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ABSTRACT. The response of hematopoietic progenitors hGH and IGF-I are polypeptides that regulate proliferation 
to the growth promoting effects of hGH and IGF-I has and metabolic processes in a variety of mammalian cell types 
been documented. In this study, the effects of recombinant (1). Considerable evidence exists indicating an effect of these 
hGH and IGF-I on the growth of circulating erythroid peptides in normal human erythropoiesis. Both hGH and IGF-I 
burst forming cells (BFU-E) from growth-IGF-I retarded induce potentiation of colony formation by erythroid (BFU-E) 
children with insufficient growth hormone secretion as well as myeloid progenitor cells from normal human donors 
(IGHS) were evaluated and compared with values obtained (2-5). IGF-I, which is presumed to mediate the effect of GH in 
from either children with short stature and normal growth various tissues, probably is the mediator of GH in erythropoiesis 
hormone levels (SNGH) or normal donors. Both recombi- (4), although some reports suggest a direct effect of hGH on 
nant hGH and IGF-I had significantly greater stimulatory BFU-E (1, 2, 6). Studies on leukemic cell lines as well as on 
effects on the growth of BFU-E from the IGHS compared freshly obtained marrow cells from children with acute leukemia 
with the SNGH and with the normally growing children. also indicate that hGH and IGF-I may enhance in vitro human 
At its optimal concentration of 200 pg/L, recombinant hGH leukemic cell proliferation (7). 
had a stimulatory effect on the growth of BFU-E from 11 Growth retardation in children often is associated with low 
IGHS children yielding a mean f SD value of 2.0 f 0.3- circulating GH. No data as to the in vitro erythroid response to 
fold above the unstimulated controls compared with 1.45 either hGH or IGF-I are available in those children. However, 
f 0.16-fold and 1.36 k 0.04-fold stimulation of BFU-E in growth-retarded children with Laron dwarfism, a disorder 
from six SNGH and five normal donors, respectively. characterized by high levels of circulating GH, subnormal levels 
Similarly, IGF-I, at its optimal concentration of 0.065 of circulating IGF-I, and unresponsiveness to hGH, peripheral 
nmol/L (0.5 ng/mL), stimulated IGHS-derived BFU-E BFU-E were found to be unresponsive to in vitro treatment with 
growth 1.67 2 0.25-fold above unstimulated controls, com- hGH (6). The present study was therefore undertaken to examine 
pared with 1.28 2 0.17-fold and 1.3 2 0.1-fold stimulation the response of erythroid progenitors from donors with insuffi- 
of BFU-E from SNGH and from normal donors, respec- cient GH secretion to the erythropoietic effects of hGH and IGF- 
tively. The hGH- and IGF-I-induced stimulatory effects I in comparison with the response of progenitors from donors 
could be neutralized by their respective specific MAb. This with normal GH levels. 
significantly increased reactivity of erythroid progenitors 
from growth-retarded IGHS children to the erythropoietic MATERIALS AND METHODS 
effects of hGH and IGF-I may be the result of increased 
availability of cell surface receptors to these hematopoietic Patients. seventeen patients, eight boys and nine girls, between 
"synergistic" factors, secondary to their ambient decreased the ages of 6.5 and 14.5 y were studied. All patients had growth 
circulating concentrations in viva. ,,itro studies of pe- retardation with growth velocity below -2 SD for their chrono- 
ripheral blood BFU-E responsiveness to hGH and to IGF- logic age and gender. They were divided into two groups: Eleven 
I may be useful in implicating these peptides in growth (six boys and five girls) were diagnosed as having IGHS, based 
retardation and possibly in predicting in viva response to On their mbnormal spontaneous 24-h GH serum integrated 
them. (Pediatr Res 32: 282-285, 1992) concentration levels (2.37 f 0.7 1 pg/L) (8). Their GH responses 

to provocative tests with insulin, arginine, and clonidine (9, 10) 
were, however, within normal range (16.03 f 9.2 pg/L). The 

Abbreviations second group of six children (two boys and four girls), whose 
rEpo, recombinant erythropoietin GH serum integrated concentration and GH responses to pro- 
GH, growth hormone vocative tests were normal (4.88 k 1.48 and 29.73 f 13.2 pg/L, 
BFU-E burst forming units-erythroid respectively), were defined as children with short stature and 
IGHS, insufficient growth hormone secretion normal GH, and together with five healthy, age-matched children 
SNGH, short stature with normal growth hormone secre- of normal stature, served as a control group. Hb levels, reticulo- 

tion cyte counts, red blood cell counts, and mean corpuscular volume 
PB, peripheral blood values were within normal range in both the study and the 
rhGH, recombinant human growth hormone control groups. Participation of all children studied was contin- 

gent on obtaining parental informed consent, conforming with 
institutional standards and approved protocols for research in- 
volving human subjects. 

Received November 28, 199 1; accepted April 7, 1992. Assay for BFU-E. Heparinized PB samples were layered on 
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p~tal, Rehovot, 76 100, Israel. nuclear cell fraction. Circulating BFU-E were measured by a 
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modification of the assay of Dukes et al. (1 1). Mononuclear PB 
cells were plated at 5 x 10' in 1 ml of Iscove's modified 
Dulbecco's medium containing 30% FCS, 0.8% methylcellulose, 
and a stimulating dose of 1 unit of rEpo (Eprex, Cilag, Switzer- 
land). The GH and IGF-I levels in FCS were <O. 1 &/L and <3 
nmol/L, respectively. Cultures were incubated in a humidified 
atmosphere of 5% COz at 37"C, and colonies were scored in 
duplicate cultures after 10 d. Before plating, cells were pulsed for 
48 h at 37°C in 5% COz, in liquid medium with rhGH (Biotech- 
nology, Rehovot, Israel) or IGF-I (Incstar, Stillwater, MN) at the 
indicated concentrations in the presence or absence of their 
respective antibodies [i.e. anti-hGH (Oris Industries, Yvepte, 
France) or anti-IGF-I (Incstar)]. Anti-hGH and IGF-I were added 
to the incubated cells at 1:200 and 1: 1000 dilutions, respectively, 
2 h before the addition of hGH or IGF-I. 

Statistical analysis. Data are presented as the mean + SD. The 
significance of difference between mean values was calculated 
using the t test. 

RESULTS 

Enhancement of BFU-E by rhGH, in rEpo-stimulated cul- 
tures, could be detected at a hormone concentration of 50 pg/L 
and was maximal at 200 pg/L (Fig. 1). It should be noted that 
BFU-E colony numbers in the control cultures (i.e. no hormone 
added) were 39 + 12,29 + 7, and 30 + 5 per 5. 105 cells in the 
IGHS, SNGH, and normal donors groups, respectively, and were 
not significantly different ( p  > 0.1 1). Potentiation of BFU-E 
colony formation in cell cultures from the IGHS children, using 
200 pg/L rhGH (2.0 + 0.3-fold of control BFU-E; p < 0.01) was 
significantly greater ( p  < 0.002) than the increase observed in 
cell cultures from growth-retarded children with normal GH 
(1.45 + 0.16-fold of control) and was also significantly greater ( p  
< 0.001) than the increase observed in cultures from normal 
donors (1.36 4- 0.04-fold of control BFU-E). Furthermore, the 
frequency of the observed GH-induced increase in BFU-E growth 
of >1.5-fold was 91 % (10 of 11) of the IGHS children, 33% (two 
of six) of the SNGH group, and none (zero of five) of the normal 
donors. 

IGF-I-induced enhancement of BFU-E was detected at a con- 
centration of 0.032 nmol/L (0.25 ng/mL) and was maximal at 
0.065 nmol/L (0.5 ng/mL) (Fig. 2). Potentiation of BFU-E 
colony formation in cell cultures from the IGHS children, using 
0.5 ng/mL recombinant IGF-I (1.67 + 0.25-fold of control BFU- 
E; p < 0.007), was significantly greater ( p  < 0.006) than the 

Fig. 1. Effect of hGH on development of BFU-E cultured in vitro 
from the peripheral blood of 11 patients with IGHS, six children with 
short stature and normal GH S-NGH, and five normal growing children 
NG. Cultures were stimulated with 1 unit of rEpo. Results represent the 
mean +- SD of all patients of each group, performed in duplicate. 
Conversion to SI units: hGH (pg/L) = (ng/mL). 
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Fig. 2. Effect of IGF-I on development of BFU-E cultured in vitro 
from the PB ofthe studied patients. Conversion to SI units: IGF-I (nmol/ 
L) = (ng/mL) X 0.1307. Abbreviations as in Figure 1. 
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Fig. 3. Effect of hGH and IGF-I at their optimal concentrations on 
the growth of BFU-E from the PB of the studied patients, expressed as 
% of control (no hormone added). Abbreviations as in Figure 1. 

increase observed in cell cultures from SNGH children ( I  .28 + 
0.17-fold of control) and was also significantly greater ( p  < 
0.009) than the increase observed in cultures from normal donors 
(1.3 + 0.1 -fold of control) (Fig. 3). The frequency of the observed 
IGF-I-induced increase in BFU-E growth of >1.5-fold was 67% 
(six of nine) of the IGHS children, 17% (one of six) of the SNGH 
children, and none (zero of five) of the normal control group. 

The specificity of the described hormone-induced growth- 
potentiating effects was studied in the PB cultures of three IGHS 
patients and was demonstrated by the complete neutralization 
of the hGH-induced effect using. an anti-hGH antibody (at a 
dilution of 1 :200) and of the IGF-I-induced effect using an anti- 
IGF-I antibody (at a dilution of 1:1000) (Fig. 4). 

DISCUSSION 

Previous studies have demonstrated that hGH and IGF-I 
enhance in vitro proliferation of erythroid precursors (2, 4-6), 
and recent reports also have shown that both hGH and IGF-I 
enhance the in vitro growth of human bone marrow derived 
granulomonocytic colonies (3) and of leukemic blast colonies 
(7). Growth-retarded children with isolated GH deficiency are 
not regularly presented with significant anemia, although this 
finding has been postulated by at least one report (5) .  It has been 
long established, however, that hypophysectomized animals are 
anemic and that patients with pituitary malfunction suffer from 
a similar condition (12, 13). The anemia and the impaired DNA 
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Fig. 4. Neutralization of h G H  a n d  IGF-I-induced enhancement of  
P B  BFU-E growth by anti-hGH a n d  IGF-I antibodies (AB). Each bar  
represents the mean * SD of BFU-E from the peripheral blood of  three 
lGHS patients expressed as  % of control. AntihGH a n d  IGF-I AB were 
added at 1 :200 and  1: 1000 dilutions, respectively. 

and RNA synthesis in the bone marrow of hypophysectomized 
rats could be restored by GH (14), whereas treatment of prepu- 
bertal hypopituitary dwarfs with hGH in doses sufficient to 
induce linear growth induced increased hematopoiesis (13). In 
contrast, hGH failed to enhance erythropoiesis in acromegalic 
patients (1 5). 

This study compares the response to hGH and to IGF-I of 
erythropoietic progenitor cells from 1 1 patients with insufficient 
GH secretion [a short-stature disorder characterized by a sub- 
normal spontaneous GH secretion but a normal response to 
provocative tests, previously termed "neurosecretory dysfunc- 
tion" (16)] with the response of cells from six growth-retarded 
patients with normal GH levels and five normally growing 
children. Focusing on growth-retarded children with IGHS as 
the study group seems to be appropriate because several reports 
have claimed that children with IGHS may represent a subset of 
growth-retarded patients with subnormal GH levels who could 
benefit from hGH therapy (8, 16, 17). Indeed, treatment of IGHS 
children for 2 y with hGH elicits a marked growth response 
similar to that noted in patients with a subnormal GH response 
to provocative tests (18). BFU-E from the IGHS children were 
significantly more responsive to the erythropoietic potentiating 
effects of both hGH and IGF-I than to BFU-E from the growth- 
retarded patients with normal GH levels or from normal donors. 

The mechanism whereby hGH, alone or mediated by IGF-I, 
enhances the in vitro growth of human erythroid progenitors is 
not clear. Recent studies have shown that murine Friend eryth- 
roleukemia cells were specifically stimulated by GH (19) and, 
furthermore, that hGH acted as a potent direct stimulator of the 
human erythroleukemia cell line K562 (20). Indeed, membrane 
receptors for IGF-I have been detected in human erythrocytes 
(21). 

Recently, attention has been directed toward several growth 
factors that do not stimulate hematopoietic colony formation 
directly but enhance the response of hematopoietic stem cells to 
specific proliferative and differentiative signals of terminal 
growth factors. GH and IGF-I may be classified as an example 
of those "synergistic hematopoietic growth factors" (22). It has 
been suggested that exposure to these synergistic hormones may 
be required for the initiation of DNA synthesis and hemato- 
poietic cell division. Although the mechanism of this synergism 
is not clear, an attractive hypothesis, supported by some experi- 
mental evidence (23), suggests the induction of enhanced recep- 
tor expression in primitive stem cells, more ofwhich then become 
responsive to specific inducers of terminal differentiation. The 
cause for the significantly greater response of erythroid progeni- 

tors from patients with insufficient GH secretion to the synergis- 
tic hematopoietic effect of both GH and IGF-I remains unre- 
solved. Because clinically a correlation exists between the initial 
GH levels and the achieved linear growth in growth-retarded 
patients under hGH therapy (18), by analogy the increase in 
responsiveness of their hematopoietic cells to GH and to IGF-I 
may be the result of an increased availability of cell surface 
receptors to these peptides, secondary to their decreased circulat- 
ing concentrations in vivo. In disorders associated with increased 
circulating GH levels such as acromegaly, no erythropoietic effect 
of GH could be detected (15). The performance of receptor- 
binding studies would have undoubtedly elucidated the mecha- 
nisms involved in the effects of "synergistic" factors in the 
enhancement of in vitro erythropoiesis in IGHS patients. Unfor- 
tunately, these were not performed in the present study because 
it is extremely difficult to isolate human PB hematopoietic 
progenitors in sufficient quantity for such studies. Changes in 
the BFU-E response to hGH and IGF-I in these patients, after 
hGH therapy, is under investigation. 

These findings indicate that in vitro studies of erythroid pro- 
genitor responsiveness to GH and to IGF-I may be useful in 
implicating those peptides in growth retardation, as well as in 
predicting in vivo responses to them. In addition, the findings 
suggest a possible hematopoietic synergistic effect of GH or IGF- 
I in children with other disorders such as end-stage renal disease, 
a condition characterized by erythropoietin responsive anemia 
(24), in which growth retardation currently is being treated by 
hGH (25). The potential synergism between the hormones hGH 
and IGF-I and the hematopoietic growth factor rEpo on eryth- 
ropoietic cell growth in these children is under investigation. 
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Erratum 
In the article "Oxygen-Related Prostaglandin Synthesis in Ductus Arteriosus and Other Vascular Cells" by 

Marlene Rabinovitch et al. (Pediatr Res 26:330-335, 1989), the labels on the left axes of Figure 3 were transposed. 
The corrected figure is shown below. We regret this error. 

GKPGF,a PGE2 GKPGF,a PG E2 

MICROVESSEL PA CENTRAL PA 
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