
Original Article
Autophagy, not apoptosis, plays a
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Abstract
Background: Sweat secreted by eccrine sweat glands is transported to the skin surface through the lumen. The eccrine sweat gland
develops from the initial solid bud to the final gland structure with a lumen, but how the lumen is formed and the mechanism of
lumen formation have not yet been fully elucidated. This study aimed to investigate the mechanism of lumen formation of eccrine
gland organoids (EGOs).
Methods: Human eccrine sweat glands were isolated from the skin for tissue culture, and the primary cultured cells were collected
and cultured in Matrigel for 14 days in vitro. EGOs at different development days were collected for hematoxylin and eosin (H&E)
staining to observe morphological changes and for immunofluorescence staining of proliferation marker Ki67, cellular motility
marker filamentous actin (F-actin), and autophagy marker LC3B. Western blotting was used to detect the expression of Ki67, F-
actin, and LC3B.Moreover, apoptosis was detected using a terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL)
apoptosis assay kit, and the expression of poly (ADP-ribose) polymerase andCaspase-3 was detected byWestern blot. In addition, 3-
methyladenine (3MA) was used as an autophagy inhibitor to detect whether the formation of sweat glands can be effectively
inhibited.
Results: The results showed that a single gland cell proliferated rapidly and formed EGOs on day 4. The earliest lumen formation
was observed on day 6. From day 8 to day 14, the rate of lumen formation in EGOs increased significantly. The immunofluorescence
and Western blot analyses showed that the expression of Ki67 gradually decreased with the increase in days, while the F-actin
expression level did not change. Notably, the expression of autophagy marker LC3Bwas detected in the interior cells of EGOs as the
apoptosis signal of EGOs was negative. Compared with the control group, the autophagy inhibitor 3MA can effectively limit the
formation rate of the lumen and reduce the inner diameter of EGOs.
Conclusion: Using our model of eccrine gland 3D-reconstruction in Matrigel, we determined that autophagy rather than apoptosis
plays a role in the lumen formation of EGOs.
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Introduction

Eccrine sweat glands are the most important skin
appendages in humans and mammals. They are involved
in a wide variety of important functions, such as body
temperature regulation, secretion, and metabolism. Mor-
phologically, the mature sweat glands are composed of a
secretion portion found in the dermis and a duct that opens
onto the surface of the skin.[1] During the development of
mouse embryo sweat buds, progenitors of sweat glands
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form placodes on the epidermal basal layer and invaginate
into the deep dermis. With further morphological changes
of placodes, the cells at the tips of the sweat buds grow
downward and differentiate into luminal cells and
myoepithelial cells, forming the secretory coiled portion.
The basal cells in the ducts extend upward and reach the
skin surface, forming openings to connect the coil portion
with the outer surface.[2] Previous reports have shown that
the other exocrine organs such as mammary glands and
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salivary glands mainly form cavities through cavitation,
and some branched cells are likely to form lumens through
the hollowing of cell bundles.[3-5] In addition, sweat glands
are one of the important exocrine glands for the transport
of body fluids. The lumen formation mechanism of sweat
glands has not been completely elucidated. Therefore, in-
depth exploration of the progress of related luminal
development has important research value.

The formation and functional reconstruction of three-
dimensional (3D) organ morphology during development
are the ultimate research goals of regenerative biology.[6]

Reconstruction in three dimensions is important for
controlling and designing functional organs in potential
medical applications, such as mammary, pancreatic,
lacrimal, and salivary gland development and differentia-
tion.[7-10] These 3D-reconstitution systems are generated
using strategies based on the common elements of cell
behavior, including cell polarization, migration of tubular
cells to target sites, diversification of cell fate, and
positioning of specialized cells to different areas of the
tubular system.[6,11] A recent studyused a 3D-reconstitution
model by culturingMatrigel-embedded eccrine sweat gland
cells (ESGCs) in vitro or by implanting them into the
subcutis of nude mice and concluded that this model
simulates the development, morphology, and function of
sweat glands in natural form.[12-16] Given that the tubular
organs in the body have varying morphology, the tracking
andanalysis of lumendevelopment in the bodyhave become
quite complicated, making us consider using this model to
study the mechanism of lumen formation in sweat glands.

There are currently twomain views of themechanismmode
of glandular lumen formation: cavitation (driven by cell
death of inner cells) and cell bundle hollowing (driven by
epithelial polarity without cell death).[11] Cavitation means
that in amulticellular cluster, adjacent unpolarized cells can
recover apical–basal polarity, thereby creating a new cavity.
As the plasma membrane and apical membrane separate,
the cells in the central vacuole chamber undergo cell death as
autophagy or apoptosis.When the products of cell death are
gradually absorbed, the formationof the cell lumen isnamed
cavitation. Autophagy and apoptosis usually involve the
process of lumen formation through common forms of
intraluminal cell death. For example, the formation of a
mammary gland lumen during puberty occurs through the
elimination of cells by apoptosis in newly branched
epithelial bundles or newly formed acini, forming cavities.
Cell bundle hollowing is directly established by membrane
separation of polar epithelial cell clusters. In this mode, due
to the coordination of cell division and polarization, an
apical lumen can be formed between the two cells, without
the involvement of hollow cell death.[11] In addition, the
actin cytoskeleton plays a central role in determining cell
shape and polarity, providing structural support, and
promoting cell division and movement. In support of these
functions, the filamentous actin (F-actin) network must
participate in the lumen formation of the 3D-reconstitution
model at the right time and place with the right
organization.[17] Here, to better understand how the initial
lumen of sweat gland placodes is formed in our 3D culture
systems,we analyzed proliferationmarkerKi67and cellular
motility marker F-actin throughout the overall process, and
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also discerned cell death signal markers in the lumen,
including those of autophagy and apoptosis, discovering
that autophagy participated in the formation of the lumen.
To further determine the role of autophagy in the formation
of the lumen, we verified the restrictive effect of autophagy
inhibitors 3-methyladenine (3MA) on the formation of the
lumen, confirming that autophagy rather than apoptosis
plays a role in lumen formationof eccrine sweatorganoids in
3D-reconstruction models.
Methods

Ethical approval

The patients provided informed consent, and this study
was approved by Research Ethics Committee at the Hubei
University of Medicine (No.2020-YH-004). The experi-
ments were performed in accordance with the protocols
approved by the Institute of Wound Repair and Dermato-
logic Surgery.
Primary culture of ESGCs

From June to October 2020, non-cauterized and full-
thickness skin specimens were obtained from 5 patients
undergoing plastic surgery from the Department ofWound
Repair and Dermatologic Surgery of Taihe Hospital. The
sample individuals are all Han Chinese, including 3 males
and 2 females, with an average age of 19.2±3.4 years. The
regions include fingers, abdomens, and arms. The samples
were stored and transported at 4°C once they were excised,
and the storage period was not >8 h when used in
subsequent experimental research.

Human ESGCs were obtained as described previously.[12]

Briefly, the human skin specimens were cut into small pieces
and then were incubated in 0.2% type II collagenase
(Invitrogen 17101015; Invitrogen, Carlsbad, CA, USA) at
37°C for 30 min. After the sweat glands were mechanically
isolated using a pipette tip under a light microscope, eccrine
sweat glandswerepickedandplanted inapetri dish containing
100 mg/mL pre-coated type IV collagen (Sigma Aldrich, St.
Louis, MO, USA). Sweat gland maintenance media consisted
of 1:1 Dulbecco’s modified Eagle’s medium and Ham’s F-12
nutrient mixture (Invitrogen 11330032) supplemented with
2% fetal bovine serum (Invitrogen 10099141), 10 ng/mL
epidermal growth factor (Invitrogen PHF0311), 1% insulin-
transferrin-selenium liquid media supplement (Gibco, Carls-
bad, CA, USA), 0.4 mg/mL hydrocortisone (Sigma H4001),
2 ng/mL triiodothyronine (Sigma T6397), 2 mmmol/L
GlutaMAX, 100 U/mL penicillin, and 100 mg/mL streptomy-
cin sulfate (Invitrogen 15140122). Media for inhibiting
autophagy was replaced with maintenance media with an
extra10mmmol/L3MA(SigmaM9281).All procedureswere
performed under sterile conditions.
Reconstruction of eccrine gland organoids (EGOs) in vitro

The isolated ESGCs (2� 105 per well) were suspended in
500 mL of sweat gland maintenance media and were mixed
with 500 mL Matrigel Basement Membrane Matrix (BD
(BD, Sparks, MD, USA)) on ice. The mixtures were plated
onto six-well plates and were place into a humidified
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incubator at 37°Cwith 5%CO2 for 30min. Twomilliliters
of pre-warmed maintenance medium were added to the
upper layer of the solidified Matrigel. The fresh medium
was replaced every 48 h in the first 7 days and every 24 h in
the last 7 days. EGO images were acquired at� 10
and� 40 resolution with a charge-coupled device-micro-
scope (Leica, Germany) using a brightfield filter.
Hematoxylin and eosin (H&E) and immunofluorescence
staining

The EGOs were washed with cooled phosphate-buffered
saline (PBS) for 5 min and were fixed in 4% paraformal-
dehyde at 4°C for 2 h. After centrifugation at 400�g for
15min, the supernatant was discarded, and the EGOswere
embedded in paraffin. For H&E staining, dewaxed 5 mm
sections were stained with hematoxylin (Solarbio, Beijing,
China) at room temperature (RT) for 3 min, and blue
staining was performed by rinsing in tap water, while
differentiation was achieved by rinsing in 1% acid ethanol.
Counterstaining was performed by rinsing with eosin
(Solarbio G1120) for 30 s, and dehydrationwas performed
by sequential washing with 95% ethanol, followed by
100% ethanol. For immunofluorescence staining, samples
were sectioned and then air-dried for 2 h. The sections were
conventionally dewaxed in xylene, rehydrated through
grades of alcohol to PBS. The sections were retrieved and
the nonspecific sites were blocked, and the sections were
permeabilized with 0.5% Triton X-100 (Beyotime,
Shanghai, China) for 30 min followed by blocking in
5% goat serum (Beyotime, Shanghai, China) for 1 h.
Primary antibodies were incubated at 4°C overnight. The
next day, sections were washed with PBS 3� 5 min,
followed by secondary antibody incubation for 2 h at RT,
washed 3� 10 min with PBS, and then mounted with 40,
6-diamidino-2-phenylindole (Beyotime) with fluorescent
mounting medium for 1 min. All sections were observed
under the fluorescent microscope (Leica) under the
corresponding optical conditions. The immunofluores-
cence primary antibodies used in the article include Ki67
(Abcam ab92742, 1:500; Abcam, Cambridge, MA, UK)
and LC3B from Cell Signaling Technology (cell Signaling
Technology, MA, USA). F-actin signal Actin-Tracker Red-
555 was purchased from Beyotime (C2203S), and the
apoptotic signal was detected using the One Step TUNEL
Apoptosis Assay Kit (C0186) according to the respective
manufacturer’s instructions.
Western blot

The excess medium was removed at different detection
time points, and EGOs were washed and recycled with cell
recovery solution (354253; Corining, NY, USA) according
to the gel solution ratio (1:1, v/v). After the gel components
were completely dissolved, the mixture was transferred
into a tube for centrifugation at 400�g for 10 min. The
pelleted EGOs were resuspended in 1� PBS, and centrifu-
gation was repeated as previously described. The samples
were lysed with cell lysate buffer, and sodium dodecyl
sulphate–polyacrylamide gel electrophoresis was per-
formed with the gradient gel. A semi-dry transfer
apparatus (Bio-rad, Hercules, CA, USA ) was used to
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transfer gel protein onto polyvinylidene fluoride (PVDF)
membranes (88518; Millipore, Billerica, MA, USA) under
24 V for 50 min. The transferred membranes were blocked
in 5% skim milk dissolved in Tris-buffered saline with
0.1% Tween (TBS-T) for 30 min and then washed twice.
Subsequently, PVDF membranes were incubated with
primary antibody for 2 h. After three 10 min washes with
TBS-T, the membranes were incubated with the secondary
antibody for 1 h and were sequentially washed in TBS-T
three times. Finally, the PVDF membranes were exposed
by incubating with an enhanced chemiluminescence
detection kit (Millipore WBKLS0500) for the proper
amount of time and developed in a processing machine
(Koda, Tokyo, Japan) for signal detection. The Western
blots assays were performedmore than three times with the
representative results shown in the [Figure 2C and 3C].
The corresponding antibodies are as follows: Ki67
(Invitrogen SP6, 1:1000), F-actin (Abcam ab130935,
1:500), LC3B (CST 3868T, 1:1000), PARP (CST 9542,
1:1000), cleaved caspase-3 (CST 9664 s, 1:1000), and
loading control glyceraldehyde 3-phosphate dehydroge-
nase GAPDH (Abcam ab181602, 1:1000).
Statistical analysis

Statistical significance was determined using one-way
analysis of variance (ANOVA) for comparisons between
two groups or among multiple groups using GraphPad
Prism, version 8.0 (GraphPad Software, San Diego, CA,
USA). The results were represented as the mean± standard
deviation from independent experiments, and a P value<
0.05 was considered significant.
Results

EGOs developed from the initial solid structure to the final
luminal structure

Organoids are originally established from epithelial stem
cells from multiple adult tissues, simulating the morpho-
logical development process of their respective origin
tissues. In our 3D-reconstruction models, we tracked the
cells resuspended in the culture medium and observed the
appearance of EGOs and the process of lumen formation.
Brightfield, visual field, and H&E staining results showed
that the single cells divided and proliferated from day 0 to
day 4 and continued to self-multiply or migrate to each
other to formmulticellular EGOs [Figure 1A and B].When
the cells underwent sustained proliferation and differenti-
ation from day 4 to day 8, we observed that the EGOs
were spherical, and the spheroid volume was obviously
increased and spatially independent to other EGOs
[Figure 1A and B]. The total number of EGO cells
similarly doubled at day 8 based on the cross-sectional cell
nuclear count results [Figure 1C]. Notably, the internal
cells in individual EGOs began to separate from the
surrounding cells, and our H&E staining results showed
a portion of the rudimentary formation of the lumen
structure with a cellular gap at day 6 [Figure 1B]. In the
later 3D-reconstruction model phase from day 8 to day 14,
the total number of cells in each EGO did not change
significantly, as the volume of the EGO sphere increased
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Figure 1: Morphological changes in 3D-reconstructed eccrine glands at different time points. (A) Formation of EGOs in the brightfield view of 3D-reconstructed eccrine glands cells at days
0, 4, 8, and 14; top: original magnification 10� and bottom: original magnification 40�magnified vision. (B) Lumen formation progress of EGOs by HE staining of 3D-reconstructed eccrine
gland cells. The blue arrows indicate the lumen inside the EGOs. (C) Representative blots of the total number of cells per EGO (n= 12) cross-section. (D) The percentage of the lumen formed
in EGOs at different time points. Representative images and graphics results from three independent experiments of eccrine sweat gland 3D-reconstruction, mean± SD. NS: not statistically
significant; P> 0.05, ∗P< 0.01, †P< 0.0001; white and black scale bars, 50 mm. EGO: Eccrine gland organoid; H&E: Hematoxylin and eosin.
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slightly, and the lumen’s tubular cavity shape was more
recognizable. With the gradual metabolic disintegration of
internal cells in the vacuoles followed by absorption, it was
obvious that a hollow shape similar to a lumen exists in
most EGOs, which increases the proportion of vacuoles
[Figure 1B].
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Formation of EGOs depends on cell proliferation and
polarization-driven membrane separation

To further verify that the antigen expression of EGOs at
different time points is related to proliferation, we
performed immunofluorescence staining of the relevant
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Figure 2: Proliferation and epithelial cell polarization of 3D-reconstructed eccrine glands cells determined the morphological changes. (A) Immunofluorescence analysis of cell proliferation
marker Ki67 and (B) quantification of the positive rate of Ki67 expression in total sweat gland cells (n= 50) at different time points. (C) Western blot analysis showed expression of Ki67,
F-actin, and GAPDH (loading control) at different 3D-reconstructed days in three independent experiments. (D) Immunofluorescence results of cell polarization marker F-actin expression at
different time points. DAPI (blue) stain nuclei. Negative control, the day 14 samples were incubated with PBS instead of primary antibodies during immunofluorescence reactions.
Representative image of the observations in EGOs derived from three independent experiments. Scale bars, 50 mm. DAPI: Diamidino-2-phenylindole; EGO: Eccrine gland organoid; F-actin:
Filamentous actin; PBS: Phosphate-buffered saline.
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antigen expressing Ki67. The results showed that Ki67
expression was higher in the early and mid-term stages of
the 3D remodeling process of eccrine gland cells from day
0 to day 8, as the volume of change was inversely
proportional [Figure 2A]. The results of our analyses on
the positive cells found that the positive rate gradually
decreased with the culture time [Figure 2B], and the
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Western blot results also proved that the expression of
Ki67 in the EGO total protein was significantly reduced
[Figure 2C]. For an illustration of the epithelial cell-driven
polarization in the participating EGOs formation, the
key factor in the process of cluster morphology changes,
F-actin, was also analyzed to study cell polarization
movement protein expression. Although there was little
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difference in the F-actin expression level of the Western
blot assay during the 14-day culture cycle, the results of the
immunofluorescence experiment showed that F-actin was
significantly expressed in the whole cell cluster, specifically
on the formed spherical surface before the EGO lumen
formation from day 2 to day 4. After day 6, F-actin
accumulated on the surface of the inner membrane of
EGOs, and we clearly observed that the nuclei of the
peripheral cells of the EGOs were gradually flattened with
the spherical body, causing the internal cavity to further
expand to form a structure similar to a lumen [Figure 2C
and D]. These results indicate that cell polarization
movement was involved in the separation of the inner
cells of early EGOs.
Autophagy, not apoptosis, induces lumen formation

We questioned whether cell death accompanied by
metabolic decomposition initiates the formation of EGO
lumens. Therefore, two cellular death modes, autophagy
and apoptosis, were tested separately in our 3D-recon-
struction time points. We performed immunohistochemis-
try on paraffin sections prepared from day 2 to day 14 and
found a positive LC3B signal in EGO internal cells where
the TUNEL signal was negative. In ourWestern blot assay,
the high expression of cell autophagy marker LC3B
together with the absence of signaling of apoptotic cells
(cleaved PARP and cleaved Caspase-3) within EGOs
demonstrated that autophagy was identified as the main
cell death mode mechanism [Figure 3A–C]. The increased
autophagy ratio was detected from day 8 to day 14, and it
was essentially the same as the time it took for EGOs to
form lumens [Figure 3D]. During this time period, the
proportion of apoptotic EGOs failed to increase signifi-
cantly, indicating that apoptosis was not involved in the
process of EGO lumen formation. Subsequently, to further
verify the important role of internal cell autophagy in the
formation of lumens in EGOs, we added autophagy
inhibitor 3-MA to the initial Matrigel and conditioned
medium to detect whether it could inhibit the formation of
lumens in a limited manner. The results of immunofluo-
rescence staining showed that LC3B-positive cells de-
creased after treatment with 3-MA of a 3D culture at day
14 [Figure 4A]. A recognizable morphological change was
also observed bymeasuring EGOs external diameter D and
inner lumen diameter L [Figure 4B]. Although 3-MA has
almost no effect on the average outer diameter of EGOs, an
increase in lumen diameter was observed without adding
inhibitor 3-MA [Figure 4C], confirming that autophagy of
cells plays an important role in the formation of lumen
structures in EGOs.
Discussion

Establishing sweat gland cell 3D-remodeling in Matrigel
and exploring the mechanism of sweat gland lumen
formation are essential for a better understanding of the
basic process of sweat gland development and the
relationship between lumen functional differentiation
and sequential structure in vivo.[6] In this work, we have
described the temporal progression of the biological events
such as cell migration, proliferation, and polarization that
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contribute to the morphogenesis of a lumen structure in
vitro and have confirmed that autophagy is involved in the
clearance of inner cells of EGOs during lumen formation
[Figure 4D]. Before the lumen was formed, the sweat gland
cell monomer divided and proliferated to form a
multicellular structure, and these multimers migrated to
the border to fuse with each other, thereby forming an
EGO. Since the cells inside the EGOs cannot access the
nutrients of the Matrigel and conditioned medium, the
programmed cell death caused by abnormal metabolism
could create a cavity at the center of each EGO. With the
further polarization movement of the living cells in the
inner layer, a circular or spherical vacuole structure similar
to a glandular lumen was formed in the center of the
cluster. Our previous studies have shown that a structure
similar to the sweat gland lumen could be observed when
subcutaneously cultured in the groin of nude mice with 3D
Matrigel.[18] Our studies also showed similar expression
and distribution of multiple antigens such as S100P,
S100A2, alpha-smooth muscle actin, and nerve fiber
markers protein gene product 9.5 (PGP 9.5), which
confirmed that the lumen formed in the process of
culturing sweat gland cells corresponds to the construction
of the early sweat gland lumen in the body.[16,19]

Therefore, we can infer that the lumen structure in our
EGOs is similar to the primary structure of sweat gland
ducts in body development.

Due to specific interactions between the extracellular
matrix (ECM) and neighboring cells, the inner cells of
EGOs underwent a distinct fate decided by a particular
location. Anoikis, a form of apoptosis caused by
inappropriate cell/ECM interactions, has been reported
in the formation of the lumen during the development of
various secretory glands such as mammary and salivary
glands.[20,21] However, our TUNEL staining and immu-
nohistochemical staining of Caspase-3 results (data not
shown) do not show an evident apoptotic signal generating
internal EGOs during the entire 14 days. The autophagy
signal of cells in the lumen suggests that the formation of
the lumen may not be directly related to the apoptosis of
internal cells. It is worth noting that Debnath et al[22]

recently proved that the inhibition of apoptosis through
the ectopic expression of the anti-apoptotic protein Bcl-2
cannot terminate the formation of the lumen, which
indicated that the induction of autophagy contributed to
the survival of epithelial cells during oxygen-deficient
environment in the 3D hollow formation. In addition,
multiple research results have shown that autophagy
protects cells exposed to various forms of stress, including
nutrient deprivation, growth factor regression, endoplas-
mic reticulum stress, and ischemia.[23-25] In the later stage
of our 3D-reconstruction system culture, each EGO is
composed of multiple layers of cells (similar to the two
layers of the sweat gland lumen in the body),[2] and the
formation of hollowing cells was more common in
monolayer cell columns. The hollowing form was usually
seen in the early stage of formation of the lumen of blood
vessels and the formation of the intestinal lumen of
zebrafish, and these developmental processes were gener-
ally not accompanied by cell death.[26,27] In our studies,
inner cell autophagy participated in the formation of the
lumen, and other reports also indicated that the formation

http://www.cmj.org


Figure 3: Autophagy, not apoptosis, causes the formation of EGO lumens. (A) Immunofluorescence analysis of the expression of the LC3B cell autophagy marker at different time points.
Each white circle is independently marked to represent an integrated EGO. Gray scale bars, 20mm. (B) The TUNEL assay was analyzed by staining the apoptotic index cell in the field. The red
arrows indicate positive cells. The positive control comes from the positive standard sample by the reagent kit. White scale bars, 50 mm. (C) Western blot analysis showing the expression of
LC3B (autophagy marker), PARP, and cleaved caspase-3 (apoptosis markers) in 3D-reconstructed EGOs at days 0, 8, and 14. PC, positive control, induce by 10 nmol rapamycin for
autophagy and 200 ng/mL TNF-related apoptosis-inducing ligand (TRAIL) for apoptosis respectively at 3D-reconstructed day 0. (D) Quantitation of the proportion of autophagic and apoptotic
positive cell organoids in total EGOs at different time points. The values shown are the mean ± SD from three different experiments. NS:not statistically significant; P> 0.05,

∗
P< 0.001;

EGO: Eccrine gland organoid.
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Figure 4: Autophagy inhibitor 3MA can limit the formation of sweat gland organoid cavities. (A) Immunofluorescence analysis of the expression of LC3B at day 14 treated with 10 mmol/L
autophagy inhibitor 3MA. Each white circle is independently marked to represent an integrated sweat gland organoid. The yellow arrows indicate the expression of the autophagy marker
LC3B in the lumen. Scale bars, 20mm. (B) Reference pattern of length was measured across an EGO as indicated by the yellow arrow, D, diameter, and red arrow, L, lumen. (C) Quantification
of the average size of diameter and inter lumen of EGOs (n= 12) treated with or without autophagy inhibitor 3MA. The values shown are mean ± SD from three different experiments. NS (not
statistically significant), P> 0.05,

∗
P< 0.001. (D) Schematic representation of the lumen formation during 3D-reconstructed eccrine glands cells in vitro. Autophagy of inner cells

synergized with the polarized movement of outer cells to promote the lumen formation of EGOs. 3MA: 3-methyladenine; EGO: Eccrine gland organoid.

Chinese Medical Journal 2022;135(3) www.cmj.org
of the glandular lumen is mostly accompanied by apoptosis
or autophagy. In summary, the polarized and flat outer
layer of cells surrounded the cells in the inner center layer
by layer, resulting in insufficient nutrition of the inner cells
and further autophagy.

Our 3D-reconstruction lumen formation model cannot
spatiotemporally imitate the luminal form of sweat glands
in the body as placode invagination, and the results of our
immunofluorescence experiment to identify LC3B failed to
stain the autophagy signal around the basal cells in the
embryonic base from mouse sweat gland duct formation
period of E15 to P5 (data not shown). Nevertheless, Diao
et al[28] reported that sweat gland organoids that were
formed from epithelial cells from the dermal sweat glands
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of adult mouse paw pads embedded in Matrigel can
effectively restore the ductal morphology and sweat
secretion function of sweat glands after transplantation
into the paws of mice with damaged sweat glands. On the
other hand, in our experimental system, the autophagy
inhibitor 3-MA can effectively inhibit the occurrence of
autophagy in the lumen andmake the inner diameter of the
lumen smaller, showing that autophagy is directly related
to the formation of the lumen. These results indicate that
the 3D model has certain significance.
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