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BitamiH D3 i a-Ttokocgepony auerar
MmoandikyoTb 3ananbHi Ta ¢pi6bpo3Hi npouecu
NpyM CUCTEMHIN CKiepoaepMii: NpekniHiuHiI AaHi

BoraaHa dockantok?!, Jllobomnp 3asaub?, NlaTika N'ynTta?

1Kagpeapa narogpiziosnorii IBaHO-OpaHKIBCbKOro HauioHaabHOro
MeANYHOro yHiBepcuteTy, IBaHO-PpaHKIBCbK, YKkpaiHa
’BianineHHs pesmatonorii, JlikapHs New Cross, KoponiBcbkuii
BynBepremMnToHCbKUi Tpact, ByiBepreMnToH,

CrioniyyeHe Koponisctso Bennkoi bputanii i [iBHiYHOI IpnaHait

CuctemHa cknepogepmia (CCA) — ue XpOHiYHE aBTOIMYyHHE
3aXBOPIOBAHHS, WO XapaKTEpPU3YETbCS PO3BUTKOM ibpo3y i
BacKynonarii. He3Baxatoum Ha YMCNeHHI AOCNigXeHHSs, Hapa-
3i He icHye edekTnBHOro nikyBaHHa CCA. La pobota mana Ha
MeTi BUBUMTW BMNAMB a-Tokodepony aueTtaTty Ta BiTamiHy D3 Ha
piBeHb cypdakTaHTHoro npoteiHy D (SP-D), iHTepnelikiHy-13
(IL-13) i monekynu aaresii cyanHHux knituH-1 (VCAM-1) y go-
KNiHiYHin mopeni CCA.

JocnigxeHHs Bkntovano iHtaktHy rpyny (I (15 tBapuH) wo
He 3a3Hanu >XOAHMX BTPy4YaHb, KOHTposibHy rpyny (KI) (20
TBapwH), SKUM BBOAWAM i30TOHIYHWIN PO3YMH, EeKCrnepuMeH-
TaneHy rpyny N21 (EFN°1) (25 TBapuH), SIKMM iHAYKYyBanu
CCA, BBoasum iM nigwkipHo 0,5 Mn 5% po34uMHy rinoxnopu-
Ty HaTtpito (NaClO) Tpuyi Ha TUXAEHb NPOTSArOM LWECTU TUXHIB
nocninb; Ta ekcrnepmMmeHTanbHy rpyny N22 (EFN22) (25 TBa-
PUH), SKMM MPOBOAMIN KOPEKLIi0 LWASXOM iH'EKUIA BiTaMiHy
D (1000 MO/100 r) Tta a-tokodepony auetaty (10 mr/100 r)
BHYTPILWHbOM'A30BO MPOTArOM 3 TUXHIB.

CupoBaTkoBi KoHUeHTpauii IL-13, SP-D i VCAM-1 6ynu 3Ha4yHO BuwMMKM B ECN?1 nopiBHAHO 3
KOHTposibHOt rpynoto (109.35 (93.23-199.05) Ta 8.50 (5.60-14.20), p=0.004; 490.20 (156.20-
605.70) ta 78.10 (40.80-100.40), p=0.004; 91.25 (85.00-264.98) ta 19.50 (13.53-22.20),
p=0.004 BignoBigHo). BcTaHOBMNEHO, WO NpuinoM BiTaMiHy D3 i a-Tokodepony auetaty No3UTUBHO
BMN/IMBAE Ha BCi Tpu AocCNigkyBaHi napameTtpu. PiseHb SP-D B EIM N? 2 6yB 3HAa4YHO HUXUYUM, HIX Y
El N2 1 (490.20 (156.20-605.70) npotn 123.75 (108.80-145.03), p=0.004). KoHueHTpauii IL-13
i VCAM-1 Ttakox 6ynu Hmxuumm B EI N? 2.

Y nigcymMky ue AOCNIAXEHHS HAaJA€ AOoKaswu CnpuaTAMBOro BNAMBY BiTaMmiHy D3 i a-Tokodepony
alueTaTy Ha 3HWXeHHs piBHIB SP-D, IL-13 i VCAM-1 y npekniHivHin Mmoaeni CUCTEMHOI CKNepoaepMii.

KnrouoBi cnoBa: cuctemMHa cknepoaepmis, BitaMiH D, a-Tokodepony aueTaT, TBapuUHHI Moaeni.
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Vitamin D3 and a-Tocopherol Acetate
Ameliorate Inflammatory and Fibrotic Processes
in Systemic Sclerosis: Preclinical Evidence

Bohdana Doskaliuk!, Liubomyr Zaiats?, Latika Gupta?

Department of Patophysiology, Ivano-Frankivsk National
Medical University, Ivano-Frankivsk, Ukraine

’Department of Rheumatology, New Cross Hospital, Royal
Wolverhampton Trust, Wolverhampton, United Kingdom

Systemic sclerosis (SSc) is a chronic autoimmune disease char-
acterized by fibrosis and vascular abnormalities. Despite ex-
tensive research, there is currently no effective treatment for
SSc. This study aimed to investigate the effects of a-tocopherol
acetate and vitamin D3 on the levels of surfactant protein D
(SP-D), interleukin-13 (IL-13), and vascular cell adhesion mol-
ecule-1 (VCAM-1) in a preclinical model of SSc.

The study included an intact group (IG) (15 animals) with no
interventions, control group (CG) (20 animals) injected with
isotonic solution, an experimental group #1 (EG#1) (25 ani-
mals) that were induced with SSc by injecting them subcuta-
neously with 0.5 ml of 5% (NaClO) three times a week for six
consecutive weeks; and experimental group #2 (EG#2) (25
animals) with correction provided by injections of vitamin D
(1000 IU / 100 g) and a-tocopherol acetate (10 mg / 100 g)
intramuscularly for 3 weeks.
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The serum concentrations of IL-13, SP-D, and VCAM-1 were significantly higher in the EG#1
compared to the control group (109.35 (93,23-199.05) vs 8.50 (5.60-14.20), p=0.004; 490.20
(156.20-605.70) vs 78.10 (40.80-100.40), p=0.004; 91.25 (85.00 -264.98) vs 19.50 (13.53-
22.20), p=0.004 respectively). The administration of vitamin D3 and a-tocopherol acetate was
found to have a positive effect on all three parameters investigated. The SP-D level in the EG#2
was significantly lower than that in the EG#1 (490.20 (156.20-605.70) vs 123.75 (108.80-
145.03), p=0.004). The concentration of IL-13 and VCAM-1 were also lower in the EG#2.

In conclusion, this study provides evidence of the beneficial effects of vitamin D3 and a-tocoph-
erol acetate in reducing the levels of SP-D, IL-13, and VCAM-1 in a preclinical model of systemic
sclerosis.

Keywords: Systemic sclerosis, vitamin D, a-tocopherol acetate, animal models.

143



Mpaui HTLW MeanyHi Hayku
2023, Tom 71, N® 1 ISSN 2708-8634 (print)

Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua
ISSN 2708-8642 (online) 2023, Vol. 71, 1

OpuriHanbHi gocnigXeHHs: dyHAAMEHTaNbHI HayKHu

Introduction

Systemic sclerosis (SSc) is a complex autoim-
mune disorder marked by extensive fibrosis in
tissues and internal organs, endothelial dys-
function leading to small vessel vasculopathy,
and immunological aberrations. The etiology
of this disease is currently unknown, although
it is believed to result from a combination of
genetic predisposition and environmental fac-
tors.

Respiratory system involvement is a common
occurrence among patients with SSc, with in-
terstitial lung disease (ILD) and pulmonary
hypertension (PH) being the two most prev-
alent types of direct pulmonary involvement.
In fact, over 70% of SSc patients suffer from
pulmonary conditions, with interstitial lung
disease and pulmonary hypertension being
the most common [1]. Alarmingly, these two
conditions account for 60% of SSc-related
deaths [2]. Early pathological changes such as
microvascular injury and alveolar inflamma-
tion have been implicated in the pathogenesis
of SSc-related pulmonary diseases. Inflam-
mation and autoimmune responses triggered
by microvascular injury, either directly or in-
directly, activate fibroblasts, leading to fibro-
sis [3]. Pulmonary microvascular endothelial
cell injury is thought to result from hypoxia,
inflammation, and endothelial-mesenchymal
transition (EndoMT) [4]. Studies have shown
that in patients with systemic sclerosis (SSc),
there is an increased expression of vascular
cell adhesion molecule-1 (VCAM-1) which is
associated with vascular dysfunction and en-
dothelial cell activation [5]. VCAM-1 is a cell
surface molecule that is involved in the ad-
hesion of leukocytes to endothelial cells and
the subsequent migration of leukocytes into
tissues.

Noteworty, specific biomarkers of lung fibro-
sis that could help predict the course of lung
involvement are lacking. Since its discovery,
surfactant protein D (SP-D) has emerged as
a diagnostic and prognostic marker for ILD,
particularly in the context of ILD-SSc [6]. A
primary advantage of SP-D over classical
markers of lung fibrosis in SSc is that it re-
flects pathological processes specific to the
lungs. This is particularly important because
cutaneous fibrosis peaks early and gradually
improves, whereas lung fibrosis persists and
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worsens until the late stages of the disease
[7]. SP-D is predominantly produced in the
lungs, and its role in various forms of pul-
monary fibrosis, including ILD-SSc, has been
described in recent years [8]. Furthermore,
increased SP-D levels have been also found
to predict poor outcomes in patients with idio-
pathic pulmonary fibrosis [9].

In SSc, there is a disruption in the balance
between extracellular matrix (ECM) accumu-
lation and breakdown. The fibrosis associated
with SSc results from the excess deposition
of collagen, especially type 1 collagen [10].
Although the disease is characterized by both
inflammation and fibrosis, the link between
the two has come to light only recent decade.
Inflammation and inflammatory mediators
lead to excess ECM accumulation, resulting in
scarring and fibrosis. Interleukin-13 (IL-13), a
classic Th2 cytokine, is known to play a crucial
role in fibrosis and is elevated in SSc [11].
SSc is considered a “Th2-polarized” disease,
and several Th2 mediators may influence its
course. Elevated level of IL-13 has been found
in the serum of SSc patients compared to
healthy controls. Additionally, genetic associ-
ations suggest that IL-13 is involved in SSc
[11].

Even with considerable advances in under-
standing SSc, little progress has been made in
treating the disease, and there is currently a
lack of drugs capable of affecting its progres-
sion. Hence, this study aimed to investigate
the effects of a-tocopherol acetate (vit E) and
vitamin D3 (vit D) on the levels of SP-D, IL-
13, and VCAM-1 in a preclinical model of SSc.

Materials and Methods

The following methodology is defined follow-
ing the ARRIVE 2 updated guidelines for re-
porting animal research [12].

Experimental animals,
care and monotoring

The adult Wistar rats weighing 220-240 g
purchased from the Ivano-Frankivsk Nation-
al Medical University (IFNMU) vivarium were
used for this study. All experimental animals
were housed under conventional conditions in
the animal care facility by the IFNMU. The rats
were kept in single-tier plastic cages with an
upper hinged wall made in the form of a metal

their housing,
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frame with a grid. The facility is well venti-
lated and illuminated with an air temperature
of +20-+24 C and a relative humidity of 45-
65%. Daily housekeeping included changing
the wood chip litter and washing the food dish.
Once a week, the cages were disinfected with
a 2% formalin solution.

All animal procedures were carried out in ac-
cordance with the bioethical principles of med-
ical and biological experimental work declared
in the provisions of the European Convention
for the Protection of Vertebrate Animals used
for Research and Other Scientific Purposes
and approved by the IFNMU Ethics Commis-
sion, N2 117/20 of 19.11.20.

Study design

We assembled our experimental animals into
four groups: an intact group (IG) (15 animals)
control group (CG) (20 animals), an experi-
mental group #1 (EG#1) (25 animals) and
experimental group #2 (EG#2) (25 animals).
Group randomization was performed using the
method of minimizing differences in weight.
In order to exclude the influence of the daily
rhythm and biological activity on the metabo-
lism of rats, the sampling of the material was
carried out in the morning, before feeding.

Blinding technic

To minimize potential errors in the interventions,
the animals within each group were housed in
the same cage. The intervention process could
not be blinded as isotonic solution and sodium

EGH2

(ew

EG#1

(e

} 0.5 ml of 5% NaClO

0.5 ml of 5% NaClO
(6 weeks)

100 g (3 weeks)

(6 weeks) + vitamin D3
10001U/100g and a-
tocopherol acetate 10mg/
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hypochlorite (NaClO) have distinguishable char-
acteristics, while the control group received no
interventions. However, each animal’s blood
sample and tissue specimen were labeled sep-
arately, so that the researchers were blinded to
which group they belonged to. Additionally, to
reduce statistical analysis bias, different groups
were randomly assigned codes (such as group X,
group Y, group Z, and group W).

Modeling of SSc

The induction of SSc was performed according
to the following method (Fig.1): experimental
animals from EG#1 were injected with 0.5 ml
of 5% (NaClO) three times a week subcuta-
neously for 6 consecutive weeks as reported
previously [13]. Isotonic solution was admin-
istered to laboratory rats of the CG by the
same scheme and technic. The intact group
did not receive any interventions. The labora-
tory animals from EG#2 in addition to NaClIO,
received a solution of vit E 10 mg / 100 g of
body weight, intramuscularly and a solution
of vit D 1000 IU / 100 g of body weight, in-
tramuscularly for 3 weeks (second half of the
experiment). All groups of laboratory animals
were euthanized by decapitation 8 weeks af-
ter beginning of the experiment. The euthana-
sia was provided under thiopental anesthesia
(thiopental was administered intramuscularly
at a dose of 10 mg / 100 g rat weight).

Sample size
To determine the sample size for this pilot
study, the “resource equation” method was

CG IG

0.5 ml of isotonic

solution

No interventions
(6 weeks)

(8 weeks)

\ 2 weeks withoutinjections

~

m IL-13, SP-D, VCAM-1

Figure 1. Graphic representation of the study design
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used. The equation used was E = (15 x 3) -
3 = 42, which resulted in a sample size of 42.
This sample size was deemed sufficient as it is
greater than 20 [14]. Additionally, the expect-
ed attrition or death of animals was consid-
ered. Given the relatively long duration of the
experiment, the corrected sample size for the
experimental group was 25 animals, calculat-
ed as 15 divided by 0.6.

Reagents

Sodium hypochlorite (NaClO) solution was
purchased from (PE “Latus”, Kharkiv, Ukraine).
The level of surfactant protein D (Elabscience
SP-D, Texas, USA ), the vascular cell adhe-
sion molecule (Elabscience VCAM-1, Texas,
USA), and interleukin 13 (Elabscience, Texas,
USA) was determined by enzyme-linked im-
munosorbent assay. ELISA was performed on
an enzyme-linked immunosorbent assay STAT
FAX 303 plus.

Statistical analysis

The distribution of data was assessed using
the Kolmogorov-Smirnov test. Descriptive
statistics were reported as Me (IQR: Q1-Q3)
(median with interquartile range) for non-nor-
mally distributed data. The Mann-Whitney test
was used to analyze statistical differences be-
tween continuous variables. For comparisons
among groups with three or more variables,
the one-way nonparametric ANOVA (Krus-
kal-Wallis test) with pairwise comparisons was
utilized. The statistical software used for data
analysis was SPSS version 26.0 (SPSS Inc.,
Chicago, IL, USA).

Results

The levels of all three parameters did not dif-
fer between the control and intact groups (Ta-
ble 1). However, in EG#1, the IL-13 (pg/ml)
level was more than ten times higher than in
the control group: 136.4 = 109.35 (93.23-
199.05) vs. 8.50 (5.60-14.20) (p=0.004). The
serum concentration of SP-D (pg/ml) among
the laboratory animals in EG#1 was signifi-
cantly higher compared to the control group,
and VCAM-1 serum concentration demonstrat-
ed the same tendency and was the highest in
EG#1 (Fig. 2).

The administration of vitamin D and a-tocoph-
erol acetate had a positive effect on all three
investigated parameters. We found a statisti-
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Figure 2. Laboratory values among four study groups
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Table 1
Effect of vitamin D3 and a-tocopherol on selected laboratory parameters
Experimental Experimental Control Intact
group #1 group #2 Group Group
IL-13, pg/ml
Me 109.35 (93,23-199.05) 23.40 (17.93-28.10) 8.50 (5.60-14.20) 8.25 (6.00-11.75)
(IQR Q1-Q3)

VCAM-1, pg/ml
Me 91.25 (85.00 -264.98)
(IQR Q1-Q3)

44.05 (23.40-48,13)

19.50 (13.53-22.20) | 18.20 (12.38-21.58)

SP-D, pg/ml
Me 490.20 (156.20-605.70) | 123.75 (108.80-145.03) | 78.10 (40.80-100.40) | 77.75 (41.43-90.90)
(IQR Q1-Q3)
IL-13 VCAM-1 SP-D
P P P
EG#1-EG#2 0.004 EG#1-EG#2 0.004 EG#1-EG#2 0.004
EG#1-CG 0.004 EG#1-CG 0.004 EG#1-CG 0.004
EG#1-1G 0.004 EG#1-1G 0.004 EG#1-I1G 0.004
EG#2-CG 0.004 EG#2-CG 0.006 EG#2-CG 0.006
EG#2-1G 0.004 EG#2-1G 0.004 EG#2-1G 0.004
CG-IG 0.748 CG-IG 0.749 CG-IG 0.872

cally significant difference between the two ex-
perimental groups regarding IL-13, SP-D, and
VCAM-1 (Table 1). The most significant decrease
after the administration of these vitamins was
seen in IL-13 and SP-D levels, while the median
level of VCAM-1 was decreased by two times.

Discussion

To the best of our knowledge, this is the first
experimental study aimed at revealing the ef-
fects of combined therapy using vit D and E
on laboratory animals with induced SSc-relat-
ed pulmonary involvement. While vit D and
a-tocopherol acetate have been separately
studied as possible pathogenetic players in
the management of SSc, data regarding their
combined effect on the pulmonary system is
limited. Our study showed that the combina-
tion of vit D and a-tocopherol acetate had a
positive effect on the concentrations of IL-13,
VCAM-1, and SP-D in the serum of laboratory
animals with experimentally induced SSc.

Vitamin D has been found to possess immuno-
modulatory, cardioprotective, and antifibrotic
biological effects, which suggest it may be
able to interfere with the pathophysiological
mechanisms activated in SSc [15]. All three
main branches of pathogenesis: autoimmuni-
ty, peripheral vasculopathy, and fibrosis might
be aimed with vit D.

147

Vitamin D exerts pleiotropic effects by binding
to and activating the vit D receptor (VDR), a
nuclear receptor that manages vit D-respon-
sive genes [16]. VDR is widely distributed
throughout the body, which accounts for the
multifaceted effects of vit D that extend be-
yond calcium and phosphate metabolism [17].
Vit D modulates innate and adaptive immunity
by regulating the production of pro-inflamma-
tory and anti-inflammatory cytokines [18] and
inhibiting T cell proliferation [19]. Further-
more, vit D can interfere with the fibrotic pro-
cess by regulating the TGFB-pathway through
SMAD-dependent transcription [20].

It is assumed that an immune system disorder
is caused by an imbalance between pro-in-
flammatory T cells (Th17 or Th17.1) and reg-
ulatory T (Treg) cells [20]. Vitamin D can help
restore this balance by stimulating Treg cells,
thereby bringing the immune system back to
a state of normalcy [21, 22]. This is why vit D
is believed to have a protective effect against
autoimmune diseases, due to its ability to
modulate and promote immune tolerance.

Recent experimental studies have shown that
VDR expression is decreased in SSc fibro-
blasts and in a murine model of skin fibrosis,
which is dependent on TGF- B [23]. Addition-
ally, VDR signaling can be activated by the vit
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D analog paricalcitol to inhibit TGF-B signal-
ing and improve experimental fibrosis in the
bleomycin model. Another study demonstrat-
ed that 17,20S(OH)2pD can: suppress total
collagen synthesis, modulate key mediators in
the TGF-B pathway, and alter expression of in-
flammatory cytokines in the bleomycin (BLM)
model of skin fibrosis [24].

Clinical studies have provided evidence that
vit D has the ability to inhibit both IL-17A and
pro-fibrotic cytokines, indicating its potential
anti-fibrotic effect [25]. These findings sup-
port the hypothesis that vit D supplementa-
tion in SSc patients may have a potentially
beneficial effect on fibrotic processes by in-
hibiting the production of these cytokines. In
turn, Caimmi et al. reported a correlation be-
tween low levels of vit D and an increased risk
of developing digital ulcers in patients [26].

Vitamin E is a powerful intracellular antioxi-
dant, which is known to prevent lipid peroxi-
dation and protect polyunsaturated fatty acids
in membrane phospholipids and plasma lipo-
proteins. It inhibits the synthesis of reactive
oxygen species (ROS) and primarily functions
as a peroxyl radical scavenger. Research by Os-
tojic and Damjanov revealed that patients with
early diffuse cutaneous SSc who received vit E
(400 IU/day) and ascorbic acid (1,000mg/day)
for six months along with cyclophosphamide
had a lower skin thickening progression rate
than those on cyclophosphamide alone [27].
The upregulation of cytosolic phospholipase-A2
and cyclooxygenase-1 by vit E promotes the
release of prostacyclin, a potent vasodilator
and inhibitor of platelet aggregation.

De Souza et al. conducted a study which
demonstrated the effectiveness of a combina-
tion treatment involving pentoxyphylline and
vit E for the treatment of fibrotic manifesta-
tions in systemic sclerosis [28]. The treatment
was found to be effective within 16 weeks,
and the reduction in MRSS persisted until the
24th week. The study also indicated that the
combination treatment might influence the
progression of ischemic ulcers in SSc. Accord-
ing to Fiori et al, topical application of vit E is
beneficial in managing digital ulcers in SSc pa-
tients [29]. It is helping in reduction of healing
time and provide faster relief from pain, while
also resulting in significant cost savings.
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SP-D is produced by type II alveolar cells in the
lungs and plays a crucial role in maintaining
proper pulmonary mechanical function. It is a
commonly used serum marker for SSc-ILD [30].
Furthermore, its levels in the bloodstream may
be indicative of the effectiveness of antifibrot-
ic therapy [31]. Another study showed that the
degree of decrease in SP-D levels during cyclo-
phosphamide therapy could predict treatment
response [32]. In turn, Ebata et al. suggested
that a rapid decrease in SP-D levels in the good
responder group could indicate a potent antifi-
brotic effect of RTX [33]. Therefore, the differ-
ence in SP-D levels between EG1 and EG2 could
support the hypothesis that vit D and vit E have
a positive influence on pulmonary remodeling.

IL-13 is a cytokine that is typically associated
with Th2 cells and has been shown to stim-
ulate the production of type I collagens, as
well as the transition of fibroblasts into myo-
fibroblasts [34]. Therefore, blocking Th2-as-
sociated cytokines could be a potential target
for SSc therapy. Recent research suggests
that IL-13 levels are linked to the severity of
restrictive lung disease in SSc patients with
early disease [11]. In addition, the IL-13/IL-
33 axis is a relevant marker of disease activity
in ILD for SSc patients with the diffuse form
[35]. Moreover, in limited cutaneous system-
ic sclerosis (IcSSc) patients, IL-13 levels were
observed to increase in those with pulmonary
arterial hypertension (PAH) [34]. The expres-
sion of the IL-13 target gene MRC1 in circulat-
ing monocytes was also found to be correlated
with pulmonary arterial pressure [36].

According to Greenblatt et al., the inflammato-
ry subset of scleroderma is driven by IL-13 and
may potentially benefit from IL-13 blockade, as
evidenced by their comparison of human and
murine scleroderma [37]. These findings sug-
gest that therapies aimed at reducing these cy-
tokines could effectively reduce collagen accu-
mulation in SSc and prevent the development of
chronic fibrosis. Our study has shown a decrease
in IL-13 levels in the group of experimental ani-
mals that received vit D and vit E, indicating that
these vitamins could serve as valuable additional
therapies for immunological moderation.

As for VCAM-1, there are evidence that it plays
important role in the microcirculatory damage
in case of SSc [5]. Zanin-Silva et al. have shown
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that elevated levels of VCAM-1 are linked to
vascular dysfunction and activation of endo-
thelial cells in SSc patients [38]. Therefore, a
decrease in the level of VCAM-1 can potentially
indicate a decrease in the intensity of micro-
circulatory disorders, which could be a positive
outcome for individuals with SSc.

In conclusions: This study provided evidence
that administration of vitamins D3 and a-to-
copherol acetate, given in combination, has a
beneficial effect on IL-13, SP-D, and VCAM-
1 levels in the organism of the experimental
animals. These findings suggest that these vi-
tamins could potentially be used as therapeu-
tic agents for treating SSc. However, further
studies are needed to confirm these findings
in human subjects.

Study limitations

One of the limitations of this study is that it
was conducted in an animal model, and there-
fore, the findings may not be fully generaliz-
able to human patients with SSc. Second, the
study only investigated the effects of vit D3
and a-tocopherol acetate on three parameters,
namely SP-D, IL-13, and VCAM-1. Other fac-

Original research: Basic sciences

tors involved in the pathogenesis of SSc were
not investigated in this study. Therefore, it is
unclear whether these vitamins can improve
other disease-related parameters in SSc. Third,
the study did not investigate the long-term ef-
fects of vitamin D3 and a-tocopherol acetate
administration. Therefore, it is unclear wheth-
er these vitamins have any adverse effects or
whether the beneficial effects observed in this
study are sustained over time.
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