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The lymphatic system has important functions 
in maintaining tissue fluid homeostasis, and 
it plays an important role in the acquired im-

mune response and lipid absorption.1–3 The lym-

phatic system is associated with several diseases that 
are becoming increasingly prevalent such as asthma, 
obesity, diabetes, cancer metastasis, and lymph-
edema.4–6 Despite the critical roles that this system 
performs, much less is known about the lymphatic 
vasculature than the blood vasculature.

Lymphedema is characterized by the excessive, 
regional interstitial accumulation of protein-rich 
fluid, tissue fibrosis, and susceptibility to infection. 
Secondary lymphedema develops after disruption 
or obstruction of the lymphatic system such as by 
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Background: Secondary lymphedema is a common complication of can-
cer therapy, but options for treating lymphedema are essentially ineffective 
and limited. On the contrary, lymphangiogenic growth factors accelerate 
lymphangiogenesis and improve lymphedema.
Methods: Rat tail models of lymphedema were assigned to groups that re-
ceived either daily topical basic fibroblast growth factor (bFGF) or saline 
(control) groups. Tail volume was measured, and the function of the lym-
phatic system was evaluated as the fluorescence intensity of indocyanine 
green every 3 days. The mRNA levels of vascular endothelial growth factor 
(VEGF)-C and VEGF-D and the protein levels of VEGF-C were evaluated 
at postoperative days (PODs) 7, 14, and 28. The subcutaneous and deep 
areas and lymphatic vessel density were histologically determined at PODs 
7, 14, and 28.
Results: Tail volume was significantly larger in the control than in the bFGF 
group (P < 0.05). The intensity of indocyanine green fluorescence signifi-
cantly decreased earlier in the bFGF group (P < 0.05). The mRNA and 
protein levels of VEGF-C were upregulated in the bFGF group at POD 14 
(P < 0.01). Both subcutaneous and deep tissues gradually withered in both 
groups but more rapidly in the bFGF, than in the control group, reaching 
statistically significant differences in the subcutaneous and deeper areas at 
POD 14 (P < 0.05). Lymphatic vessel density was significantly higher in the 
bFGF than in the control group at POD 14 (P < 0.05).
Conclusions:   Topical bFGF induces lymphangiogenesis and improves 
lymphedema in the rat tail model. (Plast Reconstr Surg Glob Open 2014;2:e196; 
doi: 10.1097/GOX.0000000000000154; Published online 6 August 2014.)
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filariasis or as a consequence of surgery and radio-
therapy for cancer.7,8 About 30%–40% of patients 
who undergo lymph node dissection will develop 
lymphedema.9,10 The development of effective treat-
ment options for lymphedema has been hindered 
by the fact that the etiology of this disorder remains 
unknown. Specifically, treatment for lymphedema 
still emphasizes the alleviation of symptoms and it is 
primarily based on manual lymphatic massage and 
tight-fitting garments designed to physically prevent 
fluid accumulation. These treatments are time con-
suming and permanent. On the contrary, advances 
in microsurgical techniques and liposuction offer 
hope for the treatment of this disorder, but results of 
these procedures have been mixed.11 Thus, despite 
substantial advances in surgical and conservation 
techniques, therapeutic options for the management 
of lymphedema are limited and mostly ineffective.8,12

The mechanisms of inflammatory lymphangio-
genesis are currently being elucidated. Lymphatic 
fluid stasis activates the expression of endogenous 
danger signals such as high mobility group box 1 
and heat shock protein 70.13 Endogenous danger 
signals activate Toll-like receptors 2, 4, and 9 on 
macrophages and contribute to sterile inflammation 
and lymphangiogenesis.14,15 The endogenous activa-
tion of Toll-like receptor can be either homeostatic 
or harmful, depending on the physiological milieu 
and context, and thus lymphangiogenesis facilitated 
in this manner can improve lymphedema.

Several attempts to treat lymphedema with lym-
phangiogenic growth factors have found accelerated 
lymphangiogenesis and improved lymphedema.12,16–24 
Therefore, therapy with lymphangiogenic growth 
factor might be the most appropriate strategy for 
treating secondary lymphedema after lymphatic ves-
sel damage due to surgery, infection, or radiation 
therapy. Lymphangiogenic growth factors include 
vascular endothelial growth factor (VEGF)-C, VEGF-
D, VEGF-A, angiopoietin-1, hepatocyte growth fac-
tor, adrenomedullin, and basic fibroblast growth 
factor (bFGF).16,17,20–25

Accumulating evidence indicates that VEGF-C 
plays a critically important and crucial role in the 
regulation of lymphatic vessel growth,17,26–29 and 
transfer of a gene expressing VEGF-C promotes 
the formation of lymphatic vessels and ameliorates 
lymphedema in an animal model.17,30,31 Further-
more, bFGF directly21,32,33 and indirectly induces 
lymphangiogenesis through VEGF-C and VEGF-
D mediation,33–35 and it has been widely applied to 
treat pressure, burns, and leg ulcers, since it was in-
troduced into the Japanese market in 2001. Several 
articles have described the value of topical bFGF for 
treating these conditions.36–38

We postulated that topical bFGF induces the 
growth of lymphatic vessels and ameliorates lymph-
edema. We tested this hypothesis by assessing the ef-
fect of bFGF on lymphangiogenesis and secondary 
lymphedema in a rat tail model.

MATERIALS AND METHODS

Animal Models
Eight-week-old male Lewis rats (Charles River 

Laboratories Japan, Yokohama, Japan) weighing 
220–270 g (n = 162) were cared for according to the 
principles and guidelines of the Japanese Ministry 
of the Environment. The Ethics Committee for Ani-
mal Experiments at Nagoya University approved the 
study protocol (24442, 25036).

Rat Model of Secondary Lymphedema
We surgically created secondary lymphedema in 

rat tails on day 0 as described.39,40 General anesthesia 
was induced and maintained by a mixture of oxygen 
and isoflurane. Briefly, a full-thickness circumferen-
tial skin excision was positioned 20 mm from the tail 
base to remove the superficial lymphatic vessels, and 
then deep lymphatic vessels were ligated and cut us-
ing a surgical microscope after a subcutaneous injec-
tion of 0.1% Evans blue dye. Both skin edges were 
cauterized with a radio knife for hemostasis and to 
delay wound closure.

After surgery, rats were sprayed with either saline 
(controls) or bFGF as described below.

Topical bFGF Application
Recombinant human bFGF in 100 μg/mL of recon-

stitution fluid (Fiblast Spray, Trafermin, Kaken Phar-
maceutical Co. Ltd., Tokyo, Japan) was sprayed using 
attached equipment to ensure uniform application to 
the surgical site as described by the manufacturer. The 
optimal concentration of bFGF was determined based 
on nonclinical studies.41 The surgical sites were direct-
ly sprayed with bFGF every day from postoperative day 
(POD) 1 to POD 28, and then 0.1% GENTACIN (gen-
tamicin sulfate) ointment (MSD K.K., Tokyo, Japan) 
was applied 30 seconds later to prevent infection.

Tail Volume Measurement
Tail volume was measured as volumetric water 

displacement every 3 days (n = 15 per group). We 
measured tail volume 3 times at each time point, 
and the means of the 3 measurements were statisti-
cally analyzed. Rates of change were calculated as 
tail volume at each POD divided by preoperative tail 
volume. We also measured the tail volumes of age-
matched rats that did not undergo surgery (n = 6) to 
estimate tail growth.
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Lymphatic System Function
Lymphatic function was evaluated by measur-

ing the fluorescence intensity of indocyanine green 
(ICG; Daiichi Sankyo, Tokyo, Japan) as described.42 
We modified the method to evaluate lymphatic 
function more precisely. Briefly, 0.1 mg of ICG was 
subcutaneously injected into the end of the tail on 
POD 1. Fluorescence intensity gradually decreases as 
the injected ICG drains from the tail into the body 
through lymphatic ducts. The drainage function 
of the lymphatic fluid was evaluated by measuring 
the average fluorescence intensity at the distal part 
of the surgical site every 3 days using a PDE System 
C9830 infrared camera (Hamamatsu Photonics K.K., 
Hamamatsu, Japan). We evaluated 8 cm of the tail 
distal from the surgical site. Rates of change were 
calculated as the average fluorescence intensity at 
each POD divided by the average fluorescence in-
tensity at POD 1. The fluorescence intensity of an 
age-matched group that did not undergo surgery 
was also measured (n = 6).

Real-time Polymerase Chain Reaction for VEGF-C and 
VEGF-D

Total RNA was isolated from tissue specimens 
(without bones or tendons) harvested from surgical 
sites (n = 6 per group) on PODs 7, 14, and 28 using 
RNeasy Lipid Tissue Mini Kits (Qiagen, Valencia, 
Calif.), and cDNA was prepared using High Capac-
ity RNA-to-cDNA Master Mix (Applied Biosystems, 
Foster City, Calif.). Specific primers for VEGF-C 
and VEGF-D TaqMan probes (Applied Biosystems) 
were used. The cDNA was amplified by 40 cycles 
of 95°C for 15 seconds and 60°C for 1 minute fol-
lowed by holding at 50°C for 2 minutes and 95°C 
for 10 minutes, and then differences in mRNA ex-
pression between the 2 groups were determined by 
calculating ΔCTs (CT for each target minus CT for 
β-actin for each sample). Levels of mRNA in the 
normal group (nonoperative, 9 weeks of age) were 
also measured, and the average was represented as 
1. Relative values for the bFGF and control groups 
were then calculated.

Enzyme-linked Immunosorbent Assay for VEGF-C
All tissues except bone and tendon harvested 

from surgical sites (n = 6 per group) at PODs 7, 14, 
and 28 were homogenized in Tris-buffered saline 
containing 1% Nonidet P-40, 10% glycerol, and pro-
tease inhibitors. Samples were adjusted to the same 
protein concentration. Concentrations of VEGF-C 
proteins in the media were determined using a rat 
VEGF-C enzyme-linked immunosorbent assay kit 
(PromoKine, Heidelberg, Germany) according to 
the manufacturer’s instructions.

Histological Examination
Hematoxylin/Eosin Staining

The rats were killed at 7, 14, and 28 days after 
surgery, and surgical sites were excised along with 
10 mm on the distal side. Tissues were fixed in 4% 
paraformaldehyde, decalcified in ethylenediami-
netetraacetic acid, embedded in paraffin, and sec-
tioned at 5-μm intervals 3 mm distal to the surgical 
site. Samples were histochemically stained with he-
matoxylin/eosin using standard techniques. Subcu-
taneous and deep-seated areas were measured using 
BZ-Analyzer software (Keyence K.K., Osaka, Japan). 
The subcutaneous area was considered to extend 
from the dermal/epidermal junction to the deep 
muscles, and the deep-seated area was considered 
to be the tissue underneath the subcutaneous area. 
Macrophage infiltration was confirmed using immu-
nofluorescence staining with 5 μg/mL of anti-CD68 
antibody (Abcam, Cambridge, United Kingdom).

Immunofluorescence Staining
The animals were killed at 7, 14, and 28 days af-

ter surgery, and surgical sites including 10 mm on 
the distal side were excised. Tissues were snap-fro-
zen in isopentane cooled with liquid nitrogen and 
then embedded in frozen Super Cryoembedding 
Medium (Leica Microsystems, Tokyo, Japan) and 
sectioned at 4-μm intervals just distal to the surgi-
cal site. Sections were postfixed in 4% paraformal-
dehyde. Nonspecific binding on all sections was 
blocked using 5% goat serum in 0.01 M phosphate-
buffered saline containing 0.3% Triton X-100 for 
1 hour at room temperature. The sections were 
incubated with 4 μg/mL of anti–lymphatic vessel 
endothelial hyaluronan receptor 1 (LYVE1) anti-
body (Acris Antibodies GmbH, Herford, Germa-
ny) overnight at 4°C followed by 1:1000-diluted 
A11012 goat anti-rabbit Alexa 594 fluorescent an-
tibody (Life Technologies, Gaithersburg, Md.) for 
1 hour. Sections stained with LYVE1 were scanned 
at low magnification (×60) to select areas contain-
ing the most lymphatics (hot spots). Five hot spots 
within each tail section were counted at ×400 
magnification, and the lymphatic vessel density 
was calculated as the mean number of lymphatic 
vessels in hot spots per field. The observer who se-
lected the hot spots and counted lymphatic vessels 
was blinded to the treatment allocation of the rats. 
We confirmed that LYVE1 distinguished lymphat-
ic endothelium from blood capillary cells by im-
munofluorescence double staining with 4 μg/mL  
of anti-LYVE1, 100 μg/mL of anti-CD31 anti-
body (Millipore, Billerica, Mass.), and 1:1000-di-
luted anti-mouse Alexa 488 fluorescent antibody 
(A11029; Life Technologies).
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Statistical Analyses
Data were statistically analyzed by an unpaired  

t test using SPSS version 20 (SPSS Inc., Chicago, Ill.). 
The results are expressed as means ± SD. Differences 
were considered statistically significant at P < 0.05.

RESULTS

Tail Volume Measurement
Figure 1 shows representative photographs of rat 

tails in the treatment groups, and Figure 2 shows 
volumetric changes in the control (blue) and bFGF 
(red) groups and the physiological increases in tail 
volume during the experimental period (green). Al-
though the 2 groups did not conspicuously differ on 
POD 7, differences became more obvious after POD 
14. The trajectory of the tail volume data in the con-
trol group was consistently higher than in the bFGF 
group at all time points except on PODs 1 and 16. 
The difference became more conspicuous if physi-

ological tail growth during the experimental period 
was also taken into consideration.

Lymphatic System Function
The average fluorescence intensity rapidly de-

creased for up to 7 days and then gradually de-
creased in both groups. The trajectory of the bFGF 
group (red) remained lower throughout the experi-
mental period. The average fluorescence intensity 
was significantly lower in the bFGF than in the con-
trol group (blue) on PODs 4 and 7 (P < 0.05), where-
as lymphatic fluid smoothly drained in the normal 
group (green; Fig. 3).

Real-time Polymerase Chain Reaction of VEGF-C and 
VEGF-D mRNA

More VEGF-C mRNAs were expressed in both 
groups on day 7, but the difference did not reach sig-
nificance. Significantly more VEGF-C mRNAs were 
expressed in the bFGF than in the control group on 
POD 14 (P < 0.01; Fig. 4).

Fig. 1. Representative photographs of rat tails in treatment groups. Swelling of the tail subsided sooner in the bFGF group 
than in the control group. A, bFGF-POD 7; B, Control-POD 7; C, bFGF-POD 14; D, Control-POD 14; E, bFGF-POD 28; F, Control-
POD 28.

Fig. 2. Tail volume measurements. Tail volume was smaller and decreased sooner in the bFGF group than in the control group. 
*P < 0.05 (t test). Control group and bFGF group: n = 15; normal group: n = 6.
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Although VEGF-D mRNA expression was in-
creased in both groups on day 7, differences be-
tween them were not significant on PODs 7, 14, and 
28 (Fig. 5).

Enzyme-linked Immunosorbent Assays for VEGF-C
Protein levels in skin from homogenized surgical 

sites were determined using enzyme-linked immu-
nosorbent assays. The protein level of VEGF-C was 
the highest in both groups on POD 14 and was sig-
nificantly more increased in the bFGF than in the 
control group (P < 0.01; Fig. 6).

Histological Assessment
Subcutaneous and Deep-seated Areas

The subcutaneous and deep-seated tissues were 
responsible for most of the volumetric changes 
in the skin. Higher magnification showed modest 
infiltration by inflammatory cells (mostly macro-
phages) above the fasciae on PODs 7 and 14 and 
that inflammation subsided by day 28. In paral-
lel with the inflammation, swelling peaked at day 
14 and significantly decreased thereafter in both 
groups. Quantitative assessment revealed signifi-
cantly less swelling in the subcutaneous and deep-

Fig. 3. Fluorescent intensity of ICG. Intensity of ICG fluorescence decreased significantly sooner in the bFGF group during first 
week after surgery and remained lower throughout experimental period than in the control group. *P < 0.05 (t test). Each 
group: n = 6.

Fig. 4. Messenger RNA levels of VEGF-C. Messenger RNA levels are enhanced in the bFGF group at POD 14. **P < 0.01 (t test). 
Each group: n = 6. n.s. indicates not significant.
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seated tissues in the bFGF than in the control group 
on POD 14 (P < 0.05; Figs. 7, 8).

Lymphatic Vessel Density
Immunofluorescence analysis with LYVE1, a 

specific marker of lymphatic endothelial cells, 
demonstrated a serial increase in lymphatic vessel 
density after surgery (Fig. 9). In addition, quanti-
tative assessment revealed a significant difference 
in lymphatic vessel density between the bFGF and 
control groups (Fig. 10). Furthermore, LYVE1-
positive and CD31-positive cells were clearly distin-
guishable.

These findings suggest that sterile inflammation is 
temporarily induced in the subcutaneous tissue by acute 
lymphatic stagnation, which in turn stimulates lymphan-
giogenesis. Topical bFGF seemed to enhance lymphan-
giogenesis and thus enhance lymphatic drainage.

DISCUSSION
The pathogenesis of secondary lymphedema in 

humans is usually via the depletion of lymphatic ves-
sels by radical surgery or radiotherapy for malignant 
tumors.7,8,12,43 Therefore, any treatment that can in-
duce lymphatic vessel formation should be a promis-
ing option for this formidable condition. We showed 

Fig. 5. Messenger RNA levels of VEGF-D. Expression of VEGF-D mRNA is similar between bFGF and control groups. t test. Each 
group: n = 6. n.s. indicates not significant.

Fig. 6. Protein levels of VEGF-C. Protein levels of VEGF-C are significantly increased in the bFGF group, compared with the con-
trol group on POD 14. **P < 0.01 (t test). Each group: n = 6. n.s. indicates not significant.
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here that topical bFGF induced lymphangiogenesis 
and significantly ameliorated secondary lymphede-
ma through enhanced expression of VEGF-C at both 
the gene and protein levels in a rat model in vivo.

The VEGF family comprises a group of highly 
specific mitogens for endothelial cells. They induce 
angiogenesis and lymphangiogenesis through signal 
transduction involving tyrosine kinase receptors that 
lead to endothelial proliferation, migration, and 
vessel formation. The most studied of the group is 
VEGF-A, which binds to VEGF receptors (VEGFRs)-1 
and -2 and induces angiogenesis, whereas VEGF-C 

and VEGF-D are potent lymphangiogenic factors that 
interact with VEGFR-329 that is expressed exclusively 
on lymphatic endothelial cells.16,44 Considerable ex-
perimental evidence has shown that these factors 
function in the development and maintenance of 
lymphatic systems.45 Mice deficient in VEGF-C have 
developmental loss of a functional lymphatic sys-
tem,16 and the transgenic expression of soluble VEG-
FR-3 results in pronounced lymphedema.46 On the 
contrary, VEGF-C gene therapy ameliorates lymph-
edema through lymphangiogenesis in several animal 
models.17,30,31

Fig. 7. Measurement of subcutaneous areas. Subcutaneous area is significantly smaller in the bFGF group, than in the control 
group at POD 14. *P < 0.05 (t test). Each group: n = 6. n.s. indicates not significant.

Fig. 8. Measurement of deep-seated areas. Deep-seated area is significantly smaller in the bFGF group than in the control 
group at POD 14. *P < 0.05 (t test). Each group: n = 6. n.s. indicates not significant.
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The present study showed that topical bFGF fa-
cilitates lymphangiogenesis through VEGF-C up-
regulation. On POD 7, powerful upregulation of 
VEGF-C mRNA occurred naturally in both groups 
and was maintained with topical application of 
bFGF. In contrast to the control group, VEGF-C 
upregulation was observed in mRNA and protein 
levels in the bFGF group on POD 14. This promot-
ed lymphangiogenesis and reduced tail volume. 
Upregulation subsided during wound healing, as 

recorded in both groups on POD 28. In addition, 
lymphedematous tail volumes were more attenu-
ated in the bFGF, than in the control group, in par-
allel with a significant increase in the number of 
LYVE1-positive lymphatic vessels. Significantly less 
subcutaneous and deep-seated areas were found in 
the bFGF than in the control group on POD 14. 
These results indicate that topical bFGF improved 
secondary lymphedema through lymphangiogen-
esis facilitated by VEGF-C.

Fig. 9. Immunohistochemical fluorescence staining for LYVE1. The numbers of visible lymphatic vessels (red) gradually in-
creased over time. Lymphatic vessels are mainly located in subcutaneous tissue above fascia. A, bFGF-POD 7; B, bFGF-POD 14; 
C, bFGF-POD 28; D, Control-POD 7; E, Control-POD 14; F, Control-POD 28 (×100).

Fig. 10. Measurement of lymphatic vessel density. Lymphatic vessel density gradually increased in both groups, but was sig-
nificantly higher in the bFGF group than in the control group at POD 14. *P < 0.05 (t test). Each group: n = 6. Lymphatic vessel 
count/1 field, ×400. n.s. indicates not significant.
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Circumferential measurements comprise the 
most popular clinical method of evaluating severity. 
However, secondary lymphedema occurs distal to 
lymphatic vessels or lymph node obstructions with a 
heterogeneous distribution.47 Therefore, volumetric 
changes provide more reliable parameters of sever-
ity. Here, we used the rat tail model of secondary 
lymphedema that allows precise volumetric analyses 
of the tail.40,42 We also measured tail volume 3 times 
at each time point, and the means of the 3 values 
were analyzed to further improve evaluation preci-
sion. The results showed that tail volume was con-
sistently and significantly lower in the bFGF than in 
the control group at all time points except for PODs 
1 and 16. The difference became more conspicuous 
when physiological growth of the tail was taken into 
account. This finding showed that topical bFGF im-
proves lymphatic stagnation and enhances the resto-
ration of lymphatic function.

bFGF is a potent mitogen for several cell types 
including blood vascular and blood capillary endo-
thelial cells, and it induces an angiogenic response. 
Findings in vitro have indicated that bFGF should also 
directly21,32,33 and indirectly21,33,35 induce lymphangio-
genesis. Others have shown a dose-dependent effect 
of bFGF on lymphatic endothelial cell proliferation, 
migration, and tube-like formation in vitro.21,48 The 
following has been proposed as possible induction 
mechanisms: a direct pathway via Phospatidylinositol 
3-kinase/Akt49,50 and an indirect pathway associated 
with VEGF-C and VEGF-D that activates VEGFR-3. 
Accumulating evidence indicates that the signaling 
pathway of VEGF-C and its receptor, VEGFR-3, are 
critically important for the regulation of lymphatic 
vessel growth.17,26–29 Furthermore, bFGF can also in-
crease tissue plasminogen activator activity and pro-
mote lymphatic endothelial cell motility.32 These 
findings indicated that bFGF induces lymphangio-
genesis and improves secondary lymphedema in vivo.

We also evaluated lymphatic function by examin-
ing the rate at which injected ICG was removed from 
the distal part of the surgical site. Several recent 
studies have used near-infrared (NIR) fluorescence 
imaging with ICG to visualize lymphatic channels in 
vivo.51–54 Lymphography with ICG includes NIR im-
aging within the range of 700–900 nm, which enables 
deeper tissue penetration than visible light. ICG is 
the hallmark of NIR lymphatic imaging because it 
is approved by the Food and Drug Administration 
for use in humans. We measured ICG fluorescence 
intensity using an infrared camera and confirmed a 
statistically significant decrease in the fluorescence 
intensity of the bFGF, compared with the control 
group throughout the first postoperative week. Al-
though the difference was not statistically significant 

at later time points, the ICG fluorescence intensity 
of the control group remained higher throughout 
the experiment period. These results indicate that 
topical bFGF is more effective during the early phase 
of lymphatic stagnation, although the effect seems 
to persist for at least 1 month. Therefore, we believe 
that bFGF treatment for secondary lymphedema 
should be implemented as soon as possible after lym-
phatic damage. On the contrary, bFGF and VEGF-C 
might enhance tumor growth and metastasis in tu-
mor models because lymphatic circulation is a major 
route of the metastatic dissemination of cancer cells. 
In addition, the expression of the lymphangiogenic 
factors VEGF-C and VEGF-D correlates with the me-
tastasis of many types of tumors in humans.55 How-
ever, although local injections of bFGF into tumor 
inoculation sites induce obvious tumor growth and 
metastasis, repeated bFGF injections at sites remote 
from the tumor do not.56 Thus, the clinical benefits 
and hazards of using local bFGF therapy to treat 
lymphedema caused by cancer therapy must be care-
fully considered. We envisage that bFGF therapy is 
indicated not only for secondary lymphedema, but 
also for postsurgical and posttraumatic swelling that 
interferes with rehabilitation and functional recov-
ery. That is, the control of postsurgical and posttrau-
matic swelling might facilitate functional recovery 
and consequently improve outcomes.

The present study has some limitations. The rat 
tail model of secondary lymphedema might not rep-
licate that in humans. The latter usually occurs in-
sidiously, a significant delay in onset from lymphatic 
insult is quite frequent, and it seldom spontaneously 
recovers. In addition, less than one third of patients 
who have undergone radical lymphadenectomy for 
breast or uterine cancer develop secondary lymph-
edema. These features indicate that factors other 
than the mechanical obstruction of lymphatic flow 
are involved in the delayed development of chron-
ic edema. In contrast, the rat tail model follows an 
acute course and spontaneously improves without 
treatment. Therefore, the beneficial effect of topical 
bFGF determined herein might not be generalizable 
to human secondary lymphedema. On the contrary, 
few would argue against the value of enhanced re-
covery from lymphedema during the acute phase 
after surgery in the context of preventing secondary 
lymphedema. Furthermore, although VEGF-C ex-
pression was enhanced at both the gene and protein 
levels, this does not necessarily guarantee that the 
VEGF-C pathway is solely responsible for the treat-
ment effects determined in the present study. There-
fore, further investigation is required to determine 
details of the mechanism using neutralizing antibod-
ies against VEGF-C and bFGF.
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CONCLUSIONS
Topical bFGF applied to surgical sites enhanced 

the recovery of lymphatic drainage and lymphan-
giogenesis after massive surgical lymphatic insult. 
Thus, bFGF can significantly ameliorate acute lym-
phatic edema although the long-term effects remain 
 unknown. 
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