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Aim. Intramuscular injection of endothelial progenitor cells
(EPCs) may constitute an alternative treatment strategy for
patients with critical limb ischemia (CLI). We performed
transplantations of EPCs (CD34+) extracted from periph-
eral blood in patients with CLI. The objective of this report
is to present the method and early results of intramuscu-
lar autologous peripheral blood CD34+ cell transplantation
in the ischemic limb.
Methods. CD34+ cell transplantation was performed in 2
limbs of 2 patients with CLI, in cases in which it was not
possible to perform surgical or percutaneous revascular-
ization. The patients received a granulocyte colony-stimu-
lating factor (G-CSF) prior to the treatment. CD34+ cells
were retrieved from peripheral blood and injected direct-
ly into the muscle of the ischemic limb.
Results. CD34+ cells retrieved in patient 1 were 1×105/ml
and in patient 2 were 1.6×105/ml. Transcutaneous oxygen
pressure in the foot increased and clinical symptoms
improved. Newly visible collateral blood vessels were direct-
ly documented by angiography.
Conclusion. Satisfactory clinical improvement was achieved
by using peripheral blood EPCs (CD34+) in the patients with
CLI. No complications arose following the intramuscular
administration of peripheral blood CD34+ cells.
[Int Angiol 2003;22:344-8]
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Intramuscular transplantation of endothelial
progenitor cells (EPCs) may constitute an alter-
native treatment strategy for patients with criti-
cal limb ischemia (CLI). This strategy is designed
to promote the development of supplemental col-
lateral blood vessels that can constitute endoge-

nous bypass conduits around occluded native
arteries, a concept called therapeutic angiogene-
sis.1 Preclinical studies in animal models and early
results of clinical trials have demonstrated that
intramuscular injection of EPCs derived from bone
marrow can promote the neovascularization of
ischemic tissues.2-4 Previous studies have also
established that bone marrow-derived EPCs are
present in normal systemic circulation.5-7

This study describes the initial clinical experi-
ence of circulating CD34 antigen-positive EPC
(CD34+) transplantation for patients with CLI.
Two patients with CLI that could not be treated
with surgical or percutaneous revascularization
underwent direct CD34+ cell transplantation in
their ischemic limbs. There were no complica-
tions, and the patients experienced marked symp-
tomatic improvement and/or objective evidence
of improved limb perfusion. In this report we
explain the method of intramuscular autologous
peripheral blood CD34+ cell transplantation in the
ischemic limb and show results.

Materials and methods

Patients

The inclusion criteria for intramuscular CD34+

cell transplantation were drafted to restrict treat-
ment to those patients with chronic CLI who did
not show improvement in response to convention-
al therapies and who were not optimal candidates

344 INTERNATIONAL ANGIOLOGY December 2003

Received December 10, 2002; sent for revision February 5,
2003; re-sumbitted June 3, 2003; accepted for publication July
14, 2003.



Vol. 22, No. 4 INTERNATIONAL ANGIOLOGY 345

for surgical or percutaneous revascularization.
Subjects were excluded if they had cancer or dia-
betes. The patients gave written informed consent
before participation.

Granulocyte colony-stimulating factor (G-CSF)
administration

Five to 6 days before apheresis, the 2 patients
were treated with G-CSF (Filgrastin; Gran®, San-
kyo, Co. Ltd. Japan) administered by subcutane-
ous injection at approximately 2~3 µg/kg/day. Since
G-CSF has been reported to increase platelet aggre-
gation and platelet activity,8 oral antiplatelet drug
and intravenous heparin (10 000-15 000 µ/day)
were administered concomitantly.

Peripheral blood CD34+ cell retrieval and intramus-
cular CD34+ cell transplantation

Apheresis was initiated 5 to 6 days after the start
of G-CSF administration. The basilic, cephalic or
median antecubital vein was punctured with an
18-G needle to conduct apheresis. CD34+ cells were
retrieved from peripheral blood using Haemonet-
ics Multi (Haemonetics, Multi Component System
TM, USA). Cell suspensions of 60 ml and 80 ml
were obtained by apheresis. The number of CD34+

cells retrieved was 1×105/ml and 1.6×105/ml, respec-
tively.

The patients were anesthetized with spiral anes-
thesia. The cell suspension was injected directly
into the muscle of the ischemic thigh and calf
using a 26-G needle in a total of 50 points (1
ml/point) spaced 1 cm apart.

Transcutaneous oxygen pressure (TcPO2), ankle bra-
chial pressure index (ABI), and angiography

TcPO2 examination was performed at rest, in a
supine position before CD34+ cell transplantation
as well as 7 days and 14 days post-transplanta-
tion. A transcutaneous oxygen sensor (TCM3
Radiometer, Copenhagen, Denmark) was placed at
3 regions: the dorsum of the foot, the anterome-
dial calf at about 10 cm below the patella, and the
thigh at about 10 cm above the patella.

ABI was measured with an apparatus (ABI Form,
AT Company, Japan) that simultaneously meas-
ures the upper and lower extremity pressure.

Lower limb intra-arterial digital subtraction
angiography (IA-DSA) was performed in the pre-

transplantation period and in the 2nd week of post-
transplantation to evaluate the neovasculariza-
tion in the ischemic limbs.

Results

Two patients with CLI who were unsuitable for
surgical or percutaneous revascularization under-
went direct CD34+ cell transplantation in the
ischemic limb.

Patient 1 was a 78-year-old non-diabetic man
with chronic CLI Fontaine class III (rest pain)
who was treated daily with analgesics. IA-DSA
revealed complete occlusion of the left superficial
femoral artery, proximal popliteal artery, anteri-
or tibial, posterior tibial and peroneal arteries and
no suitable site for a conventional bypass.

Patient 2 was a 74-year-old non-diabetic man
with chronic CLI Fontaine class III who was also
treated daily wih analgesics. This patient was
referred to our institution after 3 previous bypass
revascularizations (femoro-femoral bypass, left
femoro-popliteal bypass with auto-saphenous vein
graft, left femoro-popliteal bypass with prosthet-
ic Dacron grafts), 2 surgical revisions, and iliac
percutaneous transluminal angioplasty with stent
placement.

Clinical status

Clinical improvement was achieved in the acute
postoperative course (approximately 7 days post-
transplantation) in both patients, and treatment
with analgesics was eliminated or reduced to spo-
radic use.

White blood cells (WBC) and platelet count varia-
tions

Figure 1A shows the variation in WBC counts.
Before the G-CSF administration, the WBC counts
were normal in both patients. On the day of apher-
esis (pre-apheresis), the WBCs increased to approx-
imately 30 000/ml. On the post-transplantation
day 1, counts were around 20 000/ml and contin-
ued to decrease progressively to a normal range:
post-transplantation day 7 for patient 1 and post-
transplantation day 14 for patient 2.

Figure 1B shows the variations in platelet counts.
G-CSF administration did not significantly change
the platelet count in either patient. However, leu-



kapheresis decreased the platelet count by about
25% in both patients but the count returned to
normal up to 1 week later. No hemorrhagic com-
plication occurred in either patient.

TcPO2, ABI, and angiography

TcPO2 and ABI measurements were performed
on day 7 and day 14 post-transplantation. A slight
increase in the TcPO2 value was observed in the
foot (Figure 2). However, no increase in ABI value
was observed. IA-DSA performed 2 weeks post-
transplantation showed an increase in collater-
al vessels in the ischemic limb at the calf (Fig-
ure 3).

Discussion

Therapeutic angiogenesis is a strategy designed
to promote the development of supplemental col-

lateral vessels that can constitute an endogenous
bypass conduit around occluded native arteries.1
Angiogenesis is based on 3 components of the
angiogenic process. One is enzymatic degrada-
tion of the basement membrane of the parent
venule. Another is endothelial cell migration. The
migrating endothelial cells elongate and align
with one another to create a solid sprout. A lumen
forms by a curvature that occurs within each
endothelial cell. The 3rd is endothelial cell pro-
liferation. Endothelial cell proliferation further
increases the length of a sprout. Two hollow
sprouts join at their tips to form a loop, after
which blood flow begins. Pericytes position them-
selves along the base of the loop and new sprouts
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Figure 1.—Variations in white blood cell counts (A) and platelet counts (B) prior to G-CSF administration, on the day of
apheresis, and on post-transplantation day 1, day 7, and day 14.
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Figure 2.—Variations in TcPO2 prior to peripheral blood
EPC transplantation, on day 7, and on day 14 post-PBSCT
(patient 1).

Figure 3.—Patient 1: digital subtraction angiography before (A)
and 2 weeks after (B) peripheral blood EPC transplantation.
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grow from the apex of the loop to continue the
angiogenic process.9

Experimental studies have established that
numerous angiogenic factors, including vascular
endothelial growth factor (VEGF),10, 11 basic fibro-
blast growth factor (bFGF),12, 13 and hepatocyte
growth factor (HGF),14, 15 promotes collateral
artery development in animal models of limb and
myocardial ischemia.

Recent study have reported that bone marrow
cells (BMCs) induce angiogenesis and improve the
damaged ischemic heat function in patients 2 and
in an ischemic hind limb animal model.3, 4 Another
recent study has also demonstrated that BMCs and
blood-derived EPCs, such as CD34+ cells, stimu-
lates vascularization.5, 7 Previous studies have estab-
lished that bone marrow-derived EPCs are present
in the normal systemic circulation.5, 16 However,
EPCs should be mobilized from the bone marrow
to peripheral blood for collection. We adminis-
tered G-CSF to mobilize and increase the progen-
itor population before retrieval from peripheral
blood. Thus, the number of CD34+ cells removed
by apheresis was equivalent to that from the treat-
ment using BMC transplantation.

In addition, a previous study on G-CSF activity
demonstrated that after G-CSF is administered,
endothelial cells express an activation/differenti-
ation cycle (including proliferation and migra-
tion) related to angiogenesis.17 A family of glyco-
protein molecules, termed colony-stimulating fac-
tors (CSF), control the proliferation, maturation,
and functional activities of granulocytes, macro-
phages, and their precursors.18-20 The idea that
hematopoietic growth factors are angiogenic
growth factors and vice versa is supported by 2
observations: 1) endothelial cells and hemato-
poietic cells have a common origin in embriogen-
esis, and 2) angiogenic factors of the FGF-type
induce mesoderm and stimulate the formation of
blood cells.21 In a comparison of G-CSF to bFGF,
G-CSF resulted in a lower maximal proliferation
of endothelial cells, whereas migration was on the
same order of magnitude with both factors.17

Conclusion

In conclusion, satisfactory clinical improvement
was achieved using peripheral blood EPCs (CD34+)
in patients with CLI, and no complications due

to the use of G-CSF or the intramuscular admin-
istration of peripheral blood CD34+ cells were
noted. Our clinical data support the use of periph-
eral blood cells as a possible source of stem cells
for therapeutic angiogenesis in CLI.

References

1. Takeshita S, Zheng LP, Brogi E, Kearney M, Pu LQ, Bunt-
ing S et al. Therapeutic angiogenesis. A single intraarte-
rial bolus of vascular endothelial growth factor augments
revascularization in a rabbit ischemic hind limb model.
J Clin Invest 1994;93:662-70.

2. Hamano K, Nishida M, Hirata K, Mikamo A, Li TS, Hara-
da M et al. Local implantation of autologous bone mar-
row cells for therapeutic angiogenesis in patients with
ischemic heart disease: clinical trial and preliminary
results. Jpn Circ J 2001;65:845-7.

3. Hamano K, Li TS, Kobayashi T, Tanaka N, Kobayashi S,
Matsuzaki M et al. The induction of angiogenesis by the
implantation of autologous bone marrow cells: a novel
and simple therapeutic method. Surgery 2001;130:44-54.

4. Ikenaga S, Hamano K, Nishida M, Kobayashi T, Li TS,
Kobayashi S et al. Autologous bone marrow implanta-
tion induced angiogenesis and improved deteriorated
exercise capacity in a rat ischemic hindlimb model. J Surg
Res 2001;96:277-83.

5. Asahara T, Murohara T, Sullivan A, Silver M, van der Zee
R, Li T et al. Isolation of putative progenitor endothelial
cells for angiogenesis. Science 1997;275:964-7.

6. Asahara T, Masuda H, Takahashi T, Kalka C, Pastore C,
Silver M et al. Bone marrow origin of endothelial progen-
itor cells responsible for postnatal vasculogenesis in phys-
iological and pathological neovascularization. Circ Res
1999;85:221-8.

7. Shi Q, Rafii S, Wu MH, Wijelath ES, Yu C, Ishida A et al..
Evidence for circulating bone marrow-derived endothe-
lial cells. Blood 1998;92:362-7.

8. Shimoda K, Okamura S, Inaba S, Okamura T, Ohga S,
Ueda K et al. Granulocyte colony-stimulating factor and
platelet aggregation. Lancet 1993;341:633.

9. Folkman J, Klagsbrun M. Angiogenic factors. Science
1987;235:442-7.

10. Isner JM, Pieczek A, Schainfeld R, Blair R, Haley L, Asa-
hara T et al. Clinical evidence of angiogenesis after gene
transfer of phVEGF165 in patient with ischaemic limb.
Lancet 1996;348:370-4.

11. Baumgartner I, Pieczek A, Manor O, Blair R, Kearney M,
Walsh K et al. Constitutive expression of phVEGF165 after
intramuscular gene transfer promotes collateral vessel
development in patients with critical limb ischemia. Cir-
culation 1998;97:1114-23.

12. Watanabe E, Smith DM, Sun J, Smart FW, Delcarpio JB,
Roberts TB et al. Effect of basic fibroblast growth factor
on angiogenesis in the infracted porcine heart. Basic Res
Cardiol 1998;93:30-7.

13. Kawasuji M, Nagamine H, Ikeda M, Sakakibara N, Tak-
emura H, Fujii S et al. Therapeutic angiogenesis with
intramyocardial administration of basic fibroblast growth
factor. Ann Thorac Surg 2000;69:1155-61.

14. Taniyama Y, Morishita R, Aoki M, Nakagami H, Yama-
moto K, Yamazaki K et al. Therapeutic angiogenesis
induced by human hepatocyte growth factor gene in rat
and rabbit hindlimb ischemia models: preclinical study
for treatment of peripheral arterial disease. Gene Ther
2001;8:181-9.

15. Aoki M, Morishita R, Taniyama Y, Kaneda Y, Ogihara T.



Therapeutic angiogenesis induced by hepatocyte growth
factor: potential gene therapy for ischemic diseases. J
Atheroscler Thromb 2000;7:71-6.

16. To LB, Haylock DN, Simmons PJ, Juttner CA. The biol-
ogy and clinical uses of blood stem cells. Blood
1997;89:2233-58.

17. Bussolino F, Ziche M, Wang JM, Alessi D, Morbidelli L,
Cremona O et al. In vitro and in vivo activation of endo-
thelial cells by colony-stimulating factors. J Clin Invest
1991;87:986-95.

18. Clark SC, Kamen R. The human hematopoietic colony-
stimulating factors. Science 1987;236:1229-37.

19. Sieff CA. Hematopoietic growth factors. J Clin Invest
1987;79:1549-57.

20. Metcalf D. The molecular control of cell division, diffe-
rentiation commitment and maturation in haemopoiet-
ic cells. Nature 1989;339:27-30.

21. Bikfalvi A, Han ZC. Angiogenic factors are hematopoiet-
ic growth factors and vice versa. Leukemia 1994;8:523-9.

Address reprint requests to: T. Nishibe, MD, PhD, Department
of Surgery, Division of Thoracic and Cardiovascular Surgery,
Fujita Health University, 1-98, Dengakugakubo, Toyoake, Aichi
470-11, Japan. E-mail: tnishibe@fujita-hu.ac.jp

348 INTERNATIONAL ANGIOLOGY December 2003


