suggests tha t  

an ea r l y  phase of  EPO ac t ion  may take place dur ing GI, a l though i t  does 

not exclude the p o s s i b i l i t y  that  c e i l s  may also i n i t i a t e  t h e i r  response 

to EPO dur ing other  stages of  the c e i l  cycleo At any rate our f i nd ings  

are compatible w i th  the suggestion made by several authors (13,14,15) 

tha t  in order fo r  EPO to exer t  i t s  e f f e c t  i t  must enter  a ta rge t  ce l l  

dur ing Glo 
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