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HeLa cells fail to induce bone in murine kidneys, despite being highly chondro/osteogenic
when implanted into thigh muscles. Bone induction in the kidneys failed also when HeLa
cells were grafted together with skeletal-muscle-derived cell cultures. It is postulated that
kidney parenchyma releases unidentified factcor(s) which prevent activation by inducer of
cells termed Friedenstein�s (1976) �inducible osteoprogenitor cells�, while this hypothetical
factor does not prevent further differentiation of �determined osteoprogenitor cells�, thus
allowing bone to form in the renal parenchyma.
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Extraskeletal bone formation can be evoked by a
variety of means, for example by implantation of
living “inducers”, such as uroepithelium (HUGGINS
1931), the epithelial established cell line HeLa, KB,
WISH (ANDERSON & COULTER 1967; W£ODARSKI
1969, 1991) or by implantation of demineralized
bone and tooth matrices (URIST 1965, 1971; URIST
et al. 1968, 1969; for review see W£ODARSKI 1992).

Intramuscular injection of established epithelial
HeLa, KB or WISH cell lines is followed by both
endochondral and intramembranous ossification,
and it is commonly accepted that implant-derived
molecules, termed “osteoinductive factors” trig-
ger the differentiation of implant bed resident
mesenchymal cells toward the osteo/chondropro-
genitor pathway.

These “osteoinductive molecules” belong to the
bone morphogenetic protein family, are present in
the bone and tooth matrices, and are synthesized
by a number of neoplastic cell lines and by urothe-
lium of several species.

Cartilage/bone formation by intramuscular im-
plantation of HeLa cells is a model system for bone
histogenesis research, is highly reproducible, and
easy to perform. These cells, however, when im-
planted into kidney parenchyma failed to induce
osteogenesis, despite good survival and prolifera-
tion of grafted cells (W£ODARSKI 1978). The rea-

son why these cells are able to induce bone
formation in skeletal muscle but fail to do so in the
kidney is unclear. One possible cause is that the
kidney lacks essential target cells, or target cells
for some reason are unable to respond to the os-
teoinductive factors.

To verify the postulated lack in the kidney of tar-
get cells sensitive to bone-inducing principles, an
attempt was made to introduce skeletal muscles-
derived fibroblast into the kidney as a potential tar-
get cell for osteoinductive factors together with
bone inducing cells, able to stimulate bone on in-
tramuscular implantation.

Material and Methods

Established HeLa cell lines were cultured in
standard MEM medium supplemented with 10%
calf serum (Gibco), and harvested by trypsinization.

Muscle-derived fibroblast cells were cultured in
the same medium. They were obtained by scissor-
mincing of Balb/c female mouse abdominal muscles
in the culture medium. The minced muscle chips
were transferred into Falcon flasks and the out-
growing fibroblasts were propagated. After semi-
confluence the muscle chips were removed by vig-
orous shaking and flask adherent fibroblast-like
cells were further propagated and passaged using



0.5% trypsin solution aided by mechanical re-
moval by policeman. The muscle-derived fibro-
blasts were harvested at various passage levels,
ranging from 1st to 21st passage, suspended in the
PBS solution and injected alone or together with
HeLa cells in the proportion 1:1 of both types of
cells.

Fibroblast alone or a mixture of fibroblasts and
HeLa cells were suspended in the PBS solution.
Three million cells of each type and a mixed injec-
tion containing 3 x 106 HeLa + 3x106 fibroblasts
suspended in 0.1 ml of PBS, were injected into kid-
ney parenchyma or under the kidney capsule. The
kidneys were exposed after the dorsal skin was
shaved and the skin and underlying dorsal muscles
were open and right kidney was exposed. The
wound was saturated with Ethicon 4/0 Vicryl rap-
ide.

For surgery the animals were anaesthesized with
chlorochydrate (0.1 ml of stock solution [360 mg/10 mL
0.9% NaCl]/10 g of body weight) given intraperi-
toneally. This procedure was approved by the Ethi-
cal Commission of Warsaw Medical University.

The bearers of kidney examined implants were
also injected with 3x106 of HeLa cells into thigh
muscles.

All animals were immunosuppressed by a single
injection of 5 mg of Hydrocortisone (Polfa) ad-
ministered under dorsal skin at the time of cell
grafting.

The animals were killed 8-14 days later by cervi-
cal dislocation. The injected right kidney and the

thigh muscles inoculated with HeLa cells were ex-
cised, fixed in Bouin’s solution, demineralized in
EDTA, and embedded in paraffin wax and serial
haematoxylin-eosin-stained sections were exam-
ined.

The number of specimens examined, type and
location of implants, and the appearance of mitotic
figures as well as the presence of cartilage/bone in
the examined samples are shown in Table 1.

Results

The intramuscular implantation of HeLa cells
produced endochondral and intramembranous
bone formation in (14/16) cases. Hyaline cartilage
was observed in the vicinity of HeLa cells on the
8th day post grafting being gradually substituted by
bone (Figs 1, 2). Mitotic figures were seen in the
HeLa cells up to 2 weeks post implantation, indi-
cating good survival of these xenogenic cells.

In contrast HeLa cells grafted into kidney paren-
chyma or under renal capsule, alone or mixed with
the muscle-derived fibroblast-like cells did not in-
duce cartilage/bone formation, regardless of the
passage level of the fibroblasts. However, the
HeLa cells showed mitotic activity in the kidney as
they showed following intramuscular injection.

In no case did bone formation follow implanta-
tion of muscle-derived cells into either kidneys or
muscles.
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Table 1

Analysis of bone induction in murine kidneys and thigh muscles by HeLa cells alone, HeLa
cells combined with muscle-derived cell cultures, and solely by muscle-derived cells at
various passage levels

Implantation into kidney parenchyma or under kidney capsule

Type of implanted cells No of implants
examined

No of specimens
demonstrating
mitotic figures

No of specimens
demonstrating

cartilage/bone presence

Muscle-derived fibroblast cell cultures
(1 passage) 6 5 0

Muscle-derived cell cultures
(2nd-21st passage) 6 4 0

HeLa cells 12 11 0

HeLa cels + fibroblasts
(1-21st passage) 62 47 0

Implantation into thigh muscles

HeLa 16 13 14

Muscle-derived cell cultures
(1-21st passage) 8 2 0



Discussion

In humans bone formation in the kidney is an un-
usual occurrence. Case reports relate bone forma-
tion in the kidney to trauma (HOLMES & BASKIN
2001), renal cell carcinoma (MORIYMA et al. 2002)
and poorly differentiated transitional cell carci-
noma (TAWADA et al. 2001).

We were unable to obtain bone induction in the
kidney by either HeLa cells grafted alone or mixed
with skeletal muscle-derived cell cultures, whereas
HeLa cells induced bone in a high proportion of
animals following injection into thigh muscle.

In a pilot experiment demineralized tooth matri-
ces implanted into kidney parenchyma also failed
to induce osteogenesis, but were potently osteo-

genic when implanted into tight muscles (data not
shown).

In this paper we confirm the earlier observation
of failure of bone induction in the kidney by agents
which induce bone following introduction into
skeletal muscles (W£ODARSKI 1978; URIST et al.

1969).

On the basis of the results, we postulate that the
kidney environment exerts an inhibitory effect on
differentiation of osteoinducible progenitor cells
such as skeletal muscle-derived cells (FRIEDEN-
STEIN 1976). In kidneys the morphogenetic signal
trigged by HeLa cells as well as released from a
demineralized tooth matrix does not stimulate os-
teogenic differentiation of either kidney paren-
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Fig. 1. Hyaline cartilage formation ten days following intramuscular implantation of HeLa cells. H-E staining.

Fig. 2. Cartilage and bone induced by intramuscularly implanted HeLa cells, 18 days post grafting. The ingrowth of blood
vessel into hypertrophied cartilage is an early manifestation of myelopoiesis inside the foci of heterotopic bone induction.
H-E staining.



chyma resident fibroblasts or muscle-derived
fibroblast-like cells.

The kidney environment, however, does not pre-
vent formation of bone from determined osteopro-
genitor cells (DOPC) such as osteoblasts or bone
marrow stromal cells. Bone histogenesis is easily
obtained in the kidneys by implantation of bone
marrow derived stromal cells or whole bone-
marrow cell suspensions containing DOPC
(VARAS et al. 200; W£ODARSKI et al. 2004, 2006).

Thus it is postulated that kidney parenchyma in-
hibits differentiation of inducible osteoprogenitor
cells (IOPC), such as muscle-derived fibroblasts,
but not determined osteoprogenitor cells (DOPC),
such as bone marrow stromal cells. Because of this
property the kidney, as a vital organ, could be pro-
tected against bone induction.

There is a long list of inducible osteoprogenitor
cells, osteoprogenitors for bone inducing agents,
among these pericytes, endothelium, thymus cells,
peritoneal fluid cells and mesenchymal cells
(BURING 1975; FRIEDENSTEIN 1976). However,
in endothelium and pericyte-rich tissues such as
kidney, liver and spleen, bone induction fails
(URIST et al. 1969). CHALMERS et al. (1975) dem-
onstrated that after transplantation of an induction
site from skeletal muscle into the kidney, ectopic
osteogenesis ensued. This phenomenon is best ex-
plained by hypothesizing that during the time the
inducer spent in skeletal muscle, IOPCs were con-
verted into DOPCs, and on retransplantation were
therefore able to form bone in the renal milieou
which appears to inhibit any further differentiation
of either renal or, as in the present work, intro-
duced IOPCs.

The kidney parenchyma is unable to respond to
osteoinductive stimuli. The introduction of
IOPCs, such as native mesenchymal cells resident
in the muscles, into the kidney does not cause os-
teogenic differentiation. Thus a possible explana-
tion for extremely rare osteoinduction in humans
and lack thereof in mice, but not of further differ-
entiation of previously determined preosteoblast,
is the prevention of activation of IOPCs (of both
kidney residents or introductions) by unidentified
factor(s) released by the kidney parenchyma.

Acknowledgements

I thank Dr Wyn PARRY, the University of Liver-
pool, for critical reading of the manuscript and for

style revision, and Mrs Ewa WIŒNIEWSKA for
laboratory work.

References

ANDERSON H. C., COULTER P. R. 1967. Bone formation in-
duced in mouse thigh by cultured human cells. J. Cell Biol.
33: 165-177.

BURINGL. 1975. On the origin of cells in heterotopic bone for-
mation. Clin. Orthop. Rel. Res. 110: 293-301.

CHALMERS J., GRAY D. H., RUSH J. 1975. Observations on
the induction of bone in soft tissues. J. Bone Jt. Surg. 57B:
36-45.

FRIEDENSTEIN A. J. 1976. Precursor cells of mechanocyte.
Int. Rev. Cytol. 47: 327-59.

HOLMESN.M,BASKINL.S. 2001. Heterotopic bone formation
in the urinary tract. J. Urol. 166: 1859.

HUGGINS C. B. 1931. The formation of bone under the influ-
ence of epithelium of the urinary tract. Arch. Surg. 22:
377-408.

MORIYMA H., FUJII L., SHINTANII Y., INAGAKI T., KOHOJI-
MOTO Y., SUZUKI A., HIRANO A., SINKA T., DOI J. 2002. A
case of renal cell carcinoma with heterotopic bone formation
(abstr.) Hinyokika Kiyo 48: 603-5.

TAWADA M., TANASEK., MURANAKA K., SAWADA S. 2001.
A case of renal pelvic tumor with heterotopic bone forma-
tion. (abstr.) Hinyokika Kiyo 47: 569-71.

URISTM. R. 1965. Bone: formation by autoinduction. Science
150: 893-9.

URISTM. R., DOWELL T. A., HAY P. H., STRATES B. S. 1968.
Inductive substratum for bone formation. Clin. Orthop. Rel.
Res. 59: 59-96.

URIST M. R., HAY P. H., DUBUC F., BURING K. 1969. Osteo-
genic competence. Clin. Orthop. Rel. Res. 64: 194-220.

VARAS F., GRANDE T., RAMIREZ A., BUERN J. A. 2000. Im-
plantation of bone marrow beneath the kidney esults in trans-
fer not only of functional stroma but also of hematopoietic
repopulating cells. Blood 96: 2307-9.

W£ODARSKI K. 1969. The inductive properties of epithelial
established cell lines. Expt. Cell Res. 57: 446-8.

W£ODARSKI K. 1978. Failure of heterotopic osteogenesis by
epithelial-mesenchymal cell interactions in xenogeneic
transplants in the kidney. Calcif. Tissue Res. 25: 7-11.

W£ODARSKI K. 1991. Bone histogenesis mediated by non-
osteogenic cells. Clin. Orthop. Rel. Res. 172: 8-15.

W£ODARSKI K. 1992. Bone formation in soft tissues. In:
Bone. A treatise. vol. V: Fracture repair and regeneration.
Brian K. Hall ed. CRC Press, Inc., Boca Raton, Ann Arbor,
London, pp. 313-37.

W£ODARSKI K., GALUS R., W£ODARSKI P. 2004. Non ad-
herent bone marrow cells are a rich source of bone forming
cells in vivo. Folia Biol. (Praha), 50: 125-9.

W£ODARSKI K., GALUS R., W£ODARSKI P. 2006. Osteo-
genic potency of bone marrow stroma. Ortopedia Trauma-
tologia & Rehabilitacja 8: 573-7. (In Polish).

ZALESKI M. 1962. The structure and development of induced
bone tissue. Bull. Acad. Pol. Sci., ser. Sci. Biol. 10: 555-8.

K. W£ODARSKI54


