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Background: Multiple methods have been used to treat hypertrophic scarring; however, an optimal treatment method remains to be
established. We aimed to research and compare the effects of cell-free fat extract (CEFFE) and platelet-rich fibrin (PRF) on
hypertrophic scar formation based on histomorphological analysis in this study.

Methods: Twelve rabbits were divided into four groups randomly. (CEFFE+PRF group, n=3; CEFFE group, n=3, PRF group, n=3 and
Control group, n=3). After the ear hypertrophic scar model were established, the two ears of each rabbit in the four groups were injected
with CEFFE 0.05 mL/cm? + PRF 0.05 mL/cm?, CEFFE 0.1 mL/cm? PRF 0.1 mL/cm?, and saline 0.1 mL/cm?, respectively. The scar
elevation index and histological analysis using hematoxylin-eosin and Masson staining were evaluated after injection on day 40.
Results: The CEFFE+PRF group was significantly more effective in the prevention of pathological scar formation than the CEFFE-
only, PRF-only, and control groups in terms of capillary count, collagen organization, fibroblast count, and scar elevation index
(»<0.05).

Discussion: CEFFE combined with PRF was the most effective treatment for the prevention of hypertrophic scar formation in our
study.
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Introduction
Hypertrophic scars are pathological scars with excessive proliferation of fibroblasts, fibrosis, chronic inflammation, and
excessive deposition of fibroblast-derived extracellular matrix proteins.! Hypertrophic scars have become a major skin
complication that seriously affect the physical and mental health of patients with burns, trauma, and surgery in recent
years. >

There are various methods to treat scars, such as surgical excision,” pressure treatment,’ silicone gel dressings,’
5-fluorouracil,” laser therapy,® radiotherapy,’ local injection of corticosteroids,'® and local injection of botulinum toxin.'"
However, the treatment of hypertrophic scars is still in the research stage and has great prospects.'*'> The use of
autologous fat and its components is one of the most promising treatments.'* Autologous fat transplantation demon-
strated significant improvement of scar appearance, skin characteristics, and pain, improving itch and restoration of
volume and three-dimensional contour.'> "’

In recent years, an emerging technology for mechanically extracting cell-free cellular components and lipid remnants
from human adipose tissue has entered the field of fat transplantation.'®'? Cell-free fat extract (CEFFE)'’ has been

shown to contain a huge number of cytokines and growth factors, including vascular endothelial growth factor (VEGF),
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transforming growth factor-p1 (TGF-B1), insulin-like growth factor 1, hepatocyte growth factor (HGF), platelet-derived
growth factor (PDGF), basic fibroblast growth factor (bFGF), brain-derived neurotrophic factor, and glial-derived
neurotrophic factor. Cai et al’” demonstrated that the combination of adipose tissue extract and fractional carbon dioxide
laser treatment can enhance the adipogenesis and decrease the collagen deposition in hypertrophic scars. Similar to
CEFFE, platelet-rich fibrin (PRF)ZI*23 is rich in various growth factors, including VEGF, bFGF, PDGF, epithelial growth
factor, and cytokines. PRF with three-dimensional structure promotes growth factor bonding and platelet capture, which
strengthens the gradual and long-lasting release of growth factors and cytokines. Moreover, Xiong et al** demonstrated
that platelet-rich fibrin could improve the outcomes of fat grafting in rabbit models.

Accordingly, we assumed that the combination of CEFFE and PRF could enhance adipogenesis and decrease collagen
deposition in hypertrophic scars. Thus, in our study, we compared the effects of PRF and CEFFE on the prevention of
hypertrophic scar formation by histological evaluation in a rabbit ear wound model.

Methods

Twelve New Zealand white rabbits (weight: approximately 2.5-3.5 kg, male, 6—8 months) were used in our study. All
rabbits were purchased at the Experimental Animal Center of Fujian Medical University. This study was approved by the
ethics committee of our hospital and the Experimental Animal Center of Fujian Medical University (IACUC-FMCHH
-2024-002). All rabbits were housed in a well-ventilated holding room with a 12 h light-dark cycle at an ambient
temperature of 23 = 2 °C and 70% humidity, with free access to water and food. All procedures were conducted in
accordance with the “Guiding Principles in the Care and Use of Animals” (China).

Ear Hypertrophic Scar Model
The ear hair of the rabbits was shaved one day before. All rabbits were anesthetized by inhalation of 2%—2.5% isoflurane.
The rabbit ear hypertrophic scar model has been defined previously.?** Five-millimeter circular defects were fabricated
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on the ventral surfaces of both ears. The dermis, epidermis, and perichondria within the defective area were removed.
Wounds were cleaned daily until red, hard hypertrophic scars protruding from the skin surface had formed.

CEFFE Preparation

CEFFE was prepared as described previously.'® Fat tissue was harvested from both inguinal regions of the rabbits by
using suction. The harvested adipose tissue was rinsed with physiological saline to remove red blood cells, then the tissue
was centrifuged at 1200 x g for 3 min. The lower fluid layers and upper oily were removed, then the middle fat layer was
collected and mechanically emulsified. The emulsified fat was subsequently frozen (=80 °C) and thawed (37 °C). The fat
was centrifuged (2000 x g for 5 min) and separated into four layers after one cycle of the freeze and thaw process. The
third layer containing CEFFE was harvested and frozen (—80 °C). The extract was harvested by sterilizing and removing
cell debris using a 0.22 pm filter eventually.'®

PRF Preparation

PRF was prepared as previously described.”* 10 mL of blood was drawn from the rabbits and centrifuged immediately
(12 min at 1000 x g). After centrifugation and naturally polymerized fibrinogen, the blood was separated into three-layer.
The middle layer containing a PRF clot was harvested and placed in a 4 °C refrigerator.**

Grouping and Intervention
After establishing the rabbit ear hypertrophic scar mode, twelve New Zealand white rabbits (total of 120 rabbit ear
wounds) were randomly divided into four groups as follows:

CEFFE+PRF Group: CEFFE 0.05 mL/cm?® + PRF 0.05 mL/cm?” (30 rabbit ear wounds)
CEFFE Group: CEFFE 0.1 mL/cm? (30 rabbit ear wounds)

PRF Group: PRF 0.1 mL/cm? (30 rabbit ear wounds)

Control Group: Saline 0.1 mL/cm? (30 rabbit ear wounds)

All rabbits were anesthetized by inhalation of 2%—2.5% isoflurane. CEFFE and PRF were prepared as described before.
Injection was conducted at lmm lateral to the wound margin subcutaneously.

Scar Elevation Index

The scar elevation index (SEI) was used to evaluate scar and wound healing as previously described.”?” The vertical
distance from the highest point of scar tissue (a) and the surrounding normal skin surface (b) to the ear cartilage surface
were measured using Image J software (SEI = a/b, a, the vertical distance from the highest point of scar tissue to the ear
cartilage surface; b, the vertical distance from the surrounding normal skin surface to the ear cartilage surface). SEI was
evaluated before and 40 days after injection.

Tissue Harvesting and Histopathological Analysis

On day 40 after injection, standardized digital photographs of all scars were taken, and the rabbits were euthanized with
an overdose of anesthetic; the complete thickness of the epidermis and dermis were harvested, including at least 5 mm of
normal skin at the edge of the scar, for histopathological analysis. The samples were fixed in 10% formaldehyde solution
and embedded in paraffin blocks. Specimens were subsequently sectioned serially (4 pm thickness) along the long-
itudinal axis. All sections were examined under a microscope (Olympus, Tokyo, Japan). The sections were stained with
hematoxylin and eosin (HE) and Masson’s trichrome staining. One experienced pathologist obtained the results. HE
staining was performed 40 days after the treatment to examine the histological morphology. Fibroblasts were counted at
400x magnification in three randomized fields. The number of capillaries formed was counted at 40x magnification.
Collagen structure was assessed with a scale from 0 to 3 (“3” being the least organized collagen structure and “0” being
normal organized collagen structure).”®
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Statistical Analysis

IBM SPSS Statistics 21.0 were used for statistical analyses. To compare both groups, the values indicating normal
distribution were expressed as mean + SD, and for independent samples, a t-test was used. Comparisons of continuous
variables were studied using the one-way analysis of variance test. Values indicating non-normal distributions were
expressed as [P50 (P25, P75)]. Values indicating non-normal distributions or heterogeneity of variance were analyzed
using the Mann—Whitney U-test and Kruskal-Wallis test. A p-value <0.05 was deemed statistically significant.

Results
Hyperplastic scars with hard textures and red bulges were observed pre-injection, and the hyperplastic area did not
extend beyond the edges of the original wound in all rabbit wounds. No infections or ulcer formation were observed
during the intervention. The color of the scars gradually faded and those treated with CEFFE or PRF gradually
attenuated, softened, or narrowed over time (Figure 1). The control group demonstrated thicker epidermis and dermis,
excessive deposition of the extracellular matrix and irregular collagen fibers. The combination treatment group (CEFFE
+PRF) showed the least collagen deposition, thinner epidermis and dermis, more regular and orderly collagen arrange-
ment, followed by CEFFE-only and PRF-only groups (Figures 2 and 3).

The results demonstrated that, on day 40 after injection, the scarred epidermis and dermis in the saline group showed
an abundant infiltration of inflammatory cells. The CEFFE+PRF, CEFFE-only, and PRF-only groups showed the

CEFFE+PRF CEFFE Saline

W~ ok .

Figure | Appearance of scars in each group 40 days after injection. (A) CEFFE+PRF Group, scale bar = 5mm. (B) CEFFE-only Group, scale bar = 5mm. (C) PRF-only Group,
scale bar = 5mm. (D) Control Group, scale bar = 5mm.

CEFFE+PRF CEFFE PRF Saline

Figure 2 Sample images by HE staining in the scar tissues. HE staining showed that the infiltration of inflammatory cells decreased after treatment, especially in the combination
group, but almost no improvement in the control group. (A) CEFFE+PRF Group: regular collagen fibers (x100). scale bar = 100 um. (B) CEFFE+PRF Group: (x400). scale bar =
20 pm. (C) CEFFE-only Group: (x100). scale bar = 100 pm. (D) CEFFE-only Group: (x400). scale bar = 20 um. (E) PRF-only Group: (x100). scale bar = 100 um. (F) PRF-only Group:
(x400). scale bar = 20 um. (G) Control Group: excessive deposition of the extracellular matrix and irregular collagen fibers. (x100). scale bar = 100 pm. (H) Control Group:
Fibroblast cells and capillary formations, accompanied by a substantial infiltration of inflammatory cells. (x400). scale bar = 20 um.
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CEFFE+PRF CEFFE PRF Control

Figure 3 Sample images by Masson’s trichrome staining in the scar tissues. (A) CEFFE+PRF Group: the arrangement of collagen fibers in the combination group was the
loosest and regular (x100). scale bar = 100 um. (B) CEFFE+PRF Group (x400). scale bar = 20 um. (C) CEFFE-only Group: (x100). scale bar = 100 um. (D) CEFFE-only
Group: (x400). scale bar = 20 um. (E) PRF-only Group: (x100). scale bar = 100 pm. (F) PRF-only Group: (x400). scale bar = 20 um. (G) Control Group: the collagen fibers
were disordered and dense. (x100). scale bar = [00 pm. (H) Control Group: (x400). scale bar = 20 pum.

reduction of the infiltration of inflammatory cells on the contrary. Adipocytes were observed in the scar dermis of the
CEFFE+PRF and CEFFE-only groups.

The mean SEI scores were 2.20 £0.05, 2.19 £0.09, 2.20 +0.08, and 2.21 £0.13 in the CEFFE+PRF, CEFFE-only,
PRF-only, and control groups pre-injection, respectively (p >0.05). Mean SEI scores were 1.75 £0.03, 1.93 +0.05, 1.95
+0.03, and 2.17 £0.04 in the CEFFE+PRF, CEFFE-only, PRF-only, and control groups post-injection, respectively
(p <0.05). As for SEI scores, the CEFFE+PRF, CEFFE-only, PRF-only groups demonstrated statistically significant
differences pre- and post-injection (p <0.05). There was also a significant difference in SEI scores between the CEFFE
+PRF and CEFFE-only group post-injection (p <0.05) (Figure 4A).

The mean epithelial thicknesses were 0.08 +0.008, 0.09 +0.012, 0.11 £0.021, and 0.12 £0.017 mm in the CEFFE
+PRF, CEFFE-only, PRF-only, and control groups, respectively. There was significant difference among the CEFFE
+PRF, CEFFE-only, PRF-only, and control groups in mean epithelial thickness post-injection (p <0.05). There was no
significant difference between PRF-only and control groups in mean epithelial thickness post-injection (p >0.05)
(Figure 4B).

The mean numbers of fibroblasts in the CEFFE+PRF, CEFFE-only, PRF-only, and control groups were 322 £16.1,
601 £17.3, 650 £22.4, and 750.8 £20.7, respectively. The difference among CEFFE+PRF, CEFFE-only, PRF-only, and
control groups were statistically significant (p <0.05) (Figure 4C).

The mean numbers of capillaries in the CEFFE+PRF, CEFFE-only, PRF-only, and control groups were [4.5 (4.0.
5.0)], [7.5 (7.0, 8.0)], [8.0 (8.0, 9.0)], and [10.0 (9.0, 10.0)], respectively. There was significant difference among CEFFE
+PRF, CEFFE-only, PRF-only, and control groups in the mean numbers of capillaries (p <0.05). There was no significant
difference between CEFFE-only and PRF-only group in the mean numbers of capillaries (p >0.05) (Figure 4D).

The mean collagen organization scores of the CEFFE+PRF, CEFFE-only, PRF-only, and control groups were [2
(1,2)], [2 (2,3)], [3 (2,3)], and [3 (3,3)], respectively. There was significant difference among CEFFE+PRF, CEFFE-only,
PRF-only, and control groups in the mean collagen organization scores (p <0.05). There was no significant difference
between CEFFE-only and PRF-only group in the mean collagen organization scores (p >0.05) (Figure 4E).

Discussion
Hypertrophic scarring is a clinical challenge, characterized by a disorganized structure and abnormal biomechanical
properties.”’ Various methods have been used to treat abnormal pathological scars. However, there is no specific
treatment standard.>® With the development of regenerative medicine, autologous fat and its components have played
an important role in tissue regeneration and remodeling, providing new ideas for the treatment of scars.'*'"!

Clinical observations by Gentile®* have shown that fat transplantation can soften and thin scars, thereby improving
scar texture. Sultan et al** found through animal experiments that after fat transplantation, the levels of pro-angiogenic

factors such as VEGF and stromal cell derived factor-1 in the recipient area increased, while the levels of pro-fibrotic
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Figure 4 Summary of histopathological results. (A) Mean value of SEl score pre-injection and post-injection in each group. SEl index decreased after treatment, especially in
the CEFFE+PRF group (SEl is defined as ratio of the vertical distance from the highest point of scar tissue to the ear cartilage surface and the vertical distance from the
surrounding normal skin surface to the ear cartilage surface. (B) Mean value of epithelial thickness for each group in millimeters. (C) Mean number of fibroblasts in each
group. (D) Mean number of capillary formations in each group. (E) Mean collagen organization score for each group. (ns, no significant difference. *p < 0.05.).

cytokines such as TGF-B1 decreased, thereby improving the appearance and texture of scars. These findings demon-
strated the significant potential of fat transplantation in scar treatment. In recent years, cell therapies have been extended

to the field of fat transplantation, including nano-fat** and stromal vascular fraction gel*>~°

transplantation, which mainly
exert their effects through active adipose-derived stromal cells (ADSCs).

Currently, the mechanism by which ADSCs regulate fibrosis response in scar is still inconclusive. Yang et al*’ found
through animal experiments that ADSCs exert regenerative effects through paracrine secretion and direct differentiation,
with paracrine function being the main one. The paracrine products of ADSCs include various cytokines, such as VEGF,
HGF, and so on, which can regulate cell apoptosis, angiogenic activity, and inflammatory response.*® Zhang et al*’
injected rabbit ADSCs and their culture medium into the hypertrophic scars of rabbit ear wounds and found that the scar
proliferation index decreased after 35 days of treatment through skin ultrasound monitoring. Moreover, the arrangement
of dermal collagen was regular, and the expression of alpha smooth muscle actin and type I collagen decreased by

140

histologically, indicating that ADSCs inhibited scar proliferation through paracrine inhibition. Uysal et al™ found

through animal experiments that injecting ADSCs locally around scars can downregulate the expression of pro fibrotic
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markers a-SMA, TG- 1, and type I collagen genes, upregulate the expression of anti-fibrotic fibroblast growth factor and
VEGF genes, reduce the deposition of type I and III collagen and elastin fibers, improve collagen fiber arrangement, and
prevent scar formation. Moreover, ADSCs can upregulate the expression of TGF-f 3, adjust the ratio of TGF-f1/TGF-p3,
and enhance anti fibrotic effects.*' In summary, ADSCs can regulate extracellular matrix deposition degradation, improve
extracellular matrix structure, and inhibit scar hyperplasia. However, currently, the application of human ADSCs in scars
remains challenging. First, ADSCs require in vitro enzymatic digestion, isolation, amplification, and culture, and cell
safety still needs to be studied. Secondly, ADSCs have unlimited proliferation and multidirectional differentiation
potential, and there may be a risk of teratogenicity or tumorigenesis after implantation into the human body. CEFFE,
which is rich in cytokines and growth factors, can be harvested without in vitro culture, may regard as a preferred
substitute for ADSCs treatment,****

Recently, CEFFE, which was purified from nano-fat by removing cellular components and lipid remnants, has gained
an increasing amount of interest among researchers.'® CEFFE comprises various growth factors that are similar to those
secreted by ADSCs.'? Several studies have investigated the effects of cell-free fat extracts on adipogenesis.**** Lu et al*
showed that fat extracts create a beneficial microenvironment for adipose tissue formation in the adipose tissue

engineering compartment model. Furthermore, Cai et al*°

showed that adipose tissue extract had a remarkable improve-
ment in scar appearance using a rabbit ear hypertrophic scar model, as evidenced by a reduction in the scar elevation
index, more regular collagen fibers, a decrease in the Vancouver scar scale score and expression of a-Smooth muscle
actin, and an increase in the expression of adipogenic markers PPARy and C/EBPa.

Notably, adipocytes were found in the scar dermis of the CEFFE-only groups and combination groups in our study. It
seemed the number of adipocytes in the scar can improve the scar appearance. The results are similar to those reported by
Cai et al.?° Therefore, we hypothesized that adipogenesis is one of the mechanisms involved in the treatment of
hypertrophic scars. In our study, the CEFFE+PRF group obtained the lowest SEI score (1.75 +0.03), indicating a less
prominent superficial scar by injecting CEFFE combined with PRF. Besides, the CEFFE+PRF group showed less
epithelial thickness (0.08 +0.008), less fibroblasts cells (322 +16.1), less capillaries [4.5 (4.0. 5.0)], and more regular
collagen fibers [2 (1,2)] than other groups, suggesting that CEFFE combined with PRF may have a synergistic effect,
which substantially improve the structure and appearance of scar tissue (Figure 4). This is possibly due to the specific
three-dimensional structure of PRF. Unlike platelet-rich plasma, a first-generation platelet concentrate, PRF does not
contain anticoagulants, which enables natural and progressive polymerization during centrifugation. This structure
tremendously facilitates the incorporation of platelets, cytokines and circulating growth factors into the fibrin mesh.
Therefore, PRF markedly prolongs the release time of cytokines and growth factors, which could have long lasting
effects on adipogenesis by more gradually releasing these growth factors.**

Furthermore, Masson’s trichrome staining revealed that the combination group showed more orderly and regular
collagen arrangement, and the least collagen deposition in the CEFFE+PRF group (Figure 3). The mean collagen
organization scores of the CEFFE+PRF group [2 (1,2)] is lower than the CEFFE-only [2 (2,3)], PRF-only [3 (2,3)],
and control groups [3 (3,3)] (p<0.05), indicating more normal organized collagen structure (Figure 4E). These results
suggest that the combination CEFFE and PRF treatment promotes collagen remodeling in scars.

In conclusion, the combination of CEFFE and PRF effectively improved the outcome of hypertrophic scars in our
study. Possible mechanism in regulating scar formation may be the induction of adipogenesis and extracellular matrix
remodeling. Further studies to explicate the potential molecular pathways are warranted.

Conclusion

CEFFE combined with PRF was the most effective treatment for the prevention of hypertrophic scar formation in our
study. This study provides basic research data and a new adipogenic acellular therapy for the clinical management of
CEFFE and PRF in the treatment of hypertrophic scars.
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