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The addition of different doses of IFN -r (5000 U/ml once or 200/400 U/ml — every second day) to cultured 
in vitro purified and enriched human hematopoietic CD34+ progenitor cells stimulated significantly their 
proliferation and differentiation to erythroid and myeloid lineages. The cytokine enhanced the formation of 
primitive erythroid colonies (burst-forming unit-erythroid — BFU-E) and myeloid colony-forming units 
(granulocyte/macrophage — CFU-GM). IFN-y exhibited weaker stimulatory affect on colony-forming unit 
— erythroid (CFU-E). Compared to the CFU-GM colony formation, BFU-E were more sensitive to the 
effect of IFN -г. CD34+ hematopoietic colony formation in vitro was quantitatively influenced not only by 
IFN -г but also by culture medium.
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Introduction

CD34+ hematopoietic progenitor cells are the most commonly used cell population for 
in vitro assays. Recent reports suggest that CD34 antigen is involved in the onset of hema­
topoietic cell proliferation and adhesion [4, 7]. The antigen expression decreases when 
maturing hematopoietic cells loose their capacity to form colonies in vitro.

Interferon-gamma (IFN-y) is an inflammatory cytokine known to act in vitro (when 
added to bone marrow cultures) as inhibitor of erythroid cell proliferation [8,9,14]. The 
results demonstrating the inhibitory effect of IFN-y on human hematopoietic progenitor 
cells suggest that it is mediated by accessory cells as T-lymphocytes and macrophages [8, 
12]. On the other hand there are reports showing the synergistic effects of IFN-y with SCF 
and IL-3 and thus IFN-y stimulates hematopoiesis [10]. The cytokine switches monocyte 
differentiation to macrophages instead of dendritic cells [3]. Due to the bipotent activities 
of this inflammatory cytokine [2, 5, 9, 10,12, 13], special attention must be paid to its 
affects on the hematopoietic progenitor cells — both in vitro and in vivo.
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When added to in vitro cultures of erythroid/myeloid cells the affects of IFN-y 
depend on the cytokine’s doses, duration time, the other growth factors present in the 
culture medium as well as on the degree of cell maturity (differentiation).

The aim of the present work is to investigate the affects of different doses of IFN-y 
on hematopoietic (erythroid and myeloid) colony formation in vitro (in semi-solid agar 
cultures of purified and enriched human hematopoietic CD34+ progenitor cells).

Materials and Methods

1. Cell cultures

Purified (92% purity) and enriched (5%) human hematopoietic CD34+ progenitor cells 
(kindly provided by the Laboratory for Immune Biology, Internal Medicine, Innsbruck, 
Austria), were thawed, washed with Hanks Balanced Salt Solution — HBSS (PAA Labora­
tories, Austria) and centrifuged for 15 min at 1050 rpm. After the first centrifugation the 
cells were washed, centrifuged again (10 min at 1000 rpm), resuspended in Iscove’s 
Modified Dulbecco Medium (IMDM), counted and plated in 4-well Nunc Petri dishes at 
a density of 2.5xl03/wcll for the purified and lx l 04 cells/well — for the enriched cells. 
Each sample was performed in three parallels. The two phase semi-solid agar cell cultures 
were prepared in the same Petri dishes with 0.3% agar.

The superficial liquid layer of the cultures contained: IMDM, 10% fetal calf serum 
(FCS — Gibco), 2% bovine serum albumin (BSA-Sigma), 6 U/rnl erythropoietin (Erypo- 
Janssen-Cilag Pharma), 2x10‘4M mercaptoethanol, 4 mM glutamine and recombinant cock­
tail — RC [consisting of recombinant human IL-3 — 50 LT/ml and recombinant human 
stem cell factor (SCF) — 10 U/ml (Chemicon)].

Besides in RC, purified and enriched human CD34+ hematopoietic progenitor cells 
were also cultured in 20% agar leukocyte conditioned medium — Agar-LCM (CellSys- 
tems Biotechnologie Vertrieb GmbH), supplemented with 10% FCS, 2% BSA, 6 U/ml 
Epo, 2x 10'4M mercaptoethanol and 4 mM glutamine.

IFN-y (Rentschlcr Biotechnologie GmbH & Co.KG) was added at different doses 
(5000 U/ml — once; 200 U/ml and/or 400 U/ml — every second day) to the liquid phase 
of both experimental systems at time of hematopoietic cell cultivation.

The agar cell cultures prepared were incubated at 37°C in humidified air of 5% CO. 
for 14 days. After incubation cell colonies were scored on inverted microscope. The agar 
layers were fixed in glutaraldehyde, mounted on glass slides and stained with May-Griin- 
wald/Gicmsa to confirm colony identity and their cytological characteristics [6].

2. Scoring criteria for hematopoietic colonies’ identification

In order to classify the colonies as erythroid burst-forming-unit (BFU-E) and colony­
forming unit-erythroid (CFU-E) as well as colony-forming unit-granulocyte/macrophage 
(CFU-GM), the following scoring criteria [1,6] were used:

— CFU-E consists of less that 65 cells which are fully hemoglobinized after 14 days of 
incubation;

— BFU-E consists of more than 65 cells which form colonies with at least two clusters 
or bursts. They could or could not be fully hemoglobinized after 14 days of incubation:

— CFU-GM colonies are morphologically identified as having a dense central core of 
not well distinguished undifferentiated cells, surrounded by a less dense halo of more 
differentiated myeloid cells (granulocyte/macrophages).
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3. Statistical analysis

To investigate quantitatively whether the applied doses of IFN-y influence significantly 
and in different ways hematopoietic colony formation, the Student’s t-test was used. A 
difference is assumed to be significantly large if/><0.05.

Results and Discussion

a) Influence of IFN-y on the formation of erythroid -  BFU-E and CFU-E colonies

The erythropoietic effect of the IFN-y was better expressed when the cytokine was added 
in vitro in small portions (200 and/or 400 U/ml - every second day); weaker stimulatory 
effect was observed at high single dose — 5000 U/ml.

The stimulatory effect of IFN-y was well defined quantitatively in both culturing 
conditions: at low doses — /><0.005, at high dose — /><0.05 for purified and/><0.001 for 
enriched cells (Table 1).

T a b l e  1. Quantitative analysis of the influence of IFN-y on erythroid and myeloid colony formation

Type of 
colonies

Cell type Culture
medium

Control
samples

IFN-y concentration
5000 U/ml 

once
400 U/ml/2 d 200 U/ml/2 d

CD34+ Number of hemato aoietic colonies / 0.5 ml
BFU-E — purified Agar-LCM 27 49.25"* 47.75* 47.7*

RC 59 70.25 83.5** 79.75**
— enriched Agar-LCM 37.75 50.5* 62** 59.5****

RC 95 141**** 144.5**** 143*"
CFU-GM — purified Agar-LCM 44.25 52.25 43.5 41.5

RC 23.5 27.25 36" 34.5*
— enriched Agar-LCM 19.7 30.5* 34* 35.75***

RC 17.5 30.5" 27** 23
' p<0.05; "  p<0.01; /><0.001; " "  /><0.005.

BFU-E showed higher proliferation and colony formation activities (2.2 fold increase 
for purified and 2.5 — for enriched cells) when the erythroid progenitors were cultured in 
RC compared to Agar-LCM (/><0.005 for purified and/><0.001 for enriched). When the 
cytokine was added to cultured in Agar-LCM purified cells a 1.8 fold increase of colony 
formation was registered (at dose 5000 U/ml /><0.001 and/><0.05 for the low doses re­
spectively). When the same population was cultured in RC a 1.2 to 1.4 increase (5000 
U/ml IFN-y; 200 and 400 U/ml/2 days respectively) was observed.

The results from the quantitative analysis (presented in Fig. 1 a, b) have shown that the 
addition of IFN-y to the semi-solid agar cultures stimulated the formation of the imma­
ture erythroid colonies by BFU-E progenitors.

Unlike high cytokine concentrations, low doses of IFN-y have more significant syner­
gistic effects with SCF and IL-3 in the RC culture medium. The quantitative analysis for 
the enriched CD34+ hematopoietic cells has shown that when they were cultured in 
Agar-LCM, the addition of IFN-y resulted in 1.3 (5000 U/ml IFN-y) and 1.6 (200/400 
U/ml/2 days) fold increase in the number of erythroid colonies. In RC culture conditions, 
a 1.5 increased colony formation was seen.

The results presented in Fig. 2a, b show that CFU-E colonies develop better in Agar- 
LCM. In case of the enriched cells a clear stimulatory affect of the cytokine is observed. 
For the purified cells only the high dose IFN-y (5000 U/ml) stimulated insignificantly
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C u ltu re  c o n d it io n s C u ltu re  c o n d it io n s

Fig. 1. BFU-E colonies formed by cultured in Agar-LCM and RC 
a — purified and b — enriched CD34+ hematopoietic progenitor cells

colony formation in Agar-LCM. Therefore, the effect of IFN-y is possibly inhibitory for 
both cell populations cultured in RC. This means that the culture conditions are important 
for the stimulatory or inhibitory effect of the cytokine.

Controls IFN-g-5000 lFN-g-400 iFN-g-200
U>'ml lFml'2cJ U'rnl/2d

Controls IFN-g-5000 IFN-g-400 lFN-g-200
U/ml U/ml/2d U/m!/2d

Culture conditions C u ltu re  c o n d it io n s

Fig. 2. CFU-E colonies formed by cultured in Agar-LCM and RC 
a — purified and b — enriched CD34+ hematopoietic progenitor cells

The degree of cell maturity (differentiation) can be also a determining factor for the 
IFN-y effect in vitro: more IFN-y receptors are found on mature red blood progenitors [11].

b) Influence of IFN-y on the formation of mixed-granulocyte/macrophage colonies 
(CFU-GM)

IFN-y added in vitro at single high dose (5000 U/ml) stimulated significantly CFU-GM 
colony formation from purified CD34+ hematopoietic cells (1.2 fold increase in Agar- 
LCM). The same cytokine dose enhanced myeloid colony formation by enriched cells (1.5 
fold, p< 0.05) as well. The effect of IFN-y was even stronger (1.7 to 1.8 fold increase) when 
the low concentrations were used (200 and/or 400 U/ml/2 days; p<0.001 and /?<0.05, 
respectively — Table 1). In the latter case, a possible influence of the accessory mono­
nuclear cells (in the buffy coat fraction) could be considered [9]. Surprisingly, no such stimu­
latory effect was observed for the purified CD34+ cells in the same culture conditions.
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The addition of exogeneous IFN-y at single dose 5000 U/ml stimulated 1.2 times 
myeloid colony fonnation by purified cells, cultured in RC. The same cytokine dose in­
creased 1.7 times the number of CFU-GM colonies developing from enriched hematopoie­
tic cells in the RC culture medium. In these experimental conditions, the low IFN-y con­
centrations stimulated myeloid colony formation by the enriched cells: 1.3 times at dose 
200 U/ml/2 days and 1.5 fold — at 400 U/ml/2 days. The same low cytokine concentra­
tions increased 1.5 times the number of GM-colonies by purified CD34+ cells.

The quantitative analysis has shown that more CFU-GM colonies were formed when 
the hematopoietic cells (purified and enriched) were cultured in Agar-LCM than in RC 
(p<0.05 for purified and insignificant difference — for enriched). When the purified CD34+ 
cells were cultured in Agar-LCM a 1.9 fold increase in the number of myeloid colonies 
was observed (compared to that in RC). For the enriched cells in Agar-LCM a 1.1 fold 
increase was seen.

The results show (Fig. 3a, b) that the in vitro addition of high and low doses IFN-y 
stimulated quantitatively but in a different manner mixed CFU-GM colony formation by 
human CD34+ hematopoietic progenitor cells.

U/ml

C u ltu re  c o n d it io n s

lFN-g-5000
U/mi

lFN-g-400
U/ml/2d

IFN-g-200
U/ml/2d

C u ltu re  c o n d it io n s

Fig. 3. CFU-GM colonies formed by cultured in Agar-LCM and RC 
a — purified and b — enriched CD34+ hematopoietic progenitor cells

Conclusions

The effects of different doses IFN-y exogeneously added to in vitro cultured (in semi-solid 
agar) human CD34+hematopoietic progenitor cells cannot be described as “only stimula­
tory or inhibitory”. Our results are in agreement with the data that the influence of the 
cytokine on erythroid (BFU-E and CFU-E) and myeloid (CFU-GM) colony formation 
depends on IFN-y doses, degree of hematopoietic cell maturity as well as on cell culture 
conditions.

Re f e r e n c e s

1. Atlas of Human Hematopoietic Colonies. Vancouver, Canada. Stem Cell Technologies Inc., 1995.
2. B o e h m, U., T. K 1 a m p, M. G r o o t, C. H o w a r d. Cellular responses to interferon-y. -  Ann. Rev.

Immunol., 15, 1997, 749-795.
3 .  D e l n e s t e ,  Y., E C h a r b o n n i e r ,  N.  H e r b a u l t ,  G.  M a g i s t r e l l i ,  G.  C a r o n ,  J-Y. Bo n -

n e f o y ,  E J e a n n i n .  Interferon-y switches monocyte differentiation from dendritic cells to 
macrophages. -  Blood, 101, 2003, No 1, 143-150.

59



4. D о о 1 е y, D., В. O p p en 1 a n d е r. М. X i a o. Analysis of primitive CD34- and CD34+ hematopoietic
cells from adults: gain and loss of CD34 antigen by undifferentiated cells are closely linked to proli­
ferative status in culture. -  Stem Cells, 22, 2004, 556-569.

5. F 1 o r e s - G u z m a n R, M. G u t i e r e z - R o d r i g u e z ,  H. M a y a n  i. In vitro proliferation, expansion
and differentiation of aC D 34+ cell-enriched hematopoietic cell population from human umbilical 
cord blood in response to recombinant cytokines. -  Arch. Med. Res., 33, 2002, No 2, 107-114.

6 . K o n w a l i n k  a, G., D. G e i s s l e r ,  Ch.  P e s c h e l ,  B. T o m a  s c h e k ,  E S c h m a l z l ,  H.  H u ­
ber ,  R. Od a v i c ,  H. B r a u n  St e i ne r .  A micro agar culture system for cloning human erythropoietic 
progenitors in vitro. -  Exp. Hematol., 10, 1982, No 1, 71-77.

7. K r a u s e, D., M. J. F a c k 1 е r, C. I. C i v i n, W. S. M a y. CD34: Structure, biologv and clinical utility.
-  Blood, 87, 1996, No 1, 1-13.

8 .  M a m u s ,  S, S . B e c k  — S c h r o e d e r ,  E. Z a n j a n i .  Suppression of normal human erythropoiesis
by gamma interferon in vitro. Role of the monocytes and T lymphocytes. -  J. Clin. Invest., 75, 1985. 
1496-1503.

9. S е 11 e r i, C., J. P M a c i e j e w s k i, T. S a t o, N. S. Y o u n g. Interferon-7 constitutive!}' expressed
in the stromal microenvironment of human marrow cultures mediates potent hematopoietic inhibi­
tion. -  Blood, 87, 1996, 4149-4157.

10. S h i o h a r a, M., K. K o i k е, T. N  a k a h a t a, A. K o m i y a nt a. Hematopoietic progenitors and
synergism of interferon-y and stem cell factor. -  Leak. Lymphoma, 14, 1994, No 3-4, 203-21 1.

11. T a n i g u c h i, S., C. H. D a i, S. В. K r a n t z. Specific binding of interferon-y to high affinity receptors
on human erythroid colony-forming cells. -  Exp. Hematol., 25, 1997, No 3, 193-198.

12. T s u j i, K., K. M u r a o k a, T. N a k a h a t a. Interferon-y and human megakaryopoiesis. -  Leuk.
Lymphoma, 31, 1998, 107-113.

13. T s u j i m u r a, H., I  N ag  a m u r  a - 1 n o u e, T. T a m u r a, K. O z a t 0 . IFN consensus sequence binding
protein/IFN regulatory factor-8 guides bone marrow progenitor cells toward the macrophage lineage.
-  J. Immunol., 169, 2002, No 3, 1261-1269.

14. Z o u m b o s, N. C., R G a s c o n, J. Y. D j e u, N. S. Y o u n g. Interferon is a mediator of hematopoietic
suppression in aplastic anemia in vitro and possiblv in vivo. -  Froc. Natl. Acad. Sci., USA 82 1985 
188-192.

60


