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ABSTRACT

Although lymphedema is a common disabling disease causing significant morbidity for
affected patients, treatment for this condition remains limited and largely ineffective. Some
reported data suggest that some bone-marrow derived cells may play a role in
lymphangiogenesis. It appears that blood vessels and lymphatic vessels might use the same
population of cells for vasculogenesis and lymphangiogenesis. Therefore, adult stem cell
therapy could be a new useful strategy for the treatment of lymphedema. We report a
resolution of a severe lower limb bilateral lymphedema after implantation of autologous
adult stem cells derived from bone marrow. As far as we know, this is the first reported
case with chronic lower limb lymphedema treated successfully with autologous cell therapy.
This procedure is a low-cost, relatively simple and easy to perform option that opens new
ways for the treatment of lymphedema.

Key words: Stem cell, lymphedema, bone-marrow derived cells, l[ymphangiogenesis.

RESUMEN

Aunque el linfedema es una enfermedad crénica inhabilitante comiUn que causa morbilidad
significativa en los pacientes afectados, el tratamiento para esta enfermedad se mantiene
muy limitada y en la mayor parte de los casos resulta ineficaz. Algunos datos reportados
sugieren que algunas de las células madre derivadas de la medula ésea pueden intervenir
en la linfangiogénesis. Al parecer, los vasos sanguineos y los vasos linfaticos podrian usar la
misma poblacidn celular para la vasculogénesis y la linfangiogénesis. Por consiguiente, la
terapia con células madre adultas podria ser una nueva estrategia Gtil para el tratamiento
de linfedema. En el presente trabajo se informa la resolucién de un linfedema bilateral
severo de miembros inferiores después de la implantacién de células madre autdlogas
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derivadas de la médula ésea. Hasta donde sabemos, este es el primer caso de linfedema
crénico de los miembros inferiores tratado exitosamente con células madre autdlogas. Este
método de tratamiento es econdmico, relativamente simple, facil de realizar y una opcién
gue abre nuevas vias para el tratamiento del linfedema.

Palabras clave: células madre, linfedema, células derivadas de la médula 6sea,
linfangiogénesis.

INTRODUCTION

Lymphedema is a chronic condition characterized by the abnormal accumulation of
interstitial fluid due to insufficiency of the lymphatic system, either as a primary or as a
secondary disorder. Although it is a common disabling disease causing significant morbidity
for affected patients, treatment for this condition remains limited and largely ineffective.’

Recently stem-cell based therapy has been the focus of attention for inducing therapeutic
angiogenesis and the therapeutic potential of adult stem cells in the treatment of peripheral
arterial disease has become increasingly evident during the last years.?

Some reported data suggest that some bone-marrow derived cells may play a role in
lymphangiogenesis.>* It appears that blood vessels and lymphatic vessels might use the
same population of cells for vasculogenesis and lymphangiogenesis.® Therefore, adult stem
cell therapy could be a new useful strategy for the treatment of lymphedema.

Here we report a resolution of a severe lower limb bilateral lymphedema after implantation
of autologous adult stem cells derived from bone marrow.

CASE REPORT

A 58 -year -old man was referred to our service of angiology with severe swelling of both
lower extremities. This swelling started two years earlier after recurrent episodes of
lymphangitis. The diagnosis of lymphedema of the inflammatory type was performed and
conservative therapy was initiated, including compression bandaging. Despite this treatment
the swelling became progressively more severe. This condition limited his walking in a
marked degree and disabled him to go upstairs.

Except the above mentioned lymphangitis episodes, the patient did not have a noteworthy
past medical history. Physical examination revealed a body weight of 137 kg, a blood
pressure of 120/80 mm Hg and severe lower limb bilateral lymphedema affecting both
extremities up to the inguinal regions (fig. 1A). No other pathological findings were
revealed. The circumferences of his lower extremities were measured 7 cm above the knee,
at the knee, 7cm below the knee, at the ankles and at the metatarsus (table).
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A B

Fig. Severe lower limb bilateral lyrnphederna before (A) and six months (B) after stern cell
irnplantaton into the right extrernity,

Table. Circumferences of the lower extremities before and six months after

stem cell implantation into the right extremity

Right extremity Left extremity
Measured sites Before | After | Improvement | Before | After | Improvement
fem} | {em} | fem) | (%) | {cm) | {cm) | {cmj o | (%]
Dorsum of the foot 32,2 26,0 G,2 19,3 30,6 24,5 G,1 19,9
ankles 453 |3z0 | 123 | 272 | 419 | 32,0 | 99 | 236
Below 10.cm to knee a0,7 34,5 16,2 32,0 43,8 33,0 15,8 32,4
Krnee 47,5 41,5 G,0 12,6 a0,0 40,0 10,0 20,0

Above 10cmto knee | 66,7 |52,2 | 145 | 21,7 | 66,5 52,7 | 13,2 | 20,8

Laboratory findings, including a complete blood count, sedimentation rate, urinalysis
findings, liver function tests and renal tests were unremarkable. A chest radiograph and an
electrocardiogram showed normal results. A °°™Tc sulphide colloidal lymphoscintigraphy®
showed absence of flow at both lower extremities.

As patient was considered unresponsive to conservative therapy, taking into account
worsening of swelling in both extremities as well as serious worsening in quality of life, an
autologous transplantation of Granulocyte Colony-Stimulating Factor (G-CSF) mobilized
peripheral blood stem cell (PBSC) in the most affected extremity was proposed. Scientific
and Ethics Committees of participating institutions approved this treatment and the patient
gave written informed consent.

For bone marrow mononuclear cell mobilization, the patient was previously subcutaneously
injected with human recombinant G-CSF (Leuko CIM, CIMAB SA, La Habana, Cuba). The
whole procedure, including peripheral blood collection and mononuclear cell (MNC)
concentration adding hidroxyetilstarch (HES) 6 % to the collected blood, was performed as
previously described.” A final volume of 140 mL of concentrated cell suspension was
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obtained. Absolute MNC count was 8,4 x 10° and CD34+ absolute stem cell number was 42
x 10°. Cell viability was 95 %.

Under propofol 1 %, sedation and in sterile conditions concentrated cells were implanted in
the most affected extremity (right limb) by multiple circumferential injections into the leg
and distal half of the thigh. In addition, cells were also injected into the dorsum of the foot.
A volume of 0,75 mL of the cell suspension was implanted 1-1,5 cm deep into each injection
site with a 3 x 3 cm grid, using a 24 - gauge needle. Total injection volume was 120 mL.

Slight leakage of fluid from the tissues observed at the injection sites, disappeared 48 hours
after cell implantation. During this period, compression bandaging was used and there after
an elastic stocking was indicated. No other related side- effect was observed throughout the
therapeutic procedure or within the whole follow-up period.

One week after cell implantation a mild improvement of foot swelling was appreciated at the
treated extremity. Subsequently, progressive improvement of lymphedema was observed
and striking improvement of bilateral lymphedema was obtained with 19 kg body weight
lost during the 6 months following cell implantation (fig. 1B). Six months after treatment
the patient showed reduced circumferences of both extremities (table). Follow-up
lymphoscintigraphy was not performed because patient did not accept this study.
Improvement was sustained during one and a half year follow-up.

DISCUSSION

In recent years, much attention has been given to lymphangiogenesis and new advances in
the study of lymphedema have been obtained.®

Lymphatic vessels and blood vessels are essential collaborating parts of the circulatory
system. The lymphatic vessels differ in many ways from the blood vessels, but they also
share many properties. Recently, new information about the regulation of
lymphangiogenesis has been gained, and the factors known to regulate blood vessels have
been shown to be involved in the biology of the lymphatic vessels.® The development of
blood and lymphatic vascular systems is primarily regulated by vascular endothelial growth
factor (VEGF) family members: VEGF-A, VEGF-B, VEGF-C, VEGF-D and placenta growth
factor.'? It is considered that VEGF-A is the most important of them for the control of
angiogenesis, whereas VEGF-C and VEGF-D are the main factors that control
lymphangiogenesis.

From the clinical point, various therapeutic procedures have been proposed for selected
patients with lymphedema, who are unresponsive to conservative therapy.®° Several
surgical options with promising results have been reported, including lymphatic
microsurgery, autologous lymphatic tissue implants and circumferential suction - assisted
lipectomy. 8113

More recently, based on novel findings on the molecular mechanisms involved in
lymphangiogenesis, encouraging results have been obtained with VEGF-C gene therapy and
with human recombinant VEGF-C in experimental animal models, which provide attractive
procedures for pro-lymphoangiogenic therapy in lymphedema.**'> Known similarities
between the regulation of blood and lymphatic vessels, and the preclinical and clinical
studies that have provided evidence that implantation of bone marrow derived cells into
ischemic limbs can improve tissue vascularization, encouraged us to use cell therapy for the
treatment of lymphedema.

Following autologous mobilized PBSC implantation, our case showed an astonishing clinical
recovery with marked improvement of bilateral lymphedema, despite the fact that cells
were implanted in only one of the affected extremities.
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Up today, the mechanisms through which the transplanted cells might improve tissue
recovery remain unknown. Several hypothesis have been suggested including
transdifferentiation, cell fusion, a paracrine effect by release of various cytokines and
growth factors or maybe an addition of more than one mechanism.>!®!” It has been
referred that adult human progenitor cells from bone marrow are potent sources of
VEGF.'”*® On this point, it is important to underline that VEGF-C and VEGF-D are specific
regulators of lymphangiogenesis.*®

It is accepted that hematopoietic cells may release different growth factors and cytokines
and a fraction of CD34+ cells may acts as lymphatic / vascular endothelial precursors
cells.??

There are at least two possibilities that might explain why G-CSF mobilization plus the
transplantation into local affected tissues of the collected and concentrated PBSCs can result
in the excellent therapeutic improvement obtained. The first is that local injections of G-CSF
mobilized PBSCs into the selected lower extremity directly bring a number of circulating
endothelial precursor cells into affected tissues where these cells can initiate
lymphangiogenesis. The second is that a large number of transplanted cells can secrete in
vivo in the injected sites several cytokines and grown factors known to stimulate
lymphangiogenesis and that may produce a paracrine effect in a similar way as has been
suggested in ischemic diseases.!”''? Another possible related mechanism is based on the in
vivo (endogenous) availability of a pool of systemic and circulating G-CSF mobilized PBSCs
that might be recruited to the affected tissues, contributing in this way to
lymphangiogenesis. Some of these possibilities may coexist in this therapeutic approach.

By the other side, we were surprised by the fact that the contralateral, also affected but
non-treated, lower limb, also showed a notable improvement. Although we have not a
proved explanation for the mechanisms involved in this therapy related effect, it could be
suggested that endogenous mobilized PBSCs were recruited to the affected tissues in this
limb, as aforementioned, and in this way they could in principle act similarly to the local
exogenous transplanted cells facilitating the recovery of the swollen tissues inducing certain
degree of lymphangiogenesis. As a pure speculation, this observation raises also the
possibility that the classical inter cellular coordinative communicating system may be more
complex than previously thought.

In some cases increased serum values of cytokines and growth factors secreted by the
exogenously implanted cells have been detected.?® Perhaps, a telecrine effect of these
circulating soluble products might exist in certain cases with an action on distant target-
cells; this effect might be in addition to the paracrine effect previously suggested. This
possibility would help to explain in part our result and also others not yet completely
explained, related to improvement of glucose metabolism in diabetic patients who received
mononuclear cell implantation into the lower extremities because of ischemic disorders.?!?2

As far as we know, this is the first reported case with chronic lower limb lymphedema
treated successfully with autologous cell therapy. This method of treatment is a low-cost,
relatively simple and easy to perform option that opens new ways for the treatment of
lymphedema. Our observation is supported by the results obtained in a recent controlled
study in patients with breast cancer related arm lymphedema.??

However, further studies are needed in order to obtain an accurate evaluation of the

efficacy and long term safety of this novel therapeutic strategy in patients with
lymphedema.
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