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Engineering a keloid-like fibrotic skin-on-a-chip for drug evaluation
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Supplementary Figure 1. Swelling behavior characterization. Time-dependent
swelling profiles of 5% GelMA, 5% GelMA + 1% SA, and 5% GelMA + 0.5% SA +
1% trehalose over 48 h. n = 3 technical replicates.

Supplementary Figure 2. Construct contractility assays. Skin models constructed
with normal-cell in soft hydrogel (N-N-N), keloid-cell in soft hydrogel (K-N-N), and
keloid-cell in stiff hydrogel with TGF-β (K-S-T) were analyzed on day 20. (A)
Quantitative analysis of the percentage of model area relative to the chamber bottom
area. (B) Bright-field images captured at 2× magnification. n = 6 replicate wells.
Scale bar = 2.5 mm (white). **P < 0.01, ****P < 0.0001.



Supplementary Figure 3. Immunohistochemical staining of Pro-Col I in normal skin
tissue and keloid skin tissue, and immunofluorescence staining for Col III (green),
Vimentin (red), α-SMA (green), and nuclei counterstained with DAPI (blue). Scale
bar: 100 μm.

Supplementary Figure 4. Ki67 immunohistochemistry of the skin models at 20× and
40× magnifications. Scale bars: 120 μm (gray); 60 μm (blue).



Supplementary Table 1. Comparison of in vitro keloid models across key
physiological dimensions

Transwell skin
equivalent

Spheroid
model

skin-on-a-chi
p

This work

Cell source keloid patient
derived fibroblast
and keratinocytes,
normal human
fibroblast and
keratinocytes

keloid
patient
derived
fibroblast
and
keratinocyte
s, human
cell lines

human cell
lines or cells
from human
juvenile
prepuce

keloid patient
derived
fibroblast and
keratinocytes

Architecture full-thickness
epidermal-dermal

cell spheroid cell layer full-thickness
epidermal-derma
l

Pathological
biomechanica
l stiffness

No No No Yes

Dynamic
fluid culture

No No Yes Yes

Drug
evaluation
Index

MTT assay Histology,
cytokine,
protein
expression,
gene
analysis

Histology,
inflammation
cytokine,
protein
expression,
metabolic and
gene analysis

Histology,
inflammation
cytokine, fibrotic
protein
expression,
transcriptomic
analysis

Reference 10 13, 14 19, 20, 22, 24,
25



Supplementary Table 2. Characteristics of donors providing primary skin cells
used for model construction
Characteristic Normal Control Donor Keloid Donor

Sex Male Male

Age (years) 45 46

Ethnicity Han Chinese Han Chinese

Tissue source Expanded non-keloid skin Keloid tissue

Anatomical site Neck Back

Clinical condition Non-keloid Keloid

Disease duration N/A 4 years

Symptoms N/A Pruritus

Clinical history Tissue obtained during
reconstructive surgery
following tissue expander
implantation

Developed after excision of a
cutaneous mass; progressively
enlarged
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