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Abstract

The aim of the present study was to report the remodeling of the base-
ment membrane through physiological stimulus during the treatment 
of fibrosis in a lower limb with lymphedema. A clinical trial was con-
ducted involving the evaluation of the basement membrane in skin 
biopsies before and after treatment for clinical stage II lower limb 
lymphedema using the Godoy method for the reversal of lymphedema 
and skin fibrosis. The samples were stained with Gomori’s reticulin 
stain and evaluated using Weibel’s multipoint morphometric method 
at the Godoy Clinic. Prior to treatment for lymphedema, rupture and 
important discontinuity of the basement membrane was found. After 
treatment, structural continuity and thickness had returned to the re-
gions of previous rupture. The difference was statistically significant 
(P < 0.05, paired t-test). The present study reports that physiological 
stimuli targeting the lymphatic system led to the clinical reversal of 
fibrosis, as well as stimulate the synthesis of extracellular matrix pro-
teins and the reconstruction of the basal lamina of the skin.
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Introduction

Basement membranes (BMs) are thin lamina of extracellular ma-

trix that provide support for epithelia, muscle fibers, blood ves-
sels and peripheral nerves. According to the results of scanning 
electron microscopy (SEM), the standard BM has a thickness of 
< 100 nm [1, 2]. However, SEM micrographs of retinas of human 
primates and non-human adults show that the thickness gradually 
increases with age, reaching about 2 µm at around 80 years [3]. 
Under a light microscope, a BM is poorly revealed by hematoxy-
lin and eosin but is more intensely revealed with periodic acid-
Schiff reagent, measuring around 1.0 to 1.5 mm in width [4].

BMs are multifunctional and modulate cell behavior, regu-
late organogenesis, promote tissue repair, form a barrier to tumor 
filtration and metastases, link growth factors and mediate angio-
genesis [4, 5]. Studies have shown that members of the laminin 
family, collagen IV, nidogen 1 and 2, proteoglycans, perlecan, 
agrin and collagen XVIII are the main constituents of BMs [6]. 
Collagen IV and laminin self-assemble into two supramolecular 
networks that link to nidogen and perlecan to form a morpho-
logically discernable BM/basal lamina [5]. Laminin is the most 
abundant non-collagen glycoprotein in the membrane [5].

Fibrosis is a common form of target-organ insufficiency 
in a variety of organic systems, including the liver, lung, heart, 
pancreas and kidneys. In chronic lymphedema, collector ves-
sels become progressively fibrotic and are eventually replaced 
with scar tissues, which obliterates the luminal area of the 
vessels [7]. Several studies have implicated the transforming 
growth factor (TGF)-β1 pathway as an important factor to the 
regulation of fibrosis in different organ systems [8]. Although 
the exact mechanism by which fibrosis induces lymphatic dys-
function is not yet fully clarified, it is likely the result of the 
progressive obliteration of the initial lymphatic system and 
collector vessels, along with impaired collateral regeneration. 
The aim of the present study was to report the remodeling of 
the BM through physiological stimulus during the treatment of 
fibrosis in a lower limb with lymphedema.

Case Report

A 67-year-old patient was assessed clinically for the diagnosis 
of lymphedema. Other causes of unilateral edema were inves-
tigated, such as chronic venous disease, heart disease, kidney 
disease and hypoproteinemia. The patient had a 12-year his-
tory of edema and had one episode of erysipelas in the period, 
which was treated with an antibiotic. The physical examina-
tion revealed intense fibrosis and the absence of Godet’s sign. 
Volumetry was performed using the water displacement meth-
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od, which revealed that the limb had 1,200 additional grams in 
comparison to the contralateral limb. The diagnosis was late 
primary lymphedema aggravated by an episode of erysipelas. 
A biopsy was performed of the internal malleolar region of the 
right leg before and after clinical normalization of the fibro-
sis, which was characterized by the return of elasticity and the 
absence of edema. For the biopsies, the patient was submitted 
to asepsis and antisepsis; local anesthesia was performed us-
ing 2 mL of Xylocaine 2%, followed by a longitudinal wedge-
shaped incision approximately 1 cm in length and 0.5 cm in 
width. The biopsied material was preserved in 10% formalin 
and embedded in paraffin. The histological slices were stained 
with Gomori’s reticulin stain and the evaluation was performed 
using Weibel’s multipoint morphometric method.

Treatment

The Godoy intensive treatment method [9] was performed, 
which consisted of cervical lymphatic therapy using the Godoy 
method (approximately 30 gentle movements on the skin in the 
supraclavicular region 15 - 20 min per day) [10], combined with 
8 h of mechanical lymphatic therapy involving an electrome-
chanical device that performs approximately 25 passive plantar 
flexion and extension movements per minute [11], 2 h per day 
of manual lymphatic therapy [12], and a compression mecha-
nism. Hand-crafted stockings made with grosgrain fabric [13] 
were alternated with medium-stretch elastic bandages, which 
were maintained throughout the entire treatment. The duration 
of treatment was 2 months, when the clinical reversal of fibrosis 
was achieved, and the elasticity of the skin had improved. At this 
point, the post-intervention biopsy was performed.

Outcomes

Prior to treatment for lymphedema, rupture and important dis-
continuity of the BM was found. After treatment, structural 
continuity and thickness had returned to the regions of previ-
ous rupture. The difference was statistically significant (P < 
0.05, paired t-test) (Table 1 and Fig. 1).

Discussion

The present study shows that it is possible to reconstruct the BM 
of fibrotic skin using specific stimuli on the lymphatic system. 
This is the first study in the literature to evaluate a specific form of 
lymphatic therapy for the treatment of stage II lymphedema that 
proposes the normalization or near normalization of lymphede-
ma in all clinical stages, including elephantiasis, paving the way 
for a new line of research involving the reconstruction of the skin 

- in this case, specifically the basement basal lamina.
A previous study reports the loss of compliance of the soft 

tissues and lymphatic tissues, as seen in histological samples 
from patients with chronic lymphedema, which can consider-
ably diminish lymphatic function, leading to the obliteration of 
the lymphatic vessels [14]. TGF-β1 is a well-known regulator 
in the synthesis of extracellular matrix, the function of which 
is to diminish fibrosis in practically all organ systems, such as 
the lung, liver, kidney, skin and cornea [14, 15]. Th2 cytokines 
interact and cooperate with TGF-β1 in the regulation of tissue 
fibrosis [15]. Besides its profibrotic effects, TGF-β1 inhibits 
the lymphatic endothelium, cell proliferation, migration and 
the formation of tubules [15]. These aspects have led to the hy-
pothesis that the increased expression of TGF-β1 is the result 
of stasis of the lymphatic fluid.

There are several hypotheses and probable mechanisms 
in the involvement of skin in the fibrotic process. The initial 
changes in patients with lymphedema lead to the accumulation 
of proteins in the interstitial space, progressing to the develop-
ment of lymphedema itself. Therefore, in terms of the treat-
ment of fibrosis, the interference in its physiopathology, which 
is the main therapeutic basis, was a specific form of lymphatic 
therapy - the Godoy & Godoy method, which proposes the 
clinical reversal of fibrosis.

The present study evaluates the specific effect of treatment 
on the BM. However, the authors are currently performing a 
series of investigations in each region and the mechanisms in-
volved. The most important aspect of the present study is that 
it paves the way for a line of therapy for fibrosis and the in-
vestigation of each phase of the process. The epidermis is sig-
nificantly affected and is of fundamental importance in terms 
of medicinal therapies involving creams, pomades, etc. There-
fore, new analyses and the use of SEM may identify and help 
analyze the dynamics of the changes that occur in the skin.

Conclusions

The present study reports that physiological stimuli targeting 
the lymphatic system led to the clinical reversal of fibrosis, as 
well as stimulate the synthesis of extracellular matrix proteins 
and the reconstruction of the basal lamina of the skin.
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Table 1.  Morphometry of Epidermis (µm) and Dermal Papillae (µm)

Before After
Rupture of basement membrane (ruptures/mm) 1.59 ± 0.11a 0.89 ± 0.09b

a, bDifferent letters denote significant difference between groups (P < 0.05).
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Figure 1. Rupture of basement membrane (ruptures/mm), before, and after treatment: epidermis-dermis interface, region of 
basement membrane - collagen III. (a) Graph of ruptures/mm of epidermis-dermis interface before and after treatment. Note 
significant difference between groups. (b, d) Region of basement membrane (papillary epidermis-dermis interface) prior to treat-
ment, with reticular fibers (collagen IV) presenting ruptures and discontinuity. (c, e) Region of basement membrane showing 
return of structural continuity and thickness in regions of previous rupture. Epi: epidermis; arrowhead: rupture of collagen III in 
region of basement membrane; arrows: continuity and thickness of reticular fibers in region of basement membrane. Staining: 
Gomori’s reticulin.
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