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Interferon-gamma (IFN-y) stimulates erythroid colony formation when added to cultured in vitro CD34+
human hematopoietic progenitor cells in the presence of Recombinant cocktail of factors (including SCF and
IL-3) or Agar-leucocyte conditioned medium. Stronger stimulatory effect of the cytokine was observed for
the BFU-E compared to the CFU-E colonies (possibly due to the different degrees of maturity of the progeni
tor cells that give rise to the two types of erythroid colonies). When investigating the surface of the cells
within the erythroid colonies using scanning electron microscopy (SEM), structures reminding of pseudopodes
were observed.
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Introduction
Erythropoiesis is the process of formation of mature red blood cells from immature
bone marrow progenitors. CD344- cell subset is the most frequently used cell population
for in vitro assays and a unique one capable of self-renewal and differentiation into
mature erythroid cells. While cultured in vitro these cells form two types of colonies:
colony-forming unit-erythroid (CFU-E) and burst-forming unit-erythroid (BFU-E). They
differ in the degree of maturity of the progenitor cells that initiate their formation. It is
known that the CFU-E colonies are formed from more differentiated cells than those in
the BFU-E colonies. For this reason the appearance of CFU-E colonies is observed in
vitro (in semi-solid agar cultures) earlier than the BFU-E.
In order to proliferate and differentiate the erythroid progenitor cells require growth
factors such as stem cell factor (SCF), interleukin-3 (IL-3), interleukin-б (IL-6),
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erytropoietin, different colony stimulating factors (CSFs), etc [8]. On the other hand,
there are growth factors that inhibit cell proliferation and colony formation or exert
bipotent effects. Such factor is interferon-gamma (IFN-y). There are data [1, 10, 11]
showing that when IFN-y is added to cultured in vitro hematopoietic cells it inhibits the
formation of erythroid and mixed (granulocyte/macrophage) colonies. On the other hand,
when this factor is added to cells cultured in SCF and IL-3 it synergizes their effects,
thus it stimulates progenitor cell proliferation [3, 5, 6]. There are only few sources in
vestigating the cell-to-cell interactions among the CD34+ cells [7] and no such data for
the contacts between the cells within the erythroid colonies. We were also interested to
observe the surface of the erythroid colonies (by SEM) having in mind that there are not
enough data for the morphological/ultrastructural characteristics of the erythroid he
matopoietic colonies cultured in soft agar in vitro.

Material and Methods
Cell cultures
Purified and enriched human hematopoietic CD 34+ progenitor cells (kindly provided
by Laboratory of Immunology - Innsbruck University) were cultured in semi-solid agar
cultures. Two experimental systems were developed:
- cells cultured in recombinant cocktail (RC) which consisted of SCF and IL-3
(Chemicon, Austria);
- the two cell types were also cultured in Agar-Leucocyte Conditioned Medium
(Agar-LCM) (CellSystems Biotechnologie Vertrieb GmbH, Austria).
E ry th ro p o ietin (E rypo-Janssen-C ilag Pharm a, A u stria), glutam ine and
mercaptoethanol were added to both experimental models. To investigate the effects of
the different doses of IFN-y (Rentschler Biotechnologie GmbH & Co.KG, Austria) it
was added at 5000 U/ml once; 200 and/or 400 U/ml - every second day. The cell cul
tures were incubated for 14 days at 37°C in humidified air of 5% C 0 2. After incubation
the colonies were scored on inverted microscope and stained with May-Griinwald/
Giemsa (Merck). To determine the type of erythroid colonies - CFU-E or BFU-E, the
following criteria were used [2]:
- CFU-E consist of less that 65 cells and are fully hemoglobinized after 14 days of
incubation;
- BFU-E consist of more than 65 cells and form colonies with at least two clusters
or bursts. They can /or cannot be fully hemoglobinized after 14 days of incubation.

Scanning Electron Microscopy
The samples for SEM were fixed in 2.5% glutaraldehyde (Merck), mounted on disks
and covered with 20-30 nm of gold. The probes were investigated by scanning electron
microscope Philips-515. The colonies were observed at different magnifications (vary
ing from 20 to 8000x) and were recorded as microphotographs.

Results
Stimulatory effect of IFN-y on BFU-E formation was observed in both types of cultures
- purified and enriched (Fig.l). This effect is better expressed when the cells were
cultured in RC. More BFU-E formed by purified cells were observed when the cytokine
was added more frequently but at lower doses (200 and/or 400 U/ml). No significant
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Fig. 1. Erythroid colonies in semi-solid agar medium

Fig. 2. Immature erythroid colony (x 400)

(x 160)

Fig. 3. Mature erythroid colony (x 400)

differences on the impact of the different doses of IFN-y were found when purified cells
were cultured in Agar-LCM. Weaker stimulatory effect of the cytokine was observed
when enriched cells were cultured in the same culture medium. BFU-E are lager in size
than the CFIJ-E and less differentiated - with more basophilic cytoplasm and fine dis
persed nuclear chromatin (Fig. 2).
Neither stimulatory nor inhibitory effect of IFN-y was observed for the CFU-E.
This type of colonies consist of more differentiated cells. The erythroid cells located in
the periphery of the colonies have piknotic nuclei and eosinophilic cytoplasm - due to
the large amounts of hemoglobin (Fig. 3).
The surface of the erythroid colonies was investigated by the method of SEM (Fig.
4a). The surface of the BFU-E (immature erythroid colonies) is smooth and the indi45

Fig. 4. Electron micrographs of immature erythroid colonies:
a - erythroid colonies in semi-solid agar, observed by SEM (x 32); b, c surface of immature erythroid colonies (BFU-E) (x 320, x 960)
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Fig. 5. Electron micrographs of mature erythroid colonies:
a - mature erythroid colony (CFU-E): the outlines of the individual cells
can be observed (x 1280); b, c - mature erythroid colonies (CFU-E): cell
contacts can be seen (x 1600; x 3200)
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Fig. 6. Extracellular extrusions:
a, b - extracellular extrusions on the surface of a CFU-E (x 1600); c structures reminding of round pores are observed on a CFU-E; cell-tocell contacts can be seen (x 1600)

vidual cells cannot be easily distinguished (Fig. 4b, c). On the other hand, on the surface
of a CFU-E (mature erythroid colonies) the outlines of the individual cells can be seen
(Fig. 5a, b, c). On the surface of both types of colonies (BFU-E and CFU-E) we found
specific extracellular structures (extrusions - Fig. 6a, b) which were probably extruded
from the cell’s cytoplasm. On microphotographs the CFU-E reminds of a “budding yeast”;
using higher magnification we also observed superficial structures that look like round
pores (Fig. 6c). Cell-to-cell contacts were also registered (Fig. 5b, c, 6c).

Discussion
The effect of IFN-y on colony formation of hematopoietic progenitor cells in vitro
depends on the dose and duration of IFN-y influence, the other growth factors present in
the culturing medium and the stage of cell maturity.
Our results are in contrast with those previously reported by A l l e n et al.,
C o u t i h n o et al., W a n g et al. [1,4,11], which indicate that the “ ... inhibitory effect
is most marked in the more primitive cells than the committed colony- and cluster
forming cells”. On the other hand, we also observed almost no effect of IFN-y on the
colony-forming units. This is possibly due to the higher degree of maturity of the eryth
roid progenitor cells which makes them more resistant or less sensitive to the influence
of the inflammatory cytokine. The results obtained are in agreement with those of Shiohara
et al. [9] which indicate that IFN-y - in combination with SCF, stimulated the develop
ment of primitive hematopoietic progenitors as well as the development of mature cell
populations. The authors hypothesize that SCF supports the early stages of erythroid
progenitor cell proliferation and require IFN-y for subsequent growth and differen
tiation.
Our investigation of the erythroid cell surface within the hematopoietic colonies
by SEM is the first in the scientific literature since there are data dealing only with
isolated individual progenitor cells [7]. In regard with these and our results we hypothe
size that the extracellular structures (extrusions), observed on the erythroid cell surface
in both types of colonies - BFU-E and CFU-E, could be products formed in the coarse
of cell differentiation and colony development.

Conclusion
IFN-y stimulated the processes of erythroid proliferation and differentiation o f the he
matopoietic CD34+ progenitor cells. The effect is stronger when the cells were cultured
in RC. This is in accordance with the data for the synergizing effect of SCF, IL-3 and
IFN-y. The CFU-E were less affected by this cytokine possibly because of their higher
degree of maturity making them less sensitive.
SEM is a necessary additional method for a detailed investigation of the erythroid
cell morphology within the colonies. It allows the researcher to observe the erythroid
cell-to-cell interactions in situ.
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