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ARTICLE INFO Abstract

The effects on bone marrow (BM) cell proliferation and differentiation of recombinant 
human granulocyte colony stimulating factor (Rh G-CSF) administered before, during and 
after high-dose chemotherapy were studied in six patients with acute myeloid leukemia 
(AML) who went into complete remission. The changes induced by chemotherapy and 
cytokine treatment were assessed by morphologic and immunohistochemical analysis 
of sequential plastic embedded BM biopsy sections. The pre-therapy marrows were very 
cellular (cellularity range 60-80%, except for one case where the cellularity was less than 
50%). Immediately following chemotherapy, the marrows became extremely hypocellular 
(cellularity ranged from 5-15%), edematous and contained widely dilated sinuses. The 
cells now present were diffusely scattered and consisted mostly of lymphocytes, plasma 
cells, tissue mast cells and macrophages. Plasma cells were mostly seen clustered around 
the small blood vessels as perivascular cuffs. They were polyclonal as demonstrated by 
the staining pattern with anti-kappa and anti-lambda light chain antibodies. BM stromal 
changes included migration of endosteal cells into the nearby vacuous and edematous 
marrow space as fibroblast-like cells.

Within two to four weeks following the cessation of chemotherapy clusters of 
regenerating hematopoietic cells were seen adjacent to bone trabeculae (BT), near marrow 
sinusoids, in close proximity to fat cells, and also surrounding the smaller blood vessels. 
Later, a proportion of these cells were observed to migrate into the central intertrabecular 
marrow space where they formed colonies of more mature and differentiated 
hematopoietic cells. By 5-8 weeks after the completion of the chemotherapeutic protocol, 
normal (trilineage) hematopoiesis was restored in all patients. Hematopoiesis during the 
early (2-4 weeks) as well as the late (5-8 weeks) phases of the medullary regeneration 
was primarily granulocytic. This was confirmed by the presence of increased number of 
myelo-peroxidase (MPO) positive cells in these areas. Interestingly, BM biopsies obtained 
5-8 weeks following the end of chemotherapy and following the cessation of cytokine 
treatment showed considerable increase in eosinophilic granulocytes even though the 
number of circulating eosinophils in the peripheral blood remained within normal limits.

The distribution of eosinophils was predominantly perivascular, although a large 
number of these cells were seen scattered and diffusely spread throughout the sections. 
G-CSF is not known to cause eosinophilia and we believe this is the first report which 
shows that the administration of G-CSF may also cause medullary eosinophilia without 
affecting the eosinophil count in the peripheral blood, at least within the first 8 weeks 
of observation. It is suggested that the hematopoietic regeneration demonstrated by the 
granulocytic proliferation was most likely the result of the association of the treatment 
with Rh G-CSF. Furthermore, the proximity of the regenerating hematopoietic cells to 
the endosteum, vascular endothelium and fat cells may be indicative of some functional 
relationships among these cells.
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Introduction
Hematopoietic growth factors (HGFs) are a group of 

glycoproteins, termed colony stimulating factors (CSFs) or 
interleukins (ILs) that are believed to control the proliferation, 
differentiation and survival of hematopoietic stem and/
or progenitor cells. In addition, they also affect a variety of 
functional activities of mature and terminal hematopoietic cells 
[1-4]. A number of recombinant human hematopoietic growth 
factors, such as granulocyte colony-stimulating factor (G-CSF), 
granulocyte-macrophage colony stimulating factor (GM-CSF), and 
interleukin-3 (IL-3) are already proving their usefulness in the 
treatment of bone marrow (BM) failure caused by chemotherapy, 
radiotherapy, and various hematopoietic disorders [5-8]. IL-3 
acts on the early progenitor pool, i.e, multipotent stem cells such 
as CFU-GEMM, early erythroid (BFU-E), granulo-monocytic (CFU-
GM) and megakaryocytic progenitors. GM-CSF exerts similar 
effects, but possibly stimulates progenitors at more distal stages 
of differentiation [5-8]. Although the in vivo hematopoietic effects 
of rhIL-3, Rh GM-CSF have already been documented [9], little 
has been reported regarding the in vivo activity of Rh G-CSF. In 
this report we document the effects of Rh G-CSF administered 
during chemotherapy to six patients with acute myeloid leukemia 
who responded to treatment and displayed apparent complete 
morphologic remission within the initial eight-week period of 
treatment.

Materials and Methods
Bone-marrow biopsy specimens were obtained from 6 AML 

patients at different time intervals during the course of intensive 
remission induction chemotherapy and after its completion. One to 
six specimens were obtained from each patient during the first 8 
weeks of observation. The patients were treated with one course 
of cytosine arabinoside [(Ara-C) 3 gm/m2 as a 1 hour intravenous 
infusion q12 hours for 12 doses (days 1-6)] and idarubicin [(Ida-
mycin) 12 mg/m2 IV over a 30 minute period, daily for three days 
immediately following doses #3,5 and 7 of Ara-C (24, 48 and 72 
hours)] In addition, each patient also received G-CSF (10 mcg/kg/
day, as a continuous intravenous infusion) before and during che-
motherapy, and (10 mcg/kg/day, subcutaneously) after completion 
of induction chemotherapy for an average of 24 days [10].

BM biopsies were obtained from the posterior iliac crest 
using a manual trephine [11,12] and were processed into plastic 
glycol-methacrylate (GMA), without decalcification, according to 
previously described methods [13,14]. Briefly, the biopsies were 
initially immersed in Bouin’s fixative for three hours, dehydrated in 

graded methanol solutions, and then processed into GMA. Sections 
were cut at a thickness of 2μm, attached to Histostik-coated glass 
slides (Accurate Chemicals, Westbury, New York) and stained with 
May-Grunwald-Giemsa (MGG) stain. Antisera to human kappa 
and lambda light chains and polyclonal rabbit antisera to human 
myeloperoxidase were obtained from Dako Corporation, Santa 
Barbara, California. Monoclonal antibody to eosinophil peroxidase 
was a generous gift from Oncogene Science. The sections were first 
dipped in a 0.3% hydrogen peroxide solution in absolute methanol 
for 20 minutes to inhibit endogenous peroxidase activity.

The sections were then washed three times for 5 minutes 
each in Tris buffered saline (TBS). The sections were digested 
with pronase (0.2 mg/ml in TBS) for 10 minutes at 37oC in a moist 
chamber and washed in TBS as described above. The non-specific 
reactivity to the secondary antibody was then blocked by overlaying 
the specimen with goat serum for 20 minutes at 37oC. The blocking 
solution was poured off the slides and appropriate dilutions of the 
primary antibodies were applied to the sections and incubated at 
37oC for 60 minutes. The primary antibody was washed off with 
TBS followed by 30-minute incubation with biotinylated link 
antibody and for 30 minutes with peroxidase labelled streptavidin. 
The staining was completed after a 10-minute incubation with 
AEC (Amino-ethylcarbazole) substrate. The sections were lightly 
counterstained with hematoxylin and cover slipped with glycergel.

Results
The sections of the biopsy specimens obtained at diagnosis re-

vealed a very cellular marrow with little or no fat due to an infiltra-
tion by blast cells (Figures 1a & 1b) in five of the six patients. In one 
patient the cellularity was less than 50%. Erythroid precursors, ma-
ture granulocytes and metamyelocytes, and megakaryocytes were 
either markedly reduced in number or absent. Immediately follow-
ing the intensive chemotherapy regimen (day 7) a considerable re-
duction in cellularity due mainly to the reduction in the blast cell 
population was evident. The cellular depletion continued with time 
and the marrow became increasingly hypocellular, grossly edem-
atous with widely dilated sinus system (Figure 2a). A population 
of cells which had accumulated fat droplets (young multi-loculated 
fat cells) was also noted (Figure 2b). These changes were accompa-
nied by the appearance of increasing numbers of well differentiated 
lymphocytes, plasma cells, and macrophages. A few mast cells were 
also commonly seen at this stage. In most instances, the lympho-
cytes and plasma cells were diffusely scattered but mature plasma 
cells were also seen aligned along well-preserved small blood ves-
sels as perivascular cuffs (Figure 3).
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Figure 1a: BM biopsy section from a case of AML at diagnosis demonstrating highly cellular marrow with dense infiltration by 
immature blast cells. Note there are no fat cells. (Glycol-methacrylate, May-Grunewald-Giemsa stain).

Figure 1b: BM biopsy section from the same case as figure 1a, higher magnification demonstrating the morphology of blast 
cells in improved detail. Note the presence of nucleoli in blast cells. (Glycol-methacrylate, May-Grunwald-Giemsa stain).

Figure 2a: BM biopsy section from a case of AML following the completion of intensive chemotherapy showing a hypocellular 
and grossly edematous marrow with widely dilated sinuses (S). 
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Figure 2b: BM biopsy section from the same case as in Figure 2a, another area of the section showing young multiloculated fat 
cells (arrows). (Glycol-methacrylate, May-Grunwald-Giemsa stain).

Figure 3: BM biopsy sections from cases of AML following intensive chemotherapy revealing plasma cells located around 
small blood vessels as perivascular cuffs. (Glycol-methacrylate, May-Grunwald-Giemsa stain).

The plasma cells were polyclonal as evidenced by the fact that 
some of them were stained for kappa and others were stained for 
lambda light chains with respective antibodies (Figures 4a & 4b). 
The endosteal cells during this period were noted to be larger 
and more conspicuous with finely dispersed chromatin and single 
or multiple small nucleoli (Figure 5). Some of these apparently 
activated endosteal cells were seen to migrate into the surrounding 
acellular, edematous intertrabecular marrow space as fibroblast-
like cells (Figure 6). Two to four weeks following the end of 

chemotherapy, thick margins of regenerating hematopoietic cells 
were seen closely adjacent to bony trabeculae (Figure 7), arterioles 
and arterial capillaries, marrow sinusoids and fat cells (Figure 8). 
These foci of regenerating hematopoietic cells were predominantly 
granulocytic, an observation which was confirmed by their positive 
reaction with the anti-myeloperoxidase antibody. A proportion of 
these cells were observed to migrate into the central intertrabecular 
marrow space where they formed colonies of more mature and 
differentiated hematopoietic cells.
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Figure 4a: BM biopsy sections from a case of AML immunologically stained for kappa light chains, showing kappa positive 
plasma cells (Glycol-methacrtlate, PAP/AEC/hematoxylin).

Figure 4b: BM biopsy sections from same case as in figure 4a immunologically stained for  lambda light chains, showing 
lambda positive plasma cells (Glycol-methacrtlate, PAP/AEC/hematoxylin).

Figure 5: BM biopsy section from a case of AML following intensive chemotherapy showing swollen and apparently activated 
endosteal cells (arrows). Note bony trabecula (BT) at the upper right-hand corner of the photomicrograph. (Glycol-methacrylate, 
May-Grunwald-Giemsa stain).

http://dx.doi.org/10.26717/BJSTR.2019.20.003434


Copyright@ Anwarul Islam | Biomed J Sci & Tech Res | BJSTR. MS.ID.003434.

Volume 20- Issue 2 DOI: 10.26717/BJSTR.2019.20.003434

14938

Figure 6: BM biopsy section from the same case as in figure 5 demonstrating fibroblast-like cells (arrow) in the central 
hypocellular and edematous inter-trabecular marrow space. (Glycol-methacrylate, May-Grunwald-Giemsa stain).

Figure 7: BM biopsy sections from a case of AML 4 weeks following the end of chemotherapy showing paratrabecular 
granulopoiesis. BT – bony trabecula. (Methyl-methacrylate, May-Grunwald-Giemsa stain). 

The nuclear features of the activated ‘endosteal’ or ‘fibroblast-
like’ cells and the multiloculated fat cells were very similar in 
their morphological appearance suggested that they might have 
originated from the peripheral flattened endosteal cells. The 
sections of biopsy specimens obtained five to eight weeks following 
chemotherapy showed active hematopoietic marrow in which 
all three cell lines of hematopoiesis were represented. But here 
again the hematopoiesis was dominated by a proliferation of cells 
belonging to the granulocytic cell line as evidenced by morphology 

(Figure 9) and the large number of myeloperoxidase positive 
cells. Even at this stage where hematopoiesis was quite advanced 
the characteristic paratrabecular and perivascular localization of 
these hemic cells continued to be evident. A considerable increase 
in the number of eosinophilic granulocytes were also observed in 
MGG stained sections of most of the biopsy specimens at this time 
verified by staining with antieosinophilic peroxidase monoclonal 
antibody staining (Figure 10).
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Figure 8: BM biopsy section from a case of AML 4 weeks following the end of chemotherapy showing hematopoiesis around 
the fat cells. (Glycol-methacrylate, May-Grunwald-Giemsa stain).

Figure 9: BM biopsy section from a case of AML 6 weeks following the end of chemotherapy demonstrating marked granu-
lo-cytic proliferation (Glycol-methacrylate, May-Grunwald-Giemsa stain). 

Figure 10: BM biopsy section from a case of AML 6 weeks following the cessation of chemotherapy showing clusters of eosin-
ophilic granulocytes around a small blood vessel. The elongated endothelial cells can be clearly seen. The section was stained 
with anti-eosinophilic peroxidase antibody. (Glycol-methacrylate, PAP/AEC/hematoxylin).
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Discussion
Although the effects of intensive chemotherapy and cytokine 

treatment on hematopoiesis have been studied extensively in 
human, most if not all of these investigations were carried out on 
peripheral blood and/or bone marrow obtained by aspiration. 
Unfortunately, sectioned trephine bone marrow biopsies were not 
conventionally used for this purpose even though it is well known 
that a solid core BM biopsy avoids the sampling errors inherent in 
the technique of BM aspiration. In addition, the spatial distribution 
of the hematopoietic cell populations and stromal components 
are well preserved and remain intact in sections and thus they are 
retained for analysis. In the present study we focused on the effects 
of combined intensive chemotherapy and Rh G-CSF treatment on 
the bone marrow of patients with AML using plastic embedded BM 
biopsies. Plastic embedding was selected because of the advantages 
this technique offers over conventional method of decalcification 
and paraffin embedding. In addition, the interface between bone 
and marrow and marrow and blood vessels are also particularly 
well preserved in plastic embedded BM biopsy sections.

Thus, the endosteal and perivascular regions (regenerative and 
proliferative loci of marrow) [15] can be microscopically evaluat-
ed. Another advantage is that/ immunohistology techniques can be 
applied to plastic (GMA) embedded specimens. Thus, the antigenic 
make up of various cellular populations including those which are 
focally distributed or firmly anchored within “paratrabecular” and 
“perivascular” regions of the marrow can be assessed in their nat-
ural environment. Immediately following therapy and during the 
hypoplastic phase increasing numbers of inflammatory cells espe-
cially lymphocytes, plasma cells and macrophages were regularly 
seen in the sections of BM from these patients. The possibility that 
this latter response was due to the effect of G-CSF was ruled out be-
cause of the fact that a similar response was invoked in some of our 
AML patients that were subjected to intensive chemotherapy but 
without any associated cytokine treatment [16]. The significance of 
the appearance of these cells in post-therapy marrow remains un-
certain. The ability of lymphocytes and macrophages to stimulate 
immune responses is well known [17,18].

Whether these cells are responsible in mounting an immune 
response in these severely neutropenic and perhaps somewhat 
immunocompromised patients may need further investigation. The 
macrophages might also be present as scavenger removing dead or 
dying cells remaining after the chemotherapy. The presence of large 
numbers of macrophages with prominent dark staining debris 
is well recognized in leukemic patients in complete remission. 
Following the cessation of chemotherapy and during the early 
period of hematopoietic regeneration, the cellular proliferation 
was almost exclusively localized near the bony trabeculae where 
myeloblasts, promyelocytes and metamyelocytes predominated 
and formed thick bands of cells along the endosteal surface of bone 
trabeculae. In some cases, hematopoietic cells, (mostly granulocytic 
as positively identified by the MPO reaction) were also localized near 

the marrow sinusoids and small blood vessels. The role of endosteal 
and vascular endothelial cells in fetal, normal, diseased and 
stressed (post-chemotherapy, post-marrow curettage) conditions 
has been intensively studied and reported elsewhere [15,19]. 
The present finding only confirms our previous observation that 
characteristic areas of regeneration and proliferation exist within 
the bone marrow. These areas, we believe, are the rich sources of 
hematopoietic stem cells. The biological effects of various cytokines 
as G-CSF presumably are maximally expressed here.

In all patients Rh G-CSF appeared very effective in inducing 
granulocytic proliferation during the early (2-4 weeks) and late 
(5-8 weeks) phases of hematopoietic regeneration. In all cases 
a proliferation of eosinophilic granulocytes was observed at 
5-8 weeks following the end of chemotherapy. There was no 
accompanying eosinophilia in the peripheral blood. The ability 
of Rh G-CSF to increase polymorphonuclear neutrophils is well 
documented [20] but its ability to increase eosinophil granulocytic 
proliferation in the marrow has not yet been recognized. In fact, 
it has been reported that G-CSF neither affects differentiation nor 
proliferation of human eosinophilic HL-60 cells [21]. The reason 
for their presence in such increased numbers and the delay (5-8 
weeks) in their appearance remains unclear. The stromal changes 
observed after treatment included an increase in the number 
of fibroblasts-like cells. The presence of young multilocular fat 
cells and large uniform unilocular mature fat cells was also noted 
[16]. It has been shown that fat cells play an important role in the 
maintenance of the hematopoietic stem cells and their growth in 
the mouse marrow stromal cultures [22]. In the Dexter culture 
system granulocytic proliferation has been shown to take place 
preferentially in the regions containing fat cells, particularly on the 
periphery of such areas where the cells are in an early stage of lipid 
accumulation [23].

Although in AML patients (treated with intensive chemothera-
py only) hematopoietic regeneration was observed mostly within 
areas manifesting unilocular fat cells [16], the association of he-
matopoietic foci to areas containing either immature or mature 
fat cells was not readily obvious in our AML patients who were si-
multaneously treated with Rh G-CSF. In these cases, the hypoplas-
tic stage, characterized by edema and dilated sinuses, was quickly 
succeeded by a period of rapid regeneration of hematopoietic cells 
anatomically related to paratrabecular and perivascular regions 
and also near the structured fat. The close association of regenerat-
ing hemic cells with endosteum and endothelium suggests that the 
latter play an important role in hematopoietic recovery. It has been 
shown that hematopoietic progenitor cell proliferation and differ-
entiation within the bone marrow depends, at least in part, on an 
appropriate microenvironment provided by a stromal cell popula-
tion comprised of fibroblasts, endothelial cells adipocytes and mac-
rophages [24]. Bone marrow stromal cells are known to provide 
necessary cytokines and extracellular matrix components required 
for the proliferation and maturation of circulating blood cells.
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