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Topical heparin as an effective and  
safe treatment for patients with 
capecitabine-induced hand-foot syndrome: 
results of a phase IIA trial supported by 
proteomic profiling of skin biopsies
Analia Rodríguez-Garzotto, Lara Iglesias-Docampo, C. Vanesa Díaz-García, Isabel Ruppen, 
Pilar Ximénez-Embún, Carlos Gómez, J. Luis Rodríguez-Peralto, Javier Ortiz de Frutos, 
Jose A. Lopez-Martin, Cristina Grávalos, Hernán Cortés-Funes and  
M. Teresa Agulló-Ortuño

Abstract
Background: Hand-foot syndrome (HFS) is a common adverse reaction associated with 
capecitabine chemotherapy that significantly affects the quality of life of patients. This study 
evaluates the safety and effectiveness of a topical heparin (TH) treatment on the clinical 
manifestations and anatomopathological alterations of capecitabine-induced HFS. In addition, 
we performed proteome profiling of skin biopsies obtained from patients with HFS at baseline 
and after heparin treatment.
Methods: Patients with grade ⩽ 2 HFS associated with capecitabine were included in this 
study. The primary end point was the effectiveness of TH in reducing HFS of any grade. Clinical 
improvement was evaluated by clinicians, and an improvement was perceived by patients 
who performed a weekly visual analog scale questionnaire. Secondary end points included 
a comparative histological analysis and protein expression in skin biopsies at baseline and 
after 3 weeks of HT treatment. Proteomic profiling was carried out using quantitative isobaric 
labelling and subsequently validated by a T-array.
Results: Twenty-one patients were included in the study. The median TH treatment time 
was 7.6 weeks (range = 3.6–41.6 weeks), and the median response time was 3.01 weeks (95% 
CI = 2.15–3.97). At the end of treatment, 19 of 21 patients (90.48%) responded to treatment 
with a decrease in one or more grades of HFS. None of the patients experienced adverse 
effects related to TH usage, nor did they suspend chemotherapy treatment. The main findings 
observed in skin biopsies after treatment were a decrease in hyperkeratosis and lymphocytic 
infiltrates. The proteomic analysis showed altered expression of 34 proteins that were mainly 
related to wound healing, cell growth, and the immune response.
Conclusion: Based on our results, topical heparin is an effective and safe treatment for 
clinical manifestations of HFS, probably due to the restauration of skin homeostasis after 
heparin treatment, as supported by our proteomics-derived data.
Trial registration: EudraCT 2009-018171-13
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Introduction
The epidermis of the hands and feet is a special-
ized area of the skin that undergoes high levels of 
homeostatic mechanical and biochemical stress, 
showing a wide variety of adaptations.1 Hand-
foot syndrome (HFS) or palmar-plantar erythro-
dysesthesia is a side effect associated with different 
systemic chemotherapies, most frequently sec-
ondary to oral fluoropyrimidines such as capecit-
abine (Xeloda®).2 HFS causes redness, swelling, 
and pain on the palms of the hands and/or the 
soles of the feet. Occasionally, thick calluses, blis-
ters, or ulcers also appear, which makes it difficult 
to walk or use hands. Furthermore, infectious 
complications may lead to an increased severity.3 
However, not everyone develops HFS, and the 
severity of symptoms may be different among 
patients. Usually, this condition is not life-threat-
ening and rarely requires hospitalization, but it 
may cause significant discomfort and may affect 
the daily activities and quality of life of patients.4 
The incidence of HFS in capecitabine-treated 
patients is estimated to range from 36% to 
70%.2,5,6 The mainstay of treatment for the man-
agement of this toxicity is chemotherapy discon-
tinuation or dose modification until symptomatic 
improvement.7,8 Supportive measures to reduce 
pain and discomfort, or even to prevent the onset 
of HFS, including analgesics, pyridoxine, oral or 
topical corticosteroids, and applications of mois-
turizing creams are being investigated.8–11 
However, these treatments are potentially insuf-
ficient in severe cases that may result in tempo-
rary or permanent cessation of chemotherapy.

The physiopathology of HFS is not well estab-
lished. The clinical and histological changes 
observed are consistent with damage to the physi-
ological barrier of the skin.12–14 Nonspecific 
inflammatory changes, lymphocytic infiltration, 
dilation of blood vessels and oedema, vacuolar 
degeneration of basal keratinocytes, marked 
hyperkeratosis with parakeratosis and apoptotic 
keratinocytes are the pathological findings 
described in other studies.7,12,15,16 The selective 
engagement of the dermis of palms and soles 
together with epithelial cell damage suggests a 
direct toxic effect on keratinocytes of the basal 
layer, although different hypotheses have been 
proposed.17 One of them relates HFS to increased 
levels of the enzyme thymidine phosphorylase 
(TP) in specialized skin cells, such as keratino-
cytes, which determines the accumulation of 
active metabolites of capecitabine in the epider-
mis, leading to an increased chance of developing 

this side effect.18 Other hypotheses concerning 
the pathogenesis of HFS suggest that it involves 
an inflammatory phenomenon mediated by the 
overexpression of cyclooxygenase 2 (COX-2).19 
Some authors postulate that capecitabine may be 
secreted by the eccrine system (sweat secretion), 
which would explain the occurrence of HFS 
mainly on the palms and soles because the largest 
number of eccrine glands are present at these 
locations.20 Some authors suggest that HFS 
develops due to the increased vascularity and 
increased pressure and temperature of the hands 
and feet.21 HFS has been linked to immune reac-
tions, as several clinical and histological similari-
ties have been observed between HFS and acute 
graft versus host disease. Thus, chemotherapeutic 
drugs might determine changes in cell surface 
receptors inducing the host reaction.20,22

Heparan sulphate (HS) is a strongly anionic lin-
ear polysaccharide with a high capacity to bind a 
diverse repertoire of proteins under physiological 
conditions.23 HS binds to cell surface and matrix 
proteins, along with cytokines and chemokines, 
and these interactions modulate inflammatory 
cell maturation and activation, the diffusion and 
adhesion of leukocytes at the endothelium, and 
extravasation and chemotaxis.24 Heparin is a gly-
cosaminoglycan with anticoagulant activity that 
also inhibits the proliferation of various cell types 
in vitro. In vivo treatment inhibits the prolifera-
tion of vascular smooth muscle cells, fibroblasts, 
melanocytes and keratinocytes, and stimulates 
collagen synthesis. Heparin mimics the physio-
logical effects of HS, but its actions depend on 
the dose, and it can act in the plasma membranes 
of cells in both the dermis and epidermis.25,26

The proliferation of keratinocytes is regulated by 
different mechanisms, and heparin has been 
shown to modulate the binding of Keratinocyte 
Growth Factor (KGF) to its receptor, affecting 
cellular proliferation induced by the KGF mito-
genic signal.27,28 Based on these findings, heparin 
might be a selective treatment aimed at the inhi-
bition of hyperkeratosis.

The main objective of this study was to evaluate 
the safety and effectiveness of a 3-week topical 
heparin treatment on the clinical manifestations of 
capecitabine-induced HFS. In addition, we pro-
filed the underlying molecular changes in patients 
with HFS during heparin treatment by collecting 
skin biopsies. Differentially expressed proteins 
were further confirmed based on histopathology.
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Patients and methods

Study design and participants
This study was a proof-of-concept open-label 
phase 2a clinical trial that evaluated the safety and 
efficacy of topical heparin (TH) administration to 
treat HFS in patients receiving capecitabine treat-
ment, either in combination chemotherapy or 
monotherapy. Between September 2010 and 
March 2013, 21 patients who were treated in the 
Medical Oncology Department of the Hospital 
‘12 de Octubre’ Hospital (Madrid, Spain), with 
HFS grade ⩽ 2, aged 18 years or older, had ade-
quate bone marrow, liver, pancreatic and renal 
function, and presenting a performance status 
(PS) ⩽ 2 according to the ECOG scale, were eligi-
ble for the study. The first patient was included in 
the study on September 24, 2010. All participat-
ing patients provided written informed consent. 
We excluded patients with evidence of disease 
progression, neurological deficits or dermatologi-
cal diseases; participants in other clinical trials; 
patients treated with a drug other than capecit-
abine; or patients with heparin hypersensitivity.

Treatment consisted of the administration of TH 
(Menaven Gel®, Menarini, Spain) that was 
administered 4 times daily for 21 days. The 
patients agreed to use only this treatment to palli-
ate the HFS symptoms. The clinical efficacy of 
TH was assessed, and visual analog scale (VAS) 
questionnaires were completed weekly by all 
patients. If the clinical benefit of HFS was 
achieved, HT treatment was continued as long as 
capecitabine was continued as the cancer treat-
ment until the patient’s consent was withdrawn 
or based on the investigator’s decision. Successive 
controls were performed every 3 weeks.

The study was conducted according to the 
Declaration of Helsinki, International Conference 
on Harmonization Guidelines for Good Clinical 
Practice, and in accordance with applicable local 
laws and regulations. The study protocol and 
informed consent forms were approved by the 
Institutional Review Board of ‘12 de Octubre’ 
Hospital (ID number 10/012) and were registered 
with the clinical trial registration number EudraCT 
2009-018171-13 on February 24, 2010.

Assessment of the treatment response
The effectiveness of HT treatment was inter-
preted as a clinical improvement at 3 weeks, an 
improvement perceived by the patient completing 

the VAS questionnaire, or less use of pain medi-
cations and other symptomatic treatments for 
HFS. Safety was assessed by identifying adverse 
events associated with HT treatment, and they 
were recorded and categorized according to the 
NCI-CTCAE v4.0 scale. Changes in the HFS 
grade were evaluated by a research group team, 
using photographs captured at baseline and at 3 
weeks of treatment. The team consisted of two 
oncologists and one dermatologist, who were 
unaware of the identification, the chemotherapy 
treatment and the administration/composition of 
HT received by the patients. In order to maintain 
objectivity, the photos were encrypted, and they 
made decisions by consensus.

Histological analysis of skin biopsies
Punch biopsies were obtained in the affected area 
of the thenar eminence of the hands in 20 patients 
who provided consent by dermatologist. Skin 
biopsies were collected at baseline and at 3 weeks 
of TH treatment. Half of each sample was embed-
ded in paraffin, and the other half was frozen in 
OCT (optimum cutting temperature) compound 
for proteomic studies. Formalin-Fixed Paraffin-
Embedded (FFPE) samples were stained with 
haematoxylin-eosin and microscopically exam-
ined by a specialized pathologist who performed a 
comparative qualitative analysis between the 
paired samples of each patient.

Quantitative proteomic profiling of skin biopsies
Protein extracts were obtained from OCT sam-
ples by homogenization in the presence of cera-
mide microspheres, protease inhibitors, benzonase 
and RIPA buffer using a Precellys device. Lysates 
were diluted in TEAB and digested with Lys-C/
trypsin enzymes using the standard FASP proto-
col.29 The resulting peptides were labelled with 
iTRAQ® reagent 4plex and pooled. The complex 
mixture was prefractionated offline with isoelec-
trofocusing separation (IEF) using an OFF-GEL 
system. Each of the 24 obtained fractions was 
separated using on-line C18 reverse-phase 
nanoliquid chromatography column coupled to 
an LTQ Orbitrap Velos mass spectrometer 
(Thermo Scientific, Germany) equipped with a 
nanoESI (nanoelectrospray ionization) source. 
Raw files were searched against the UniProtKB/
Swiss-Prot human database (release date: January 
11, 2011; 20,252 entries) using Proteome 
Discoverer 1.3.0.339 software (Thermo Fisher) 
and MASCOT (v 2.2) as the search engine. 
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Peptides were filtered at 1% of False Discovery 
Rate (FDR) using a decoy database. Although 
relative quantification and some statistical data 
were performed using Proteome Discoverer soft-
ware, an additional fold change cut-off for all 
iTRAQ ratios (ratio < 0.77 or > 1.3) was selected 
to classify proteins as up- or downregulated, 
respectively. Proteins with iTRAQ ratios below 
the low range (0.77) were considered underex-
pressed, while those above the high range (1.3) 
were considered overexpressed. The functional 
enrichment analysis of the identified proteins was 
performed with Ingenuity Pathway Analysis (IPA) 
software v.8 (Ingenuity Systems, CA, USA).

Tissue microarrays and immunohistochemistry
Tissue microarrays (TMAs) were constructed 
with 5-µm sections of tissue punches from 20 
FFPE paired samples (at baseline and at 3 weeks 
of TH treatment) from patients included in the 
study. Each sample was examined for pathologi-
cal validation by two independent investigators 
who were blinded to the patient’s status before 
and after the TMA was constructed. Samples 
were stained using an automated tissue immu-
nostainer (Dako, Canada). Slides were probed to 
validate the expression of the proteins of interest 
identified in the proteomic profiling assay with 
selective antibodies (Supplementary Table S1) 
and were visualized under a light microscope.

Statistical analyses
The sample size for this study was calculated using 
the Simon method in two stages for phase 2 studies 
based on the main objective, which was the assess-
ment of the rate of clinical responses obtained with 
the TH treatment of patients with HFS. Treatment 
effectiveness was accepted if we achieved a response 
rate of at least 50% of the participants and rejected 
if it was less than 20%. Considering an alpha error 
of 0.05 and a power of 80%, 12 patients were 
required in the first stage. Because more than three 
significant responses were observed at this stage, we 
continued the inclusion of up to 21 patients.

Results

Patient characteristics and clinical association
The clinicopathological characteristics of the 21 
patients included in this study are shown in Table 1. 
All patients had an ECOG performance status of 
1 and HFS grade ⩽ 2 at the beginning of 

treatment. No significant differences were found 
in HFS symptoms between groups stratified by 
sex, age, tumour type or number of previous 
treatment lines. Only one patient concomitantly 
received another drug (epirubicin) related to the 
triggering of HFS, who entered the study with 
grade 1 HFS. Total dose of capecitabine admin-
istered to patients up to the time prior to inclu-
sion in the study is indicated in Supplementary 
Table S2. The grade of HFS developed by these 
patients is also shown.

Outcomes of topical heparin treatment
The symptoms of patients with HFS at the begin-
ning of the study are presented in Table 2. Most 
of the patients had two or more symptoms associ-
ated with the pathology of HFS. The median TH 
treatment time of patients included in the study 
was 7.6 weeks (range = 3.6–41.6 weeks). In the 
assessment of pain perceived by patients using the 
VAS questionnaire, we observed a mean pain 
intensity at baseline of 5.5 ± 1.8 points (scale: 
0–10) that decreased to 1.3 ± 1.6 at 3 weeks of 
treatment (Student’s t test, p < 0.001) 
(Supplementary Table S3). At week 3, 76.2% (16 
of 21) of patients responded to treatment with a 
decrease in one or more grades of HFS. At the 
end of treatment, we observed an improvement in 
90.48% (19 of 21) of patients. The median time 
to a treatment response was 3.01 weeks (95% 
CI = 2.15–3.87 weeks). None of the patients 
experienced adverse events related to TH usage.

Pathological findings found in skin biopsies are 
described in Table 3. The presence of hyperkera-
tosis, lymphocytic infiltrates, loss of Langerhans 
cells and vascular dilatation were notable find-
ings. The main improvement observed in the sec-
ond sample was a decrease in hyperkeratosis and 
lymphocytic infiltrates.

Protein regulation in HFS
In this study, an isobaric tag for relative and abso-
lute quantitation (iTRAQ)-based quantitative 
proteomics technique was used to describe the 
effect of TH treatment on patients with HFS. We 
compared the proteomic profiles of skin biopsies 
collected from patients after 3 weeks of TH treat-
ment with that at baseline. A total of 1876 pro-
teins were identified. The comparative analyses 
revealed 23 upregulated and 11 downregulated 
proteins, according to the established cut-off val-
ues (Table 4).
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The functional enrichment analysis of the altered 
proteins was performed using IPA. The most 
important associated network functions belonged 
to cell-to-cell signalling (score 41); cellular assem-
bly and organization (score 31); cell death, cellu-
lar growth and proliferation (score 24); and 
inflammatory response and cellular compromise 
(score 21). The biological processes in which 
these proteins are involved are shown in Figure 1(a). 
Subsequently, we generated a protein–protein 
interaction network between heparin and regu-
lated proteins identified in our study (Figure 1(b)). 
This network shows two new interactions of hep-
arin with the SPARC and THY1 proteins. Other 
significant networks in which heparin is involved 
in different biological pathways are shown in 
Supplementary Figure S1.

The functional annotation also highlighted the 
predicted inhibition of the transcriptional regula-
tor MYC (p-value = 1.14E–06) due to its poten-
tial interaction with 12 of the proteins identified 
in our network (Supplementary Figure S1.E).

Validation of the proteomic analysis
Proteins with altered expression profiles were 
monitored using a TMA with commercially avail-
able antibodies in pre- and posttreatment biopsy 
samples to validate the quantitative proteomic 
results. Supplementary Figure S2 shows the most 
relevant results.

Discussion
HFS is a common adverse skin reaction associ-
ated with a wide range of chemotherapeutic 
agents that appears on the hands and feet, caus-
ing discomfort and worsening the quality of life of 
patients. Despite the many studies conducted to 
date, effective therapies are unavailable for the 
prevention or treatment of HFS.4,10,11,30,31 
Unfortunately, the mainstay of the management 
of HFS is a dose reduction, lengthening the inter-
val between drug administrations, or even treat-
ment discontinuation, with the subsequent 
drawbacks for patients.8 In this study, we exam-
ined the efficacy and safety of the topical applica-
tion of heparin as an easy and accessible treatment 
capable of improving the symptoms of HFS with-
out interrupting chemotherapeutic treatment.

Our results showed that most patients responded 
favourably to treatment, with effects observed as 
early as 3 weeks. We were able to observe 

Table 1. Clinicopathological characteristics of patients treated with TH 
included in the study.

Characteristics (N = 21)

Sex (N, %)

 Male 9 (42.86)

 Female 12 (57.14)

Age (years)

 Mean ± SD 62.2 ± 10.08

 Range 44–78

Performance status (N, %)

 ECOG 1 21 (100)

HFS grade* (N, %)

 1 4 (19.05)

 2 17 (80.95)

Tumour type (N, %)

 Breast 10 (47.62)

 Colorectal 8 (38.10)

 Gastric 1 (4.76)

 Head and Neck 1 (4.76)

 Pancreas 1 (4.76)

Chemotherapy + Capecitabine (N, %)

 Capecitabine monotherapy 7 (33.33)

 Bevacizumab 3 (14.29)

 Bevacizumab + Cyclophosphamide 2 (9.52)

 Gemcitabine 2 (9.52)

 Erlotinib 1 (4.77)

 Trastuzumab 1 (4.77)

 Oxaliplatin 4 (19.05)

 Oxaliplatin + Epirubicin 1 (4.77)

Treatment lines received (N, %)

 1 6 (28.57)

 2 3 (14.29)

 ⩾3 12 (57.14)

HFS, Hand-foot syndrome; SD, standard deviation; TH: topical heparin.
*According to NCI-CTCAE criteria (vs 4.0).
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significant skin regeneration, with a reduction in 
hyperkeratosis and lymphocytic infiltrates in the 
biopsies analysed. Although pain was not the 
most frequent symptom reported among the 
patients included in the study, it was the one that 
most distressed and reduced the quality of life of 
the patients.32 According to the VAS question-
naire, pain progressively decreased during treat-
ment, decreasing from an initial mean score of 
5.5 to a mean score of 1.3 at 3 weeks and 0.6 at 
the end of TH treatment.

Nevertheless, the pathophysiological mechanism 
of HFS remains unclear. In this regard, we have 
exploited the benefits of label-based approaches 
such as iTRAQ that enable an accurate and mul-
tiplexed quantitative analysis as a tool for the 
identification of tissue repair-associated biomark-
ers, which may also improve our understanding of 

the pathophysiological processes leading to the 
development of HFS. Thus, we identified 34 dif-
ferentially expressed proteins involved in HFS by 
performing proteomic profiling and validated 
some of them using immunohistochemistry.

Focusing on the molecular implications of these 
findings, we realize that NNMT catalyses the 
N-methylation of nicotinamide and other pyri-
dines, which is an important activity for the 
metabolization of capecitabine to 5-FU. NNMT 
has been shown to be an antithrombotic agent 
limiting platelet-dependent thrombosis through a 
prostacyclin-related (PGI2) mechanism mediated 
by COX-2 33 and exerts concomitant anti-inflam-
matory effects.34 Thus, the overexpression of 
NNMT in our samples is consistent with studies 
that support the inhibition of COX2 in the treat-
ment of HFS.19

SPARC, a matricellular glycoprotein that regu-
lates cell growth through interactions with the 
extracellular matrix and cytokines, has been 
shown to be expressed at high levels in tissues 
undergoing morphogenesis, remodelling and 
wound repair,35 inducing the formation of colla-
gens.36 In our study, we observed an increase in 
the expression of collagens in parallel with the 
expression of SPARC, which was previously 
described as a wound repair mechanism. 
However, heparan sulphate/heparin may act as a 
guiding scaffold in areas of collagen fibrillogene-
sis, playing a pivotal role in collagen maturation.37 
Moreover, we detected overexpressed Serpin H1 
(HSP47), which binds specifically to collagen and 
participates in its biosynthesis.38

Thy1 (CD90) is a receptor of T cells and is also 
constitutively expressed on the surface of fibro-
blasts. Thy1 plays a crucial role in controlling 
cell growth by suppressing proliferation, pro-
moting apoptosis and participating in dermal 
fibroblast differentiation.39 PERIOSTIN stimu-
lates wound healing, facilitating the infiltration 
of mesenchymal cells and the differentiation of 
myofibroblasts.40

Some of the proteins that were overexpressed in 
our study are related to inflammatory processes 
and the immune response, such as Thy 1, 
DERMCIMIN and S100.41,42 The S100 protein 
has been shown to be altered in other skin dis-
eases, such as psoriasis or cancer,43,44 and is 
involved in epidermal differentiation.45–47

Table 2. Symptoms of HFS at the beginning of the 
study.

Hands (N, %) Foot (N, %)

Pain 14 (66.67) 18 (85.71)

Erythema 21 (100.0) 21 (100.0)

Edema 21 (100.0) 19 (90.5)

Hyperkeratosis 12 (57.14) 19 (90.48)

Blisters 0 2 (9.52)

Desquamation 6 (28.57) 18 (85.71)

HFS, Hand-foot syndrome.

Table 3. Optical microscopy results of skin biopsies collected at baseline 
and after 3 weeks of HT treatment. At baseline, 20 samples were analysed, 
and 19 samples were analysed after 3 weeks of treatment.

Baseline (N, %) Week 3 (N, %)

Vacuolar degeneration – 1 (5.26)

Hyperkeratosis 19 (95.0) 17 (89.47)

Lymphocytic infiltrate 18 (90.0) 6 (31.58)

Langerhans cell loss 14 (70.0) 15 (78.95)

Vascular dilatation 18 (90.0) 19 (100.0)

Basal layer effacement – 1 (5.26)
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Table 4. Differential protein expression in skin biopsies collected after three weeks of TH treatment compared 
to protein expression in biopsies collected at baseline. Proteins with possible clinical relevance in HFS.

Accession number Gene name Protein name Fold change

P07919 UQCRH Cytochrome b-c1 complex subunit 6 1.78

Q15063 POSTN Periostin 1.67

P06702 S100A9 Protein S100-A9 1.66

P08123 COL1A2 Collagen alpha-2(I) chain 1.66

P29034 S100A2 Protein S100-A2 1.61

P02452 COL1A1 Collagen alpha-1(I) chain 1.58

P05109 S100A8 Protein S100-A8 1.57

P00441 SOD1 Superoxide dismutase [Cu-Zn] 1.54

P02461 COL3A1 Collagen alpha-1(III) chain 1.53

P81605 DCD Dermcidin 1.53

P50454 SERPINH1 Serpin H1 1.49

P09486 SPARC SPARC 1.44

P40261 NNMT Nicotinamide N-methyltransferase 1.43

P04216 THY1 Thy-1 membrane glycoprotein 1.43

Q05707 COL14A1 Collagen alpha-1(XIV) chain 1.39

Q4ZHG4 FNDC1 Fibronectin type III domain-containing protein 1 1.36

Q13509 TUBB3 Tubulin beta-3 chain 1.36

P14555 PLA2G2A Phospholipase A2, membrane associated 1.36

P02763 ORM1 Alpha-1-acid glycoprotein 1 1.35

Q12884 FAP Seprase 1.32

P19652 ORM2 Alpha-1-acid glycoprotein 2 1.31

P16949 STMN1 Stathmin 1.30

Q05682 CALD1 Caldesmon 1.30

P05120 SERPINB2 Plasminogen activator inhibitor 2 (Serpin B2) 0.77

P20930 FLG Filaggrin (FLG) 0.76

P22105 TNXB Tenascin-X 0.76

Q96P63 SERPINB12 Serpin B12 0.75

P35908 KRT2 Keratin, type II cytoskeletal 2 epidermal 0.73

P29508 SERPINB3 Serpin B3 (SCCA1) 0.72

Q9NZH8 IL36G Interleukin-36 gamma 0.72

P13645 KRT10 Keratin, type I cytoskeletal 10 0.70

P04264 KRT1 Keratin, type II cytoskeletal 1 0.62

P21926 CD9 CD9 antigen (tetraspanin) 0.58

P60985 KRTDAP Keratinocyte differentiation-associated protein (KDAP) 0.56
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STMN1 is a protein that plays a critical role in 
the regulation of microtubules in the cytoskele-
ton, and its overexpression is associated with the 
proliferation, migration, invasion and apoptosis 
of different cell types.48 CALDESMON is a myo-
sin-binding protein that plays an essential role in 
cell mitosis. Overexpression of CALDESMON, 
associated with Actin and HSP70, has been previ-
ously described in the setting of tissue injury.49

Regarding the proteins that were identified as 
underexpressed in our study, serpins (B2 and B3) 
modulate keratinocyte differentiation and cell 
apoptosis.50 Our data are consistent with the 
study by Higgins et al.51 describing heparin as a 
cofactor of the inhibitory functions of serpins, 
and would justify the decrease in hyperkeratosis 
observed in our patients. Similar to the regulation 
of keratinocyte differentiation, keratinocyte dif-
ferentiation-associated protein (KDAP) expres-
sion was downregulated. This protein is secreted 
from granular keratinocytes into the extracellular 
space, where it functions as a soluble regulator of 
the cornification or desquamation of keratino-
cytes.52 This result would explain its underex-
pression in skin biopsies.

Consistent with the results of our study, Jiang 
et al.53 showed that tetraspanin (CD9) expression 
decreases during keratinocyte migration in wound 
repair processes.

However, type I and type II keratins form a stable 
network contributing to keratinocyte mechanical 
properties. However, the expression of keratins 1, 
2 and 10 appeared to be decreased in our study. 
Ramms et al.54 examined a model of keratin KO 
cells and showed that keratin loss affects neither 
actin nor microtubule networks nor their overall 
protein concentration, and the expression of a 
single keratin pair is sufficient for the reconstitu-
tion of the mechanical properties of keratinocytes. 
Thus, given the clinical improvement observed in 
our patients, other keratins likely assume a 
mechanical role in keratinocytes.

Although MYC has not been identified as a deregu-
lated protein, we showed its relationship with 12 
proteins in our study. This transcription factor plays 
important roles in normal cellular physiology, regu-
lating the proliferation, apoptosis and differentiation 
of mammalian cells.55 Therefore, its predicted inhi-
bition might be involved in the resolution of HFS.

Figure 1. (a) Ingenuity pathway analysis (IPA) of the biological functions of 34 differentially expressed proteins identified in skin 
biopsies of patients treated with TH. (b) Network depicting the association of heparin with regulated proteins identified in our study 
(KRT10 and SERPINB3 are downregulated proteins).
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The complicated balance observed in our study 
between proteins that promote proliferation and 
those that promote cell differentiation might be 
involved in the restoration of cutaneous homeo-
stasis after TH treatment in our patients. Thus, 
an interaction may occur under physiological 
conditions, where tissue damage could induce its 
repair. However, we must take these results with 
caution, since other factors, in addition to the 
administration of TH, may be contributing to the 
observed changes in protein expression, given 
that the inclusion of a control group was not con-
sidered in the experimental design.

In summary, our data showed that the topical use 
of heparin could be an effective treatment for 
HFS to restore skin homeostasis. This treatment 
reverses stimulus-induced hyperkeratosis and 
improves the locoregional inflammatory response; 
more importantly, none of the patients included 
in our study discontinued chemotherapy treat-
ment. Given the low cost and the lack of side 
effects, we propose that a topical heparin treat-
ment can be used effectively and safely.

The main limitation of our work is the small num-
ber of patients and samples included. The selec-
tion of patients with a low grade of HFS (⩽2) 
could also limit the wide applicability of our 
results in those with more severe symptoms. 
However, some chemotherapeutic agents can 
lead to side effects that share similarities with 
HFS, such as the hand foot skin reaction caused 
by multikinase inhibitors. Thus, a convenient 
approach would be to extend the study to deter-
mine the clinical benefit in patients with skin 
pathologies caused by other drugs, such as 
sorafenib, sunitinib, lenvatinib, and so on. The 
study of genetic, epigenetic and metabolomic var-
iations in each patient that are potentially related 
to the triggering of HFS might be another issue to 
consider. More studies with a larger number of 
patients are necessary to confirm the potential 
value of the putative biomarkers described here 
and their clinical utility. However, the manage-
ment of HFS during cancer treatment involves a 
combination of prevention, patient education and 
support measures. Mainly, the treatment of HFS 
depends on the severity of symptoms and effects 
on quality of life.
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