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Serum γ-Klotho and fibroblast growth factor-2 levels in 
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A b s t r a c t

Introduction: This study aimed to evaluate the serum levels of γ-Klotho and 
fibroblast growth factor 2 (FGF2) in patients with pressure ulcers.
Material and methods: Patients aged ≥ 18 years receiving care from Home 
Health Care Services were included. The case group consisted of individuals 
with stage 2–4 pressure ulcers, while the control group comprised patients 
without ulcers, matched for age and sex. Sociodemographic characteristics, 
medical device usage, and nutritional status were assessed for all partici-
pants. In the case group, additional data regarding ulcer site, stage, num-
ber, and dimensions were collected. Serum levels of γ-Klotho and FGF2 were 
measured using ELISA.
Results: A total of 80 participants were enrolled (40 (50.0%) in each group). 
The median FGF2 level was 220.8 [IQR 26.8] pg/ml in the case group and 
219.1 [29.1] pg/ml in the control group (p = 0.577). Similarly, the medi-
an γ-Klotho level was 1448.4 [158.6] pg/ml in the case group and 1421.3 
[232.8] pg/ml in the control group (p = 0.453). Additionally, a significant cor-
relation was observed between γ-Klotho and FGF2 levels in the case group 
(p = 0.048), whereas no such association was found in the control group  
(p = 0.164). Furthermore, FGF2 levels were positively associated with the 
number, width, and length of the wounds (p = 0.003, p = 0.007, and p = 
0.012, respectively), while a  negative correlation was observed between 
γ-Klotho levels and wound duration (p = 0.026).
Conclusions: Although serum levels did not differ between groups, the ex-
clusive correlation between γ-Klotho and FGF2 in the pressure ulcer group 
suggests a  potential association with chronic wound characteristics, war-
ranting further investigation.

Key words: wound healing, fibroblast growth factor, decubitus ulcer, health 
services, Klotho proteins.

Introduction

Pressure ulcers, also known as decubitus ulcers, are a type of wound 
that initially develops in the superficial layers of the skin as a result of 
prolonged external pressure, and subsequently extends both radially 
and into deeper tissue layers [1]. In pressure ulcers, continuous external 
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pressure on the skin leads to circulatory impair-
ment in the skin and underlying tissues, resulting 
in hypoxic tissue injury and necrosis [1]. Prolonged 
external pressure on the body surface increases 
capillary pressure, leading to reduced blood flow 
and tissue ischemia, which in turn causes pres-
sure ulcers, particularly in areas such as the sa-
crum, buttocks, heels, ankles, and elbows [1]. The 
pathogenesis of pressure ulcers involves multiple 
contributing factors, including immobility-induced 
tissue pressure, as well as physical factors such 
as friction at the skin surface and moisture [1]. 
Additional risk factors include malnutrition, inad-
equate fluid intake, motor and neurological dis-
orders, mental illness, cardiovascular conditions 
such as peripheral arterial occlusive disease and 
congestive heart failure, and sensory impairments 
[1]. More than 60% of patients with pressure ul-
cers are elderly [1]. Aging is associated with thin-
ning of the dermis and subcutaneous fat tissue, 
along with a  reduction in collagen content and 
hair follicle density, which collectively contribute 
to delayed wound healing [2–4]. 

Wound healing is a complex biological process 
involving regulated cellular events and the partic-
ipation of multiple cytokines and growth factors, 
including fibroblast growth factor (FGF), epidermal 
growth factor, transforming growth factor, plate-
let-derived growth factor, insulin-like growth fac-
tor-1 (IGF-1), interleukins (IL-1, IL-2, IL-6), and tumor 
necrosis factor-α (TNF-α) [2, 3]. In addition, a vari-
ety of cell types, such as keratinocytes, fibroblasts, 
endothelial cells, macrophages, and platelets, inter-
act in a coordinated and regulated manner to sup-
port the complex process of wound healing [4, 5]. 
FGFs, initially isolated from bovine pituitary glands, 
constitute a  family of 22 members classified into 
seven subfamilies [3, 6, 7]. Among these, the FGF1 
subfamily includes FGF1 and FGF2 [5, 6]. FGF2, also 
known as basic FGF (bFGF), not only exerts mito-
genic effects but also regulates cellular migration, 
differentiation, and vascular angiogenesis [4–10]. 
Consequently, FGF2 is considered critical for opti-
mal wound healing [4, 8, 9]. 

The Klotho protein, identified in 1997 and 
described as an anti-aging factor, comprises 
three isoforms: α-Klotho, β-Klotho, and γ-Klotho 
[6, 7, 11–14]. α-Klotho is the most abundant-
ly expressed isoform in human tissues, while 
γ-Klotho is expressed at relatively low levels 
[12, 15, 16]. Also known as human lactase-like 
protein (LCTL) or Klotho-LPH-associated protein 
(KLPH), γ-Klotho remains the only Klotho isoform 
confirmed to be present in the skin, although 
its precise mechanisms of action and tissue tar-
gets have not yet been fully elucidated [7, 11, 
12, 15, 17]. Decreased Klotho levels in the skin 
result in cutaneous atrophy, similar to aging-re-

lated changes [2]. Although it is hypothesized 
that Klotho proteins may influence tissue repair, 
studies investigating this relationship are limit-
ed in number [2, 3]. The mechanisms underlying 
delayed wound healing remain incompletely un-
derstood [2]. Klotho protein expression and cir-
culating levels decline with advancing age, and it 
is possible that this reduction may contribute to 
impaired wound healing [6, 17]. 

The aim of this study was to evaluate serum 
levels of γ-Klotho and FGF2 in patients with pres-
sure ulcers. 

Material and methods 

This study included patients aged 18 years and 
older who were followed by the Home Health Care 
Services (HHCS) of the Sultangazi Haseki Training 
and Research Hospital between December 1, 2024, 
and March 1, 2025. Patients with stage 2, 3, or 4 
pressure ulcers were included in the case group. 
Pressure ulcers are classified into four stages: stage 
2 involves partial-thickness loss of the epidermis 
and/or dermis; stage 3 includes full-thickness skin 
loss with damage extending into the subcutaneous 
tissue, potentially reaching the fascia; and stage 
4 involves extensive tissue loss including mus-
cles, bones, tendons, and joint capsules [1]. Open 
wounds are present in stage 2 and higher, result-
ing in the loss of the normal barrier function of the 
intact skin [1]. The control group consisted of pa-
tients matched 1 : 1 with the case group for age 
and sex, who did not have pressure ulcers. 

Sociodemographic and clinical data, including 
age, sex, comorbidities, smoking status, duration 
of HHCS utilization, Mini Nutritional Assessment 
(MNA) scores, use of nutritional supplementation 
products, and use of medical devices such as uri-
nary catheters, endotracheal tubes, nasogastric 
tubes, and percutaneous endoscopic gastrostomy 
(PEG), were obtained from medical records. In the 
case group, wound characteristics were further 
evaluated, including wound location, duration, 
stage, dimensions (length, width, and depth), total 
number of wounds, presence of exudate, odor, signs 
of infection, and periwound tissue appearance. 

Blood samples were collected from all patients 
in the morning after an overnight fast. Samples 
were drawn into Vacusera vacuum blood collec-
tion tubes (Disera, Izmir, Turkey) and processed in 
accordance with the CLSI PRE04-ED1:2023 guide-
lines (Handling, Transport, Processing, and Stor-
age of Blood Specimens for Routine Laboratory 
Examinations, 1st Edition). Samples were centri-
fuged according to the manufacturer’s recommen-
dations and serum samples were stored at –80°C 
until analysis.

The following laboratory parameters were 
measured: creatinine, C-reactive protein (CRP), 
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Table I. Demographic and laboratory characteristics of the patients according to their group

Parameter Total (n = 80) Case group (n = 40) Control group (n = 40) P-value

Age [years] 78.0 [24.8] 74.3 ±14.1 74.3 ±14.1 0.994a

Duration of HHCS 
[months]

24.0 [35.8] 30.5 [33.0] 15.0 [36.0] 0.012b

Sex 0.813c

 Female 53 (66.3) 26 (65.0) 27 (67.5)

 Male 27 (33.7) 14 (35.0) 13 (32.5)

Comorbidities 

 Neurological disorders 46 (57.5) 24 (60.0) 22 (55.0) 0.651c

 Cardiovascular diseases 57 (71.3) 27 (67.5) 30 (75.0) 0.459c

 Diabetes mellitus 24 (30.0) 15 (37.5) 9 (22.5) 0.143c

 Thyroid disorders 12 (15.0) 5 (12.5) 7 (17.5) 0.531c

 Hyperlipidemia 9 (11.3) 3 (7.5) 6 (15.0) 0.288c

 Malignancies 8 (10.0) 1 (2.5) 7 (17.5) 0.025c

 Other 24 (30.0) 8 (20.0) 16 (40.0) 0.051c

Tobacco use 0.013c

 No 61 (76.2) 35 (87.5) 26 (65.0)

 Yes 5 (6.3) 3 (7.5) 2 (5.0)

 Former smokers 14 (17.5) 2 (5.0) 12 (30.0)

Urinary catheter 22 (27.5) 16 (40.0) 6 (15.0) 0.012c

Endotracheal tube 4 (5.0) 3 (7.5) 1 (2.5) 0.305c

Nasogastric tube 3 (3.8) 3 (7.5) 0 (0.0) 0.077c

PEG 13 (16.3) 11 (27.5) 2 (5.0) 0.006c

Presence of oral feeding 64 (79.9) 26 (65.0) 38 (95.0) 0.001c

Utilization of nutritional 
supplementation products

28 (35.0) 22 (55.0) 6 (15.0) < 0.001c

MNA scores 9.0 [4.0] 7.0 [4.0] 10.0 [2.0] < 0.001c

Albumin [g/l] 37.3 ±4.9 39.7 ±4.2 35.0 ±4.6 < 0.001a

Total protein [g/l] 65.1 [8.9] 67.1 [8.3]  62.7 [6.3] 0.001b

Hemoglobin [g/l] 11.2 ±1.9 11.7 ±2.0 10.6 ±1.7 0.012 a

Hematocrit [%] 35.5 ±5.8 37.0 ±6.2 34.0 ±5.1 0.023 a

Creatinine [mg/dl] 0.8 [0.5] 0.9 [0.53] 0.7 [0.34] < 0.001b

CRP [mg/l] 13.1 [17.5] 8.6 [14.6] 18.9 [23.4] 0.006b

FGF2 [pg/ml] 220.0 [27.7] 220.8 [26.8] 219.1 [29.1] 0.577b

g-Klotho [pg/ml] 1441.8 [183.2] 1448.4 [158.6] 1421.3 [232.8] 0.453b

Data are presented as n (%), mean ± standard deviation and median [interquartile range]. aStudent’s t test, bMann-Whitney U test, cc2 
test. CRP – C-reactive protein, FGF – fibroblast growth factor, HHCS – Home Health Care Services, MNA – Mini Nutritional Assessment,  
PEG – percutaneous endoscopic gastrostomy.

albumin, total protein, hemoglobin, and hemato-
crit. CRP, albumin, and total protein levels were 
measured using a  Siemens Atellica CH Clinical 
Chemistry Analyzer (Siemens Healthcare GmbH, 
Erlangen, Germany) with manufacturer-provid-
ed commercial kits. Hemoglobin and hematocrit 
were measured using a  Mindray BC 6800 Plus 
automated complete blood count analyzer (Shen-
zhen, China) using corresponding proprietary re-
agents.

Serum levels of γ-Klotho and FGF2 were mea-
sured using enzyme-linked immunosorbent assay 

(ELISA). γ-Klotho concentrations were determined 
using a LCTL ELISA Kit (Shanghai Yehua Biological 
Technology Co. Ltd., Shanghai, China), with a sen-
sitivity of 10.0 pg/ml, a  standard curve range of 
20–2000 pg/ml, and intra- and inter-assay coef-
ficients of variation below 7% and 10%, respec-
tively. FGF2 levels were measured using a Hepa-
rin-Binding Growth Factor 2 (FGF2) Human ELISA 
Kit from the same manufacturer, with a sensitivity 
of 10.0 pg/ml, a standard curve range of 15–800 
pg/ml, and intra- and inter-assay coefficients of 
variation also below 7% and 10%. 
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Statistical analysis

Statistical analysis were performed using IBM 
SPSS Statistics version 22. The normality of data 
distribution was assessed using the Kolmogorov–
Smirnov and Shapiro–Wilk tests. Descriptive sta-
tistics were presented as frequency, percentage, 
mean, median, standard deviation, and interquar-
tile range, as appropriate. For comparison of con-
tinuous variables between groups, Student’s t-test 
was used for normally distributed data, and the 
Mann–Whitney U test was used for non-normally 
distributed data. Spearman correlation analysis 
was employed to assess relationships between 
continuous variables, while categorical variables 
were analyzed using the c2 test. A  p-value of  
< 0.05 was considered statistically significant for 
all analyses. 

Results

A  total of 80 patients were included in the 
study, comprising 40 (50.0%) patients in the case 
group and 40 (50.0%) in the control group. The 
demographic and laboratory characteristics of the 

patients according to their group are summarized 
in Table I. 

In the case group, the median wound duration 
was 12.0 (9.8) months, and the median number of 
wounds per patient was 1.0 (1.0). Wound-related 
characteristics of the case group are detailed in 
Table II. 

When the relationship between FGF2 and 
γ-Klotho was evaluated, a weak positive correla-
tion was observed in the case group (r = 0.314,  
p = 0.048), whereas no such association was 
found in the control group (p = 0.164). 

In the case group, FGF2 levels were positively 
correlated with the number of wounds (r = 0.454, 
p = 0.003), wound width (r = 0.422, p = 0.007), 
and wound length (r = 0.396, p = 0.012). How-
ever, no correlation was found between FGF2 
levels and wound duration (p = 0.469) or wound 
depth (p = 0.319). Additionally, γ-Klotho levels in 
the case group were negatively correlated with 
wound duration (r = –0.352, p = 0.026), where-
as no significant correlations were identified 
between γ-Klotho levels and number of wounds  
(p = 0.946), wound width (p = 0.298), wound 
length (p = 0.257), or wound depth (p = 0.559). 
FGF2 and γ-Klotho levels according to wound 
characteristics in the case group are summarized 
in Table III. 

No significant correlations were found between 
FGF2 levels and age, duration of HHCS utilization, 
or MNA scores in either group (p > 0.05). Similarly, 
no significant associations were found between 
γ-Klotho levels and age, duration of HHCS utiliza-
tion, or MNA scores in both the case and control 
groups (p > 0.05). FGF2 and γ-Klotho levels based 
on demographic characteristics of both groups are 
presented in Table IV. 

FGF2 levels were positively correlated with CRP 
in the case group (r = 0.398, p = 0.011). However, 
no significant associations were found between 
either FGF2 or γ-Klotho and levels of albumin, to-
tal protein, creatinine, hemoglobin, or hematocrit 
in either the case or control group (p > 0.05). 

Discussion

Wound healing is a complex physiological pro-
cess involving various cell types such as fibroblasts, 
endothelial cells, keratinocytes, macrophages, and 
platelets [6]. This process is regulated by multiple 
cytokines and growth factors, including FGFs [2, 
5]. FGFs constitute a family of cell signaling pro-
teins that mediate angiogenesis, wound healing, 
metabolic regulation, and embryonic development 
by binding to FGF receptors (FGFRs) [5, 6, 10, 11]. 
In wound healing, FGFs stimulate fibroblast prolif-
eration and strongly activate other mesoderm-de-
rived cells such as vascular endothelial and smooth 
muscle cells, osteoblasts, and chondrocytes [4–6]. 

Table II. Wound-related characteristics of the case 
group

Parameter Case group  
(n = 40)

Wound locationsa

 Sacrum 27 (67.5)

 Gluteal 8 (20.0)

 Hip 9 (22.5)

 Lower extremities 9 (22.5)

 Back 3 (7.5)

Wound stagesa

 Stage 2 14 (35.0)

 Stage 3 26 (65.0)

 Stage 4 12 (30.0)

Wound dimensions

 Length 3.0 [2.0]

 Width 4.0 [4.75]

 Depth 2.0 [2.0]

Presence of exudate 13 (32.5)

Type of exudate

 Serous discharge 35 (87.5)

 Purulent or hemorrhagic discharge 5 (12.5)

Signs of infection 5 (12.5)

Presence of odor 4 (10.0)

Periwound tissue appearance 

 Healthy 25 (62.5)

 Unhealthy 15 (37.5)
aSome patients exhibit more than one wound lesion. Data are 
presented as n (%), and median [interquartile range].
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Table III. FGF2 and γ-Klotho levels according to wound characteristics in the case group

Variable FGF 2 [pg/ml] P-value g-Klotho [pg/ml] P-value

Wound 
location

Sacrum region
No (n = 13)
Yes (n = 27)

205.1 [26.6]
223.5 [23.2]

0.052
1350.8 [186.9]
1431.2 [265.6]

0.568

Gluteal region
No (n = 32)
Yes (n = 8)

219.7 [28.9]
216.2 [30.4]

1.000
1372.9 [272.5]
1481.2 [464.3]

0.185

Hip region
No (n = 31)
Yes (n = 9)

216.5 [30.7]
223.5 [26.5]

0.503
1431.2 [257.4]
1411.5 [238.5]

0.874

Lower extremities region
No (n = 31)
Yes (n = 9)

217.4 [27.4]
227.9 [35.5]

0.138
1411.5 [250.8]
1431.2 [206.6]

0.775

Back region 
No (n = 37)
Yes (n = 3)

217.4 [28.3]
245.1 [–]

0.072
1411.5 [235.2]

1431.2 [–]

0.771

Wound 
stages

Stage 2
No (n = 26)
Yes (n = 14)

215.2 [24.1]
229.9 [30.1]

0.031
1376.2 [220.9]
1469.7 [239.8]

0.474

Stage 3
No (n = 14)
Yes (n = 26)

224.1 [32.2]
216.1 [31.5]

0.123
1510.7 [265.9]
1368.9 [194.7]

0.086

Stage 4
No (n = 28)
Yes (n = 12)

215.2 [27.9]
229.8 [25.4]

0.013
1368.9 [246.7]
1472.1 [244.3]

0.130

Presence of 
exudate

No (n = 27)
Yes (n = 13)

215.6 [26.8]
233.7 [31.3]

0.042 1477.1 [244.3]
1372.1 [155.7]

0.360

Type of 
exudate

Serous discharge (n = 35)
Purulent or hemorrhagic discharge (n = 5)

233.7 [39.6]
232.9 [54.7]

1.000 1372.1 [190.9]
1313.9 [496.1]

0.440

Signs of 
infection

No (n = 35)
Yes (n = 5)

216.5 [29.8]
219.3 [37.6]

0.197 1411.5 [240.9]
1431.2 [524.3]

0.874

Presence of 
odor

No (n = 36)
Yes (n = 4)

216.9 [29.0]
232.9 [41.4]

0.135 1395.9 [232.8]
1440.2 [696.3]

0.811

Periwound 
tissue 
appearance 

Healthy (n = 25)
Unhealthy (n = 15)

216.5 [26.9]
219.3 [38.8]

0.255 1477.1 [242.6]
1380.3 [222.9]

0.562

Data are presented as median [interquartile range]. Mann-Whitney U test.

As a key regulator of wound healing, angiogenesis 
facilitates the delivery of immune cells, clearance 
of cellular debris, and transport of oxygen and 
nutrients for tissue regeneration, with FGF2 play-
ing a stimulatory role in this process [6]. Among 
the FGFs, FGF1, FGF2, FGF4, FGF7, FGF16, FGF21, 
and FGF23 have been shown to be effective in the 
treatment of diabetic ulcers [5, 6]. Previous stud-
ies have demonstrated improved healing of pres-
sure ulcers following FGF2-based treatments [4, 6, 
8, 9]. In animal models, impaired wound healing 
in aged mice has been associated with decreased 
FGF2 levels, and FGF2-null mice exhibit reduced 
collagen deposition, delayed re-epithelialization, 
and impaired wound closure [8]. In this study, no 
significant difference in FGF2 levels was observed 
between patients with and without pressure ul-
cers. A  potential explanation for this finding is 
that, unlike previous studies which primarily as-

sessed FGF2 expression in wound tissue, the 
present study evaluated circulating FGF2 levels. 
Nonetheless, positive correlations were observed 
between FGF2 levels and the number, width, and 
length of wounds in patients with pressure ulcers. 
As the size and number of wounds increase, the 
extent of skin tissue damage is likely to become 
greater, which may contribute to elevated FGF2 
levels due to its pivotal role in tissue repair. 

Klotho protein expression and circulating lev-
els decline with aging and have been associated 
with reduced lifespan, pulmonary atrophy, ath-
erosclerosis, osteopenia, and infertility [2, 12, 14]. 
Among the three subtypes of Klotho, α-Klotho is 
primarily secreted by the kidneys and is notably 
reduced in chronic kidney disease [12, 14, 15]. 
β-Klotho is synthesized mainly in adipose tissue, 
as well as the lungs and pancreas, and plays a role 
in metabolic regulation [11, 12, 15]. γ-Klotho, the 
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least extensively studied isoform, is expressed 
in the skin, testes, and kidneys [5, 7, 11, 12, 15]. 
Although elevated γ-Klotho expression has been 
observed in cancers such as breast, bladder, and 
prostate, its specific target tissues and underlying 
mechanisms of action remain poorly understood 
[7, 11, 17]. Aging, which may delay wound healing, 
is also associated with a physiological decline in 
Klotho levels [12, 16], suggesting a potential role 
for Klotho proteins in wound repair. However, only 
a limited number of studies have explored this re-
lationship [2, 3]. An animal study demonstrated 
that the skin of Klotho-deficient mice resembled 
that of aged humans; however, delayed wound 
healing was not directly associated with α-Klotho 
deficiency [2]. Activation of the β-Klotho gene in 
adipose-derived stem cells has been shown to 
enhance basal membrane regeneration, angio-
genesis, and epithelialization, thereby promoting 
cell proliferation [3]. Although γ-Klotho is report-
ed to be expressed in skin tissue [11, 17], to the 
best of our knowledge, no previous studies have 
directly assessed its role in wound healing. In the 
current study, no significant difference was found 
in γ-Klotho levels between patients with and with-
out pressure ulcers. This may be due to the eval-
uation of serum rather than tissue-specific levels 
of γ-Klotho. Klotho proteins exist in both mem-
brane-bound and soluble forms, with the soluble 
form being primarily derived from α-Klotho [11]. 
In this context, the levels of γ-Klotho, which has 
been reported to be expressed in skin tissue, may 
not differ between patients with pressure ulcers 
and those without. Furthermore, a  negative cor-
relation was observed between γ-Klotho levels 
and wound duration in this study. A reduction in 
circulating Klotho protein levels associated with 
aging has been correlated with delayed wound 
healing in the skin [6, 17], ultimately leading to an 
extended wound duration.

Klotho proteins are considered cofactors for var-
ious FGFs [7, 13, 18]. The FGF family can be classi-
fied into intracrine, endocrine, and paracrine factors 
based on their respective functions [6]. In particu-
lar, endocrine FGFs (e.g., FGF15, FGF19, FGF21, and 
FGF23) require α- or β-Klotho as cofactors for their 
activity [5, 10, 11]. For instance, α-Klotho functions 
as a cofactor for FGF23, thereby influencing kidney 
function and bone metabolism [7, 11, 12, 15]. Ad-
ditionally, β-Klotho mediates insulin signaling in 
conjunction with FGF15 and FGF19, and regulates 
cholesterol, bile acid, and lipid metabolism in he-
patic and adipose tissues [11, 15, 18]. However, the 
specific FGF subtype for which γ-Klotho functions as 
a cofactor has not yet been identified [11]. γ-Klotho 
has been shown to enhance FGF15/19 signaling in 
human embryonic kidney 293 cells. Interestingly, 
depletion of γ-Klotho results in constitutive activa-
tion of extracellular signal-regulated kinase (ERK) 

and a reduced ERK response to canonical FGF2 stim-
ulation. Furthermore, γ-Klotho has been reported to 
directly interact with FGF23 and FGFRs, potentially 
contributing to an FGFR-mediated immunosuppres-
sive function [7]. In addition, γ-Klotho is also pro-
posed to act as a co-receptor for FGF19 in cultured 
cells by forming complexes with FGFR1b, FGFR1c, 
FGFR2c, and FGFR4 [15]. While endocrine FGFs re-
quire Klotho proteins as cofactors to exert their bi-
ological functions, paracrine FGFs such as FGF2 do 
not depend on Klotho proteins for their activity [5, 
10, 11]. Nonetheless, in vivo studies have reported 
that Klotho induction may suppress FGF2 expres-
sion [17], and to date, no Klotho subtype has been 
identified as a direct cofactor for FGF2. FGF2, a key 
mediator of wound healing, may potentially interact 
with γ-Klotho, the only Klotho isoform known to be 
expressed in the skin. In support of this hypothesis, 
the present study demonstrated a positive correla-
tion between serum γ-Klotho and FGF2 levels in pa-
tients with pressure ulcers, whereas no such associ-
ation was observed in the control group.

One limitation of this study is the relatively 
small sample size. Additionally, evaluating FGF2 
and γ-Klotho levels in blood samples rather than 
directly in wound tissue may represent another 
constraint.

In conclusion, wound healing is a  complex 
process that relies on the coordinated regulation 
of multiple cellular mechanisms. FGF2 has been 
identified as an important regulator of wound re-
pair. The Klotho protein family, often characterized 
as anti-aging factors, has also been implicated in 
wound healing; however, its role remains con-
troversial. Notably, γ-Klotho is reported to be ex-
pressed in skin tissue; however, its role in wound 
healing remains unclear. In the present study, no 
significant differences were observed in the serum 
levels of γ-Klotho and FGF2 between patients with 
and without pressure ulcers. However, a  weak 
positive correlation between γ-Klotho and FGF2 
was identified in the pressure ulcer group, where-
as no such association was found in the control 
group. These results highlight the complexity of 
the biological processes involved in wound heal-
ing and suggest that further research is needed to 
better elucidate the specific roles of γ-Klotho and 
FGF2 in this process. 
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