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 Abstract 
  Background:  Hyaluronidases are essential for the breakdown of hyaluronate (HA) in tissues 
and may be used to prevent the adverse effects of HA fillers.  Objectives:  We explored the ef-
fect of hyaluronidase on exogenous and endogenous HA in vitro and in vivo.  Materials and 
Methods:  HA fillers were incubated with different concentrations of hyaluronidase and visu-
alized by electrophoresis. HA fillers were injected in the skin of hairless mice, and 4 h later 
hyaluronidase was injected in the papules of exogenous HA. Hyaluronidase was injected in 
the nodule of pretibial myxedema of a male patient with Graves’ disease. Skin sections of mice 
and of the patient were performed, and a skin ultrasound system was used to monitor the 
evolution of skin lesions.  Results:  Hyaluronidase showed a degrading effect on HA with in-
creasing concentrations. Hyaluronidase injection significantly decreased the content of exog-
enous HA within 3 days. Intralesional injection of hyaluronidase resulted in dissolution of the 
nodule of pretibial myxedema with no recurrence during 3 months.  Conclusion.  These results 
show that the injection of hyaluronidase is capable of degrading exogenous HA in mouse skin 
and endogenous HA in human skin in vivo and may be a therapeutic option for skin diseases 
characterized by abnormal accumulation of HA.  © 2016 The Author(s)
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  Introduction 

 Hyaluronidases are endo-β-N-acetyl-hexosaminidases essential for the breakdown of 
glycosaminoglycan hyaluronate (HA), a major constituent of the extracellular matrix of the 
skin  [1] .

  It is now recognized that the hyaluronidases are a family of enzymes. There are six hyal-
uronidase-like sequences in the human genome clustered in groups of three at two chromo-
somal sites, on chromosomes 3p21.3 ( HYAL1 ,  HYAL2  and  HYAL3 ) and 7q31.3 ( HYAL4 , 
 PH20 / SPAM1  and  HYALP1 )    [2] . Hyal-1 is an acid-active hyaluronidase found in mammalian 
plasma and urine, and is also found at high levels in major organs such as the liver, kidney, 
spleen and heart. Another widely expressed and important human acid-active hyaluronidase, 
Hyal-2, is encoded by a gene at an adjacent chromosomal site to Hyal-1. Hyal-2 is the major 
tissue HA-degrading enzyme; it is believed to be a lysosomal enzyme but is also found in the 
membrane  [3] . Hyal-2 cleaves HA to 50 disaccharides (20 kDa); Hyal-1 rapidly cleaves HA 
into small fragments (0.8 kDa)  [4] .

  HA is used as filler and shows an excellent safety profile, compared to other temporary 
agents. There is no antigenic specificity for species or tissues; thus, these agents have a low 
potential for allergic or immunogenic reaction  [5] . Negatively charged, it binds to large 
amounts of water and forms a viscoelastic gel. Natural HA has a half-life in tissue of only 1–2 
days, which is insufficient for use as effective dermal filler. The process of cross-linking results 
in larger, more stable HA molecules that have biocompatibility and viscoelastic properties 
similar to those of the naturally occurring substance. Cross-linking causes the ordinarily 
hygroscopic gel to become less water-soluble, thereby increasing product stability in tissue.

  The most common side effects reported are local nonallergic reactions at the sites of 
injections, including pain, bruising and transient edema, but they disappear in a few days and 
usually do not need any treatment. Misplacement (superficial) or an uneven distribution of 
HA fillers can lead to visible, pale nodules in the skin.

  Hyaluronidase is used to adjust misplacement of HA fillers and has also been suggested 
for the treatment of the rare adverse reactions to HA fillers, as by hypothesis some of the HA 
might still be present in the skin which might be targeted by hyaluronidase  [6] .

  Many case reports have shown the efficacy of hyaluronidase in reducing unwanted depots 
of HA, with very few adverse reactions (erythema, pruritus)  [7–10] . A small prospective 
randomized study demonstrated the efficacy of hyaluronidase in reducing small amounts of 
injected HA (hyaluronidase vs. saline solution)  [11] . There is less evidence that hyaluronidase 
is also helpful in adverse reactions to HA-based fillers, but some case reports have shown an 
improvement after hyaluronidase injection  [12, 13] .

  The lesions of localized myxedema occur most commonly in the pretibial area and con -
tain large amounts of HA. In this study, we explored the effect of hyaluronidase on HA fillers 
in vitro and in vivo, and on endogenous HA of nodular pretibial myxedema lesions in vivo.

  Materials and Methods 

 This study was conducted in three steps. In the first step, HA fillers (Restylane ®  and 
Perlane ® ) were incubated with different concentrations of hyaluronidase (Lido-Hyal B ® ) 
(HA:Hyal ratio = 1:   1, 1:   2, 1:   3) for 1, 3 or 5 h and then visualized on SDS gel (lidocaine + bovine 
testicle hyaluronidase). 

  In the second step, four groups of SKH1 hairless mice were constituted. HA fillers (100
μl = 2 mg) were injected i.d./s.c. in the back skin of three groups of mice, and 4 h later hyal-
uronidase (100 μl = 17.5 U plus 2 mg lidocaine) was injected in the papules of exogenous HA 
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in one group, lidocaine only (100 μl = 2 mg) in a second group, and nothing in a third group. 
The fourth group of mice was injected only hyaluronidase (plus lidocaine) without HA. The 
volume of the papules were then evaluated using a skin ultrasound system, and histological 
sections of the dorsal skin of mice injected were performed, stained with hematoxylin-eosin, 
colloidal iron, and immunostained by using biotin-labeled hyaluronate-binding protein 
(HABP; Seikagaku Kogyo, Japan), specific for HA.

  In the third step, histological sections of the dorsal region of the left foot of a 51-year-old 
African male patient who suffered from Graves’ disease and presented with post-traumatic 
indurated plaque and several nodules on the left pretibial area and dorsal region of the left 
foot consistent with pretibial myxedema, were performed, stained with hematoxylin-eosin 
and colloidal iron, and immunostained by using biotin-labeled HABP. Hyaluronidase (500 
μl = 87.5 U) was injected in a nodule (1.5 × 2 cm) of the left pretibial region. The evolution 
of the nodule was followed clinically at days 0, 10, 17, 30 and 90. Three volume measure-
ments of the injected nodule were performed at days 0, 10 and 17, using a skin ultrasound 
system.

  Results 

 Hyaluronidase showed a clear degrading effect on exogenous high-molecular-weight HA 
in vitro.  Figure 1  shows this effect on HA fillers incubated with different concentrations of 
hyaluronidase, and for different durations. HA and its fragments were completely degraded 
after 5 h of incubation at any concentration, after 3 h at a HA:Hyal ratio of 1:   2 and 1:   3 and 
almost completely degraded at a ratio of 1:   1. After 1 h of incubation, we saw a progressive 
dose effect.

  The degrading effect of hyaluronidase on exogenous HA (HA fillers) is also observed in 
vivo in mice (described in  fig. 2 A). In three groups of mice, HA fillers were injected into the 
back skin. Four hours later, in two of these three groups, lidocaine only (HA + Lido) or hyal-
uronidase + lidocaine (HA + Hyal/Lido) was injected in the well-formed papules. In the third 

1 h 3 h 5 h
1:1 1:2 1:3 1:1 1:2 1:3 1:1 1:2 1:3

  Fig. 1.  Effect of hyaluronidase on 
exogenous HA in vitro. HA fillers 
were incubated with different 
concentrations of hyaluronidase 
(HA:Hyal ratio = 1:   1, 1:   2, 1:   3) for 
1, 3 or 5 h and then visualized on 
SDS gel with alcian blue and sil-
ver.  
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group (HA), nothing was injected. Finally, in the fourth group (Hyal/Lido), no HA filler was 
injected. The volume of the papules was calculated using a skin ultrasound system, after 1 and 
3 days. 

  In the HA group, the volume of exogenous HA was not changed after 1 day but decreased 
spontaneously by 40% after 3 days. In the HA + Lido group, the volume was also not changed 
after 1 day but showed a smaller reduction after 3 days, about 15%. In the HA + Hyal/Lido 
group, the papule of exogenous HA completely disappeared. 

  Histological sections ( fig. 2 B) were performed in all groups, stained with hematoxylin-
eosin and colloidal iron, and immunostained by HABP. They showed a spontaneous decrease 
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  Fig. 2.   A  Effect of hyaluronidase on exogenous HA in vivo. HA fillers (100 μl = 2 mg) were injected i.d./s.c. in 
the back skin of SKH1 hairless mice. Four hours later, hyaluronidase (100 μl = 17.5 U) was injected in the 
papules of exogenous HA. The volume of the papules was calculated using a skin ultrasound system.  B  His-
tological sections of the dorsal skin of SKH1 hairless mice injected with exogenous HA ( a ,  e ,  i ), hyaluronidase/
lidocaine ( b ,  f ,  j ), exogenous HA + lidocaine ( c ,  g ,  k ) and exogenous HA + hyaluronidase/lidocaine ( d ,  h ,  l ) 
stained with hematoxylin-eosin ( a–d ), colloidal iron ( e–h ) and HABP ( i–l ). Note the significant decrease of 
exogenous HA with hyaluronidase/lidocaine treatment ( h ,  l ). 
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of exogenous HA in the HA + Lido group and a substantial reduction of exogenous HA in the 
HA + Hyal/Lido group.

  In pretibial myxedema, large amounts of HA are accumulated in the dermis.  Figure 3 A 
shows histological sections of a lesion of the dorsal region of the left foot in our patient 
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  Fig. 3.   A  Histological sections of the dorsal region of the left foot stained with hematoxylin-eosin ( a ), colloi-
dal iron ( b ) and HABP ( c ). Note the presence of important amounts of HA in the dermis ( b ,  c ).  B  Effect of in-
jected hyaluronidase on the mucinous nodules of pretibial myxedema. Hyaluronidase (500 μl = 87.5 U) was 
injected in a nodule (1.5 × 2 cm) of the left pretibial region. The evolution of the nodule on day 0 ( a ), day 10 
( b ), day 17 ( c ) and day 30 ( d ). The nodule clinically disappeared within 3 days (data not shown).  C  The evo-
lution of the nodule on day 0 ( b ), day 10 ( c ) and day 17 ( d ), observed by a skin ultrasound system and com-
pared to nonlesional skin ( a ).  D  The evolution of the volume of the nodule was calculated using a skin ultra-
sound system, on days 0, 10 and 17. 
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suffering from Graves’ disease, confirming the presence of HA by special stains. We injected 
hyaluronidase in a pretibial nodule in the same patient and have followed the evolution of the 
nodule clinically ( fig. 3 B) and ultrasonographically ( fig. 3 C). Clinically, the nodule disap-
peared within 3 days and did not show any recurrence after 10, 17 and 30 days. Three volume 
measurements of the pretibial treated nodule were performed at days 0, 10 and 17.  Figure 
3 D shows the evolution of the volume of the nodule. Between day 0 and day 10, the volume 
of the nodule was reduced by almost 50% (from 110 to 60 μl). Between day 10 and day 17, 
the volume of the nodule remained unchanged.

  Conclusion 

 It is known that hyaluronidase has a rapid degrading effect on exogenous HA  [14] . Our 
results show that HA fillers incubated with hyaluronidase can be almost entirely degraded 
in 1 h with a high concentration of hyaluronidase (HA:Hyal, 1:   3) and in 3 h at lower concen-
trations (1:   2 and 1:   1). 

  Hyaluronidase has been used for years for the treatment of side effects and misplacement 
of HA fillers in patients. The evidence for this treatment is based on numerous case reports, 
using clinical assessment and evolution as a measure of the reduction of side effects and of 
the amount of exogenous HA. Our study has enabled us to visualize and accurately measure 
the effect of hyaluronidase on HA fillers in vivo in mice using a skin ultrasound system,
as well as through histological sections with different stains showing the amount of HA.
We were able to show that 3 days after injection of hyaluronidase in a papule of exoge-
nous HA, the entire volume of HA (ultrasonographically measured) disappeared, versus 
40% of spontaneous volume reduction when no product was injected in the papule of exoge-
nous HA. 

  In 1949, Grais  [15]  described the use of hyaluronidase for the treatment of pretibial 
myxedema. The right leg was treated by incision and drainage and the left leg with injections 
of hyaluronidase. He observed a clear reduction of the lesions on both sides, but without scar 
on the left side (hyaluronidase)  [15] . In 1977, Paver  [16]  published a case series with 4 pa-
tients with pretibial myxedema. He treated the upper half of the leg with corticosteroid in 
occlusion and the lower half with injection of hyaluronidase and corticosteroid. One week 
later, the area treated with injection was cleared, but not the rest of the leg  [16] .

  Therapy with hyaluronidase injections for pretibial myxedema is not currently used 
 [17]  and has not been the subject of a randomized study. Our study shows that intralesional 
injection of hyaluronidase results in progressive dissolution of the mucinous nodules of 
pretibial myxedema in a patient suffering from Graves’ disease, clinically and ultrasono-
graphically, with no recurrence during a follow-up of 3 months.

  These results show that the injection of hyaluronidase may be a therapeutic option for 
skin disease characterized by abnormal accumulation of HA.
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