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Summary
In compliance with most observations, the multipotent 
stromal cells (MSC) remain at the site of implantation 
aft er local application, whereas intravenously adminis-
trated MSC fi rst appear in lungs followed by distribution 
to diff erent tissues and organs, however, at much small-
er quantities. Moreover, there are data on predominant 
migration of systemically infused MSC into liver, and 
not into the lungs. Destruction and elimination of intro-
duced MSC, according to published data, occurs in the 
spleen, kidneys and liver. Due to controversial results 
on MSC distribution and elimination from the body, 
the aims of our study were as follows: to investigate the 
fate of tissue-injected autologous bone marrow-derived 
multipotent mesenchymal stromal cells (MMSC) en-
tering liver, kidneys and lungs, as well as to obtain new 
evidence for their elimination from the body via these 
organs.

Materials and methods
Th e work is based on morphological evaluation of lungs, 
liver and kidneys from 6-mo old male rats (Wag inbred 
strain) at diff erent terms aft er subcutaneous injection 
of MMSC labeled with membrane-binding Vybrant® 
CM-Dil dye. Morphological patterns and distribution of 
labeled objects in these organs were investigated using 
visible and luminescent microscopy.

Results
Th e fi rst luminescent macrophages observed with 
rhodamine colour-fi lter were initially revealed in the 
lungs one week aft er MMSC injections. Th e number 
of luminescent cells and intensity of their fl uorescence 
increased gradually over successive 2-4 weeks. By 
2-3 weeks, this red tint was revealed in the inclusions 
of epithelial cells in some bronchioles. Th e Vybrant® 
CM-Dil-labeled objects were sometimes detected at the 
very edge of alveoli, and even partially located in alveo-
lar lumen. Th e objects stained by Vybrant® CM-Dil were 
not found in liver and kidneys at any observation terms. 

Conclusion
Following subcutaneous injection, MMSCs and their 
fragments seem to enter bloodstream and migrate to the 
lungs, where these cells are phagocytized by macrophag-
es. Only aft er fi ltration in lungs, the MMSC debris can 
further disseminate throughout the body. Elimination 
of detritus from injected MMSC is possible in lung al-
veoli and further, via bronchial system, to the ambient. 
Vybrant® CM-Dil-labeled MMSC fragments were not 
found in liver and kidneys, thus disagreeing the litera-
ture data on potential role of these organs in the destruc-
tion or removal of injected autologous or foreign MSC.  
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Introduction 
Th e increasing implementation of cellular therapies into 
clinical practice and development of personalized medicine 
requires appropriate studies of diff erentiation, organ distri-
bution, destruction and elimination of widely used multipo-
tent stromal cells (MSC). According to the work of most re-
searchers, the MSCs remain at the site of implantation aft er 
local administration, whereas intravenously infused MSCs 
fi rst appear in lungs, being  later on distributed to diff erent 
tissues and organs [1, 2], however, at much fewer quantities. 
Moreover, there are reports on predominant migration of 
systemically administrated MSC into liver, and not into the 
lungs [3, 4].

Th e fi nal fate of exogenously introduced MSC is still un-
clear. Th ere are reports that MSCs are absorbed by immu-
nocompetent cells of the recipient [5, 6], there is evidence 
of the production of antibodies against transplanted MSC 
with their rejection [7], the recipient can acquire immuni-
ty to MSC aft er repeated administration via increase in the 
percentage of T-cells [8]. Another possible way of eliminate 
MSC is that they can undergo apoptosis and disintegrate. Th e 
results of studies by A. Galleu et al. [9] are very interesting, 
they showed that apoptosis of MSC immediately aft er ad-
ministration may be necessary for therapeutic effi  cacy. Th e 
destruction and elimination of introduced MSC, according 
to published data, occurs in the spleen [10], kidneys [10-12] 
and liver [10, 11]: the organs responsible for the destruction 
of other cells. However, Y. Takasaki et al. [4] found very few 
injected MSC in kidneys, and Y. Lei et al. [3] generally reject 
the possibility entering of such cells in the kidneys.

Due to the controversial data from literature about distri-
bution and disappearance of MSC from the body, the aims 
of our study were as follows: to investigate fi nal fate of tis-
sue-injected autologous bone marrow-derived multipotent 
mesenchymal stromal cells (MMSC) entering liver, kidneys 
and lungs, as well as to obtain new evidence for their elimi-
nation from the body via these organs.

Materials and methods
Th e experimental study was designed to perform morpho-
logical examination of lungs, liver and kidneys from male 
rats (Wag inbred strain) at 6 months of age (body mass 180-
200 g). 

It was performed at diff erent terms aft er subcutaneous 
MMSC injections as made during cosmetic procedures. All 
manipulations with animals were carried out in aseptic op-
erating room, in compliance with the "Rules for the Works 
Using Experimental Animals".

Isolation, characterization, preparation and 
introduction of MMSC in the experiment
MMSC were isolated from the bone marrow of syngeneic 
rats, characterized and cultured in accordance with our pre-
vious works [5, 6]. Th e second-passage MMSC were mem-
brane-stained by Vybrant® CM-Dil solution (Th ermo Fisher 
Scientifi c, USA), with maximal absorption wavelength of
553 nm, emission at 570 nm [5, 6]. Th e dye was added to 

MMSC suspension (5 μL per 106 cells in 1 mL serum-free 
culture medium), then gently and thoroughly mixed by pi-
petting, and left  for 20 min in a CO2 incubator at 37°C, un-
der 100% humidity. Th en, MMSC were centrifuged for 5 min 
at 1500 rpm, the medium with the dye was discarded, and 
MMSC were resuspended in a new aliquote of warm medi-
um. Aft er 3-fold washing, MMSC were resuspended in warm 
medium and brought to a concentration of 106 cells/mL. 
Th ereaft er, following skin disinfection with ethyl alcohol, 
100 μL of MMSC suspension in culture medium (1 mL con-
tained 1x106 cells with a viability of >92%) was injected sub-
cutaneously by insulin syringe into the region of upper third 
of the femur/inguinal ligament. Th e animals were sacrifi ced 
at 1; 2; 3; 4; and 5 weeks aft er MMSC injection. Intact rats 
were used as a control. In each group, 12 animals were used 
at any experimental point.

Sample processing for morphology studies
For morphological evaluation, the fragments of lungs, liver, 
and kidneys were isolated. Th e objects were fi xed in a 4% 
paraformaldehyde in phosphate buff er solution (pH 7.4) 
for at least 24 hours, then dehydrated in a series of increas-
ing ethanol concentrations. Th e samples were cleared with 
xylene, and embedded into Histoplast. Th e sections with a 
thickness of 5-7 μm were stained by hematoxylin and eosin, 
and examined with Axioimager M1 light microscope (Zeiss, 
Germany) at a magnifi cation of ≤1200x. 

In addition, unstained sections were examined in the lumi-
nescence mode of Axioimager M1 microscope using colour 
fi lters for Alexa Fluor 488 (excitation range 450-490 nm, reg-
istration range 515-∞ nm) and for Rhodamine (Rhod – ex-
citation range 540-552 nm, registration range 575-640 nm). 
Tissue examination under UV light with Alexa Fluor 488 
fi lter was aimed for detecting green background autofl uores-
cence, which, fi rstly, provides good contrast for other lumi-
nescent objects, e.g., with Rhodamine fi lter (red color and its 
shades are clearly visible on a green background). Secondly, 
it is possible to see the structure of the studied tissues and 
better localize the objects with red luminescence in a distinct 
organ [5, 6].

Automatic exposure was used for obtaining microphoto-
graphs, when combining the images using Alexa Fluor 488 
and rhodamine fi lters. Th us, one may obtain green and red 
(or orange and yellow) color, depending on prevalence of 
the glow intensity using distinct fi lters. Brighter fl uorescence 
when using an Alexa Fluor 488 fi lter gives green lumines-
cence, using a rhodamine fi lter produced red color. Yellow 
luminescence and its shades resulted from mixing green and 
red colors at diff erent ratios [5, 6].

Results and discussion
Th e fi rst luminescent objects of various shape and size, when 
applying rhodamine fi lter, were revealed in lungs by one 
week aft er MMSC injection (Fig. 1a). Numbers and fl uo-
rescence intensity of such luminous particles gradually in-
creased over the observation period of 2-4 weeks (Fig. 1b, c, 
d). Only at 5th week, the number of luminescent structures 
decreased slightly, but remained detectable in signifi cant 
number of cells. Most likely, the large fl uorescent objects 
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should represent macrophages, and smaller luminescent in-
clusions are their lysosomes. Th is conclusion was made on 
the basis of the following visual data [5, 6]: (1) Cell size: only 
few cells can exceed 20 μm in diameter, and macrophages 
are among such large cells; (2) Presence of many oval, clearly 
limited, fl uorescent inclusions of diff erent-size, which, most 
likely, are lysosomes. It should be noted that MMSC cyto-
plasm is rather evenly stained by Vybrant® CM-Dil [13]; (3) 
Irregular cell shape.

Most likely, the Vybrant® CM-Dil-labeled MMSCs seem to 
penetrate into the bloodstream with time [6], migrate to the 
heart and arrive to lung, where are captured by numerous 
perivascular and alveolar macrophages, as it happens in oth-
er tissues [6]. Due to phagocytized material, the macrophage 
lysosomes become luminescent when exposed to UV light. 
When using Rhodamine colour fi lter [5, 6], one cannot also 
exclude staining of macrophage membranes by Vybrant® 
CM-Dil. 

Figure 1. Rat lungs at different terms after inguinal subcutaneous MMSC injection. The combined images were
obtained in luminescent mode of the microscope using Alexa 488 and rhodamine colour-filters
A, Numerous objects with predominant fl uorescence obtained with Rhodamine fi lter are contained within alveolar wall one 
week aft er the MMSC injection.
B, Paravasal arrangement of structures with predominantly glowing inclusions with Rhodamine fi lter at 2 weeks aft er MMSC 
administration. 
C, Th e objects with predominant fl uorescence revealed with Rhodamine fi lter are observed in the wall of alveoli at 3 weeks aft er 
MMSC injection. 
D, Four weeks aft er MMSC application: the particles with more intense fl uoresce seen with Rhodamine fi lter are located in the 
alveolar wall. 

Due to short lifetime of injected MMSC in the tissues, an 
opportunity exists for migration of both cells and their 
fragments (debris) through blood fl ow into pulmonary cir-
culation [5, 14, 15]. Th is MMSC debris is adsorbed by pul-
monary macrophages causing staining of their structures. 
Th ere is an opportunity of macrophage migration with other 
antigens, including those with Vybrant® CM-Dil-stained de-
tritus, from the tissues via blood to the lungs. In any case, 
the lung tissues and structures do not contain any intact Vy-
brant® CM-Dil-labeled MMSC, but only their fragments, or 
debris-containing macrophages.

Hence, the described time-dependent dynamics of lumi-
nescent cell numbers in the lungs could be well explained 
by gradual replacement of injected MMSCs and relevant 
structures by cell populations diff erentiating from the own 
recipient cells.  According to the literature data, this process 
is maximally expressed in rats within 2-3 weeks aft er the 
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MMSC administration, when labeled cells disappear from 
the tissues, and the number of luminescent macrophages in 
regional lymph nodes becomes the largest [5].

Th us, one may suggest that, the detritus from injected 
MMSCs site early arrives to lungs, i.e., the cell fragments 
which were initially non-viable or died in situ soon aft er ad-
ministration, due to drastic changes in their viability [5, 14, 
15]. Th en, starting from 2 weeks, when there is a massive 
elimination of labeled cells from tissues [5], the content of 
the dye-labeled objects in the lungs increases sharply, when 
using a Rhodamine colour-fi lter. It could be suggested that 
the stained MMSCs or their detritus do not enter lungs at 
later terms, and only macrophages that have previously ab-
sorbed a large volume of labeled objects will show fl uores-
cence. Consequently, the luminescence intensity and the 
number of fl uorescent cells will gradually decrease, due to 
the migration of such macrophages, their destruction and, 
possibly, due to the gradual lysis of stained structures, with a 
decrease in the Vybrant® CM-Dil concentration.

It should be especially noted that aft er 2 weeks, upon care-
ful examination of the lungs, a red tint was found in the in-
clusions in the epithelial cells of some bronchioles (Fig. 2a), 
which contained a certain amount of cellular detritus, these 
was clearly visible when staining sections by hematoxylin 
and eosin (Fig. 2b). At week 3, the inclusions in epithelial 
cells of individual bronchioles showed a more distinct red 
staining when exposed to UV light via a Rhodamine fi lter. A 
careful study sometimes showed oval objects with weak red 
fl uorescence, similar to cells with destruction phenomena: 
the empty cell membranes aft er loss of its content, organelles 
(Fig. 2c). Peribronchial tissues in such areas were abundantly 
infi ltrated by macrophages (Fig. 2d).

It should be noted that sometimes, also at 2-3 weeks aft er 
MMSC injection, the Vybrant® CM-Dil-labeled objects were 
located on the very edge of alveolar lining, being even par-
tially located in the alveolar lumen (Fig. 2e, g), where many 
macrophages with signs of destructive changes were detect-
ed in H&E-stained sections (Fig. 2f, h).

It is possible that such a pattern is associated with elimina-
tion of MMSC detritus (or macrophages with large amounts 
of such MMSC debris) from the body. It is likely that mac-
rophages with large amounts of MMSC detritus from capil-
laries and larger vessels of the lungs, are also dying, and their 
fragments appear fi rst at the edge, and then within alveolar 
lumens (or phagocytes migrate into the lumen of alveoli, 
where they die and undergo destruction) from where they 
are eliminated outwards through the bronchi and trachea. It 
is also possible that macrophages with MMSC detritus from 
other tissues can migrate to the lungs and undergo destruc-
tion. Labeled Vybrant® CM-Dil detritus of previous MMSCs, 
and now macrophages, appears in the alveolar lumens, from 
where it is eliminated to the ambient via bronchi of diff erent 
sizes, staining some epithelial structures as well.

Th us, MMSC could get into the lungs from the inguinal sub-
cutaneous tissues via blood vessels. Th e Vybrant® CM-Dil-la-
beled MMSC and their detritus are absorbed in lungs by 
numerous macrophages located near vessels and in alveolar 
septae. Th e macrophages may die, aft er accumulating a lot 

Fig. 2. Morphological data concerning possible elimi-
nation of MMSC detritus via the lungs in experiment 
(see page 71)
A, Small inclusions in the bronchiolar epithelium at 2 weeks 
aft er MMSC injection fl uoresce red with Rhodamine fi lter. 
Th e combination of images obtained in the luminescent 
mode of the microscopy using Alexa 488- and rhodamine 
fi lters.
B, Cellular detritus in the bronchiolar lumen represented in 
the photo "a". (Hematoxylin/Eosin staining).
C, Cells with a signifi cant predominance of fl uorescence 
with Rhodamine fi lter are located next to bronchiole at 
3 weeks aft er MMSC injection. An object similar to a cell 
with destruction phenomena, is weakly glowing when using 
Rhodamine fi lter, being located in the bronchiolar epithe-
lium (arrow). Combined images obtained by luminescence 
microscopy using Alexa 488- and Rhodamine fi lters.
D, Tissues adjacent to the bronchiole represented in picture 
"c" are largely infi ltrated by macrophages (Hematoxylin/Eosin 
staining).
E, Distinct objects located just along the edge of alveoli 2 
weeks aft er the MMSC injection glow much brighter when 
using a Rhodamine fi lter: combined images obtained by lu-
minescent microscopy with Alexa 488 and Rhodamine fi l-
ters.
F, Oedematous eff usion, macrophages and red blood cells 
are located in alveolar lumen, presented on the picture "e" 
(Hematoxylin/Eosin staining).
G, Objects of various sizes with intense fl uorescence when 
using Rhodamine fi lter are located along the edge and in lu-
men of alveoli (arrow) 3 weeks aft er MMSC use. Th e com-
bined images were obtained by luminescent microscopy 
with Alexa 488 and Rhodamine fi lters.
H, Th e limited area of alveolar lumen presented in picture 
"g" contains edematous eff usion with fi brin, erythrocytes 
and macrophages, some phagocytes show destruction signs. 
(Hematoxylin/Eosin staining).

of antigenic particles, and these incompletely lysed sub-
stances, including Vybrant® CM-Dil-labeled MMSC detritus 
and, possibly, stained membranes of these phagocytes, fi rst 
appear in alveolar walls, and, later, in their lumens. Conse-
quently, these substances are eliminated through the bron-
chi outwards. Th is is evidenced by both stained inclusions 
in bronchiolar epithelium and Vybrant® CM-Dil-labeled 
fragments of cells, most likely macrophages, in alveoli and 
bronchi.

At all observation periods, the objects stained by Vybrant® 
CM-Dil were not found in liver and kidneys. Apparently, 
the subcutaneously injected MMSCs, if they enter blood 
fl ow, or these cells completely settle in the capillary network 
of the pulmonary circulation and do not reach the indicat-
ed organs. Another reason is that their macrophages do not 
adsorb antigens such as MMSC and their debris from the 
blood. Th is coincides with some results of Lei et al. [3] and 
Takasaki et al. [4], who detected no MSC or found very little 
this cells aft er their systemic administration in the kidneys, 
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but contradicts other data from these and other researchers 
[3, 4, 10-12], especially reports of higher MSC numbers in 
liver than in lungs [3, 4], and on destruction and elimination 
of injected MSC by liver [10, 12] and/or kidneys [10-12].

Conclusion
Hence, one may conclude that MMSCs injected into the sub-
cutaneous tissues and their detritus enter blood fl ow and end 
up in the lungs, where these cells are phagocytized by mac-
rophages. Th e MMSC debris can disseminate throughout the 
organism only aft er fi ltration in lungs. In lungs, the elimi-
nation of detritus from injected MMSC could proceed via 
alveoli and further, through the bronchial system, to the am-
bient. Vybrant® CM-Dil-labeled MMSC fragments were not 
found in liver and kidneys. Th erefore, it contradicts some lit-
erature data on important role of these organs in destruction 
or removal of injected autologous or foreign MSCs.
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Возможность элиминации введенных мультипотент-
ных стромальных клеток через легкие  

Резюме
Согласно работам большинства исследователей, 
при местном применении мультипотентные стро-
мальные клетки (МСК) остаются в месте имплан-
тации, а введенные внутривенно МСК сначала ока-
зываются в легких и только потом распределяются 
по всему организму, но уже в значительно мень-
шем количестве. Вместе с тем имеются сообщения 
о преимущественной миграции инфузированных 
системно МСК в печень, а не в легкие. Разрушение 
и элиминация введенных МСК, по данным лите-
ратуры, происходит в селезенке, почках и печени.
В связи с противоречивостью литературных данных 
о распределении и исчезновении МСК из организ-
ма была поставлена цель исследования – изучить 
возможность попадания в печень, почки и легкие 
мультипотентных мезенхимных стромальных кле-
ток (ММСК) после их тканевой инъекции, а также 
получить новые доказательства их элиминации из 
организма указанными органами.

Материал и методика
Работа основана на результатах морфологическо-
го исследования легких, печени и почек крыс-сам-
цов инбредной линии Wag в разные сроки после 
подкожной инъекции в паховую область ММСК, 
окрашенных мембрано-специфическим красителем 
Vybrant® CM-Dil. Методами световой и люминес-
центной микроскопии регистрировали появление 
и распределение меченых объектов в указанных
органах. 

Результаты
Через 1 неделю после введения ММСК, в легких 
появились первые люминесцирующие макрофаги, 
выявляемые при посредстве светофильтра для ро-
дамина. В течение 2-4 недель количество таких све-
тящихся клеток постепенно нарастает, также увели-
чивается интенсивность их флюоресценции. Спустя 
2-3 недели был найден красный оттенок во включе-
ниях в эпителиальных клетках отдельных бронхиол. 
Иногда меченые Vybrant® CM-Dil объекты были рас-
положены по самому краю альвеол и даже частично 
находились в просвете альвеол. Объекты, окрашен-
ные Vybrant® CM-Dil, не были найдены в печени и 
почках во все сроки наблюдения. 

Заключение
После инъекции в подкожно-жировую клетчат-
ку ММСК и их фрагменты попадают в кровоток и 
оказываются в легких, где фагоцитируются макро-
фагами. Только после фильтрации в легких, дебрис 
ММСК может диссеминировать по всему организ-
му. В легких возможна элиминация детрита инъеци-
рованных ММСК в альвеолы и далее, через систему 
бронхов, во внешнюю среду. В печени и почках ме-
ченые Vybrant® CM-Dil фрагменты ММСК найдены 
не были, что не соответствует данным литературы о 
важной роли этих органов в деструкции или удале-
нии введенных извне МСК.     
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