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INTRODUCTION

One of the ways, by which programmed cell death
(PCD) is realized, is called apoptosis. It belongs, along
with proliferation and differentiation, to the vital pro-
cesses involved in the IUD. The majority of research
works deal with the first two phases (induction and
execution of PCD) and only few have focused on the
third phase (degradation of the cells having undergone
PCD), mostly on murine material. The maintenance of
the integrity of the cell membrane, even after the decay
of the cell to apoptotic bodies, is the reason for the
absence of inflammation that is in contradiction to
necrosis1. Phagocytosis is initiated by the exposure of
phosphatidylserine and vitronectin receptors on the
plasma membrane of macrophages2, 3. There are also
other candidates of non-professional phagocytes re-
cruiting from neighbouring epithelial cells, fibroblasts4, 5,
endothelial cells of embryonal blood vessels6. Our inten-
tion was to shed light on the involvement of CD+
macrophages in the neogenous zone of human meta-
nephros during nephrogenesis by means of double-
staining method (TUNEL technique and the detection
of CD68+ cells in one section). This method has been
recently introduced into the common practice for the
more precise evaluation of co-localization of either two
phenomenons or proteins.

MATERIAL AND METHODS

Histologicaly normal kidneys were collected from 7
embryos and fetuses ranging from the 8th–28th week of
IUD. Tissue samples were fixed in metacarn and pro-
cessed by routine paraffin technique. The first step was
the detection of CD68+ cells by means of standard
indirect three-step immunohistochemical method having
used MAb-CD68-KP1 (Novocastra Lab. Ltd.) to verify
their presence in neogenous zone during embryonic
and early fetal development. The antigen CD68 is an
intracellular glycoprotein localized on lyzosomal mem-
branes of macrophages, monocytes, neutrophils and large
lymphocytes.

In the second step we detected macrophages and
apoptotic cells by means of double-staining method.
After standard deparaffination and rehydration of sec-
tion, quenching of endogenous peroxidase by H2O2, and
microwave pre-treatment were performed. Then
TUNEL reaction for the detection of apoptotic cells
followed (fluoresceination of DNA fragments by ter-
minal deoxynucleotidyl transferase together with bin-
ding of conjugate of anti-fluorescein and alkaline
phosphatase (Roche). Before the incubation of samples
with primary antibody to CD68 (Novocastra Lab.Ltd.),
the blocking of non-specific binding sites with 1% BSA
was being performed for one hour. Biotinylated se-
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According to recent research on mice, less on human material, cells responsible for clearing apoptotic cells away
during development are, besides non-professional phagocytes, also tissue-fixed macrophages. The aim of our work
was the determination of macrophage role in the phagocytosis of apoptotic bodies in neogenous zone of human
metanephros. Histologicaly normal kidneys were collected from embryos and fetuses ranging from the 8th–28th

week of IUD. These tissues were routinely processed. In the first step we detected CD68+ cells by means of
standard indirect three-step immunohistochemical method having used MAb NCL-CD68-KP1 (macrophage
marker) to find out whether such cells are actually present. In the second step tissue sections were labelled by
double-staining principle (TUNEL technique for the detection of apoptosis and above mentioned macrophage
marker) to judge co-localization of these two items. The slides were observed by using immersion objective and the
amount of apoptotic cells was expressed in percents. CD68+ macrophages appeared dispersely as single cells or
small groups in all the ages studied. According to our results, CD68+ macrophages phagocytose 37–75% of
apoptotic cells present in neogenous zone and the number of engulfed apoptotic cells increases in the 12th week of
the IUD, i.e. in the early fetal period and later it merely fluctuates.
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condary anti-mouse antibody and streptavidine-peroxi-
dase conjugate were applied and then the reaction was
finished by the incubation of samples first in the sub-
strate of alkaline phosphatase NBT/BCIP (dark-blue
precipitate) and then in Vector NovaRed substrate for
horseradish peroxidase (red precipitate).

The occurrence of CD68+ cells without engulfed
apoptotic bodies (TUNELless cells) (CD68+), ungulfed
apoptotic cells (TU+) and CD68+ cells containing TU+
material were evaluated (CD/TU). The slides were
observed (six observed fields for each section) by the
light microscope Olympus under immersion (magn.
×1000) which was proved competent especially for
evaluation results of double-staining technique. The
number of evaluated cells was converted to total number
of 100 cells, thus expressed in percents.
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CD68+ TUNEL+ CD68+/TUNEL+

week of IUD CD68+ TUNEL+ CD68+/TUN+
8 28 42 31
10 25 44 31
11 16 59 35
12 24 25 51
14 44 14 42
22 41 16 44
28 38 22 41

Graph and Table 1. The number of labelled cells in neogenous zone of
human metanephros without any distinction of individual structures.

Legend:
IST  interstitium
TB primitive tubular structures
MB metanephrogenic blastema
CR renal corpuscle
Blackened cells – localization of the majority of positive cells

week of  IUD TUNEL+
8 42
10 41
11 37
12 67
14 75
22 73
28 65

Graph and Table 2. The number of apoptotic cells phagocytosed by
CD68+ cells in neogenous zone of human metanephros expressed in
percents.

Table 2. Distribution of labelled cells in observed structures of neogenous zone in human metanephros.

RESULTS

The presence of CD68+ macrophages was proved
in the neogenous zone in all the samples having been
observed, even in the embryonic period. The majority of
them (both CD68+ and CD/TU) are situated in the
mesenchymal interstitium (in the uninduced mesen-
chyme), often in the vicinity of apoptotic cells. Macro-
phages rarely occur in metanephrogenic blastema. There
were only single CD68+ positive cells in primitive tubular
structures and renal corpuscles as well (table 2). The
total amount of these cells increased in the 12th week
and remained almost on the same level until the 28th week
of IUD (Graph and Table 1). The weak CD68 positivity
appeared also in primitive tubules in the upper part of
differentiating cortex. According to our final results,

 
IST TB MB CR IST TB MB CR IST TB MB CR 

8 0.80 0.10 0.10 0.00 0.20 0.40 0.33 0.07 0.73 0.09 0.00 0.18 
10 0.89 0.00 0.11 0.00 0.56 0.06 0.31 0.06 0.91 0.00 0.00 0.09 
11 0.78 0.22 0.00 0.00 0.29 0.56 0.15 0.00 0.22 0.38 0.40 0.00 
12 0.93 0.00 0.00 0.07 0.80 0.13 0.00 0.07 0.80 0.20 0.00 0.00 
14 0.68 0.16 0.00 0.16 0.17 0.67 0.00 0.17 0.83 0.11 0.00 0.06 
22 0.85 0.00 0.08 0.08 0.60 0.20 0.20 0.00 0.36 0.14 0.14 0.36 
28 0.83 0.00 0.08 0.08 0.64 0.21 0.14 0.00 0.62 0.04 0.23 0.12 

week of IUD 
CD68+ TUNEL+ CD68+/TUNEL+ 
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Fig. 1. Neogenic zone of human metanephros: CD68+ macrophages with engulfed apoptotic material (double-staining – triangle arrows) and
free apoptotic cell (square arrow). Foetus, 28th week of IUD. Magn. ×1000

Fig. 2. Neogenic zone of human metanephros: CD68+ macrophages in the mesenchymal interstitium with engulfed apoptotic cells (double-
-staining). Foetus, 28th week of IUD. Magn. ×1000
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CD68+ macrophages phagocytosed 37–75% of apop-
totic cells present in neogenous zone and the number of
engulfed apoptotic cells increased in the 12th week of the
IUD, i.e. in the early fetal period and later it only merely
fluctuated (graph and table 2).

CONCLUSIONS AND DISCUSSION

Yasui et al.7 evidenced that 40% of apoptotic cells in
the nephrogenic zone of human fetal kidney (19th–22nd

week of IUD) were surrounded by CD68+ macrophages.
According to the investigation of Camp and Martin7 and
Yasui et al.8, the majority of apoptotic residues in murine
metanephric kidney occurs in the cytoplasm of macro-
phages as well. However, the participation of the other
cells (non-professional phagocytes) is not excluded as
mentioned earlier. In this connexion a question emerges:
how can be explained the CD68 positivity of some
immature tubules in the upper part of developing cortex
and the occurrence of single CD68+ cells in primitive
tubules and renal corpuscles in neogenous zone if CD68
is the macrophage marker? Considering that these
structures are not fully differentiated and specialized,
we can speculate about their being pluripotential (or
more than unipotential) and thus about their ability to
phagocytose, if necessary. This finding corresponds with
the statement of electron microscopic study by Coles9

who found out that apoptotic cells were phagocyted by
the neighbouring parenchymal cells in the newborn rat
kidney. On the other hand, Wood et al.10 mention the
participation of “stand-in” mesenchymal neighbours
phagocyting apoptotic cells in a macrophageless mouse
embryo (developing foot-plate was observed)) and they
conclude that this redundant mechanism is three times
slower in the comparison with the macrophagic one.

Our results confirm the presumption of macrophages
being involved in the clearance of apoptotic residues in
neogenous zone of human developing kidney in the late
embryonal and early foetal periods which is in concor-
dance to above mentioned facts.
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