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Abstract 
The essay presents the problematic aspects of hematopoietic stem cell transplantation, from the position of 
fundamental notions about cell niches and contemporary data on the bone marrow stroma of recipient and donor, 
taking into account the results of one’s own research. 
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Introduction

Hematopoietic stem cell (HSC) transplantation is the best 
example of cell technology usage in clinical practice. However, 
the complexity associated with low HSC engraftment, the 
development of the “graft-versus-host disease” reaction, and 
infectious complications have not been eliminated so far [24]. 
The causes and manifestations of immunological disorders 
are clear in general, but low engraftment etiology remains 
the subject of lively debates. The subject of the development 
is progenitor cells, conditioning protocols, and the “destiny” 
of elements of bone marrow (BM) stroma transplanted 
along with HSCs, which specifi cations are necessary for the 
development of HSC engraftment. Our research group efforts 
are also focused on solving the problem. Thus this essay is 
directed toward systemizing the fundamental and current 
data of HSC engraftment and the causes of its low level in 
allogeneic transplantation, as well as to discuss world trends 
in optimization of HSC engraftment using one’s own data. 

Current approaches to improve HSC engraftment

Modern solutions aimed at increasing HSC engraftment can 
be divided into two directions:

a) techniques directed to the donor’s body and the graft in 
order to improve the quality and graft “acceptance”;

b) methods of infl uence on the recipient’s body to optimize 
the “acceptance” of the transplanted HSCs.

The fi rst direction is based on current data of possible HSC 
expansion in vitro [23], cell activation, and on studies of 
alternative HSC sources (cord blood, in particular) [5]. The 
fundamentals of the second approach are associated with 
studies of BM stroma, HSCs niches, and the processes 
occurring to stroma cellular elements forming a part of the 
graft into the recipient’s body. There are no comprehensive 
data of the processes occurring to BM stroma or bone 
tissue as an element of cell niches under the infl uence of 
conditioning protocols, and there is no generalized concept of 
the “destiny” of transplanted cellular elements of BM stroma. 
At the same time the necessity for such data is enormous, 
as it, on the one hand, helps to develop the most effective 
methods of HSC engraftment, and on the other hand helps to 
develop the technology of pathology correction of connective 
tissues (myelofi brosis, osteogenesis imperfecta, etc).

The concept of HSC niches is the best implementation 
of theoretical data on BM stroma and its role in providing 
hematopoiesis, and it serves for better understanding and 
practical application as well. 

HSC niches: fundamental provisions and new vision

Generally, a cell niche is an elementary functional unit of the 
microenvironment. However, there is no unifi ed, generally 
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accepted defi nition of the “cell niche”. The fi rst part of the 
hypothetical defi nition, refl ecting niche structure (the set 
of spatially organized cell elements and components of 
intercellular matrix) is not contested, although the functional 
aspect is debatable. Some authors believe that a cell niche 
maintains a stem cell in undifferentiated quiescent state [3]. 
The majority take a different view, giving a cell niche a greater 
role: not only the maintenance of “cellular homeostasis”, 
but also the regulation and provision of morpho-functional 
activity [16].

Nowadays, scientists distinguish two types of HSCs niches: 
vascular (endothelial) and endosteal (osteoblastic) [22]. To 
my mind, this differentiation is rather conditional, since the 
osteoblastic line cells, forming the niches of the same name 
and requiring active oxygenation, are situated close to the 
microvasculature (the critical distance is 200–250 mkm [11]). 
Consequently, sinusoidal endothelial cells (EC) must be an 
integral component of the so-called osteoblastic niches. The 
main cellular elements of BM niches are osteoblasts, EC 
and multipotent mesenchymal stromal cells (MMSCs) [16]. 
Implementation of the activity of cells which form cell niches 
is carried out in two principal directions.

A. Direct impact due to intercellular contacts and products 
of specifi c biologically active substances (SDF-1, SCF, TPO, 
interleukins, etc) [17]. Thus, spindle-shaped osteoblasts by 
means of tight adhesive contacts with N-cadherin/β-catenin 
system interact with HSCs, maintaining them in a “quiescent” 
state [3,10];      

B. Indirect impact: paracrine incentives transfer (erythro-
poietin, SDF-1, parathyroid hormone, etc.) from other com-
ponents of the uniform functional system of hematopoiesis: 
kidneys, liver, spleen, endocrine glands, autonomic nervous 
system [25,26].

However, the results of studies in recent years signifi cantly 
extend the notion of HSC niches, particularly, HSCs that are 
found in adipose tissue [13], spleen [15], and placenta [12], 
given the description of HSC migration to extramedullary 
tissues, for instance, in polytrauma [1]. Taken together, the 
results of HSCs’ persistence in extramedullary tissues indicate 
the presence of their niches outside the BM. In this respect, 
the fundamental classic works of the Russian histology 
school become critical again. According to the theory of 
“mesenchymal reserve” by A. Maximow, there are progenitor 
cells for the connective tissues in defi nitive tissues, marked 
by him as “stem mesenchymal cells” [19]. Later, the theory 
was supported by A. Zavarzin [2] and N. Khlopin [4] and has 
now been proven with contemporary data [6]. The presence 
of poorly differentiated cells (perivasculоcytes) going along 
with blood vessels conforming by their differentiating MMSC 
potency is now proven and indisputable.

Thus, there is at least a vascular HSC niche in extramedullary 
tissues. In light of fundamental notions and current data, the 
adjustment of concepts of HSC niches seems to be logical. 
To my mind, it is correct to speak about a uniform cell niche 
consisting of two components (Table 1). 

Such a systematic generalized concept of HSCs niche is 
easier and more practical. 

Signs of 
comparison Nonspecifi c component Specifi c component

Cells EC and MMSCs Resident cells of the 
defi nitive tissues 
(osteoblasts of bone 
marrow, fi broblasts 
of fi brous connective 
tissue, etc.)

Function Provision of migra-
tion, transduction of 
regulatory incentives 
and regulation of non-
specifi c functions

Provision of a specifi c 
function*

* Osteoblasts play the defi ning role in the regulation of hemato-
poietic HSC function. It is proved that osteoblasts induce pro-
liferation and differentiation of HSCs in a greater degree than 
MMSCs [20]. In extramedullary tissues the specifi c component 
of cell niches incentivizes HSC homing and the implementation 
of other specifi c effects, such as participation in reparative rege-
neration [1].
Cell Ther Transplant. 2011;3:e.000095.01. doi:10.3205/ctt-2011-en-
000095-table1

Table 1. Components of HSC niches

The possibilities to restore cell niches

The practical signifi cance of the concept of HSCs niche is in 
clearer comprehension of the functioning of BM stroma and 
the possibility of a selective approach to its restoration after 
conditioning. However, it is necessary to solve two problem 
issues to perform it in practice.

1. What components of cell niches are damaged with 
different conditioning protocols, and to what degree?

2. What way can a damaged component of a cell niche be 
restored?

Currently there are not enough data to give an exhaustive 
answer to the questions. It is established that in total 
irradiation the specifi c component of BM niches is not really 
damaged, thus providing a moderate level of HSC engraft-
ment [10]. Irradiation causes marked damage to a nonspecifi c 
component: sinusoidal ES are damaged [14], and MMSCs 
obtain functional defects [21]. Apparently, a similar situation 
is typical of extramedullary HSCs niches. The infl uence of 
chemotherapy on BM niches is less studied due to the great 
variety of protocols. In general chemotherapy does less 
damage to the nonspecifi c component of niches [14].

However, taking into consideration the paucity of data on 
the damaging effect of conditioning regimens, therapeutic 
conditions which are aimed at restoring the two components 
of the niches are clear.

Our research group managed to fi gure out the processes to 
a certain extent, concerning the transplanted cellular elements 
of BM stroma. It has been shown with an experimental 
model of osteogenesis that the restoration of wholeness of 
mice shin bones irradiated at a dose of 7–7.5 Gy is mainly 
carried out due to the transplanted transgenic (GFP+) cells of 
allogeneic BM (Fig. 1). Moreover, even under physiological 
conditions the inserted components of allogeneic BM stroma 
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Figure 1. Shin bone tissues of the recipient mouse: A: spongy bone tissue (1: GFP-positive cells of bone marrow and stroma, 
2: endosteum with GFP-positive osteoblast, 3: bony trabeculae), magnifi cation ×100. B: trabecula of bone and cartilage 
regenerate, consisting of GFP-positive cells; magnifi cation ×400. C: isogenous group of GFP-positive chondrocytes in 
the bone and cartilage regenerate; magnifi cation ×800. Confocal microscopy. Color: propidium iodide

Cell Ther Transplant. 2011;3:e.000095.01. doi:10.3205/ctt-2011-en-000095-fi gure2

Figure 2. Osteocyte in the reticular fi brous bone tissue of the regenerate, having donor origin: А: a cell nucleus, propidium 
iodide stained, B: cytoplasm autofl uorescence; C: combined image. Magnifi cation ×800. Confocal microscopy 

planted the patches of typical location of the dispersed 
cambium of skeletal tissues (periosteum, endosteum, BM 
stroma, perivascular niches). Up to 30% of osteocytes of 
bone tissue were of donor origin (Fig. 2) [7]. These data 
are consistent with the results of other research groups and 
prove the possibility of the planting of recipient tissues 
transplanted with HSC elements of allogeneic BM stroma, 
as well as confi rm their involvement in the implementation 
of reparative processes in skeletal tissues [9]. Consequently, 
the use of components of BM stroma (MMSCs, endothelial 
progenitor cells) is potentially practiced for regeneration 
of BM HSC niches, as well as for treatment of patients 
with the pathology of skeletal tissue stroma. However, the 
number of necessary stroma components in the whole BM 
is not enough (2–5×103 MMSCs/kg), and consequently only 
7% of transplanted MMSCs remain for long in the stroma 
of a recipient’s BM [21]. At the same time the expansion of 
MMSCs in vitro up to the concentration in the graft (20–
30×106 MMSCs per 1 kg of a recipient’s weight) signifi cantly 
increases the level of stroma planting of the recipient’s BM, 
which are maintained over time [8]. Moreover, there are 
published data on the improvement of HSCs’ engraftment 
during their co-transplantation with so-called “stromal cells 
of umbilical cord blood” [18].

Thus, the fortifi cation of the whole BM graft or a purifi ed 
HSCs fraction with stromal cellular components in con-
centrations exceeding physiologic congestion is potentially 
effective. Furthermore, considering the important role of 
EC as the components of HSCs niches, transplantation of 
their progenitor cells in high concentrations seems to be 
promising, especially in combination with factors stimulating 
angiogenesis (for instance, medicines on the basis of VEGF). 
In any case, the actual clinical application of the methods 
requires further clinical trials. 
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