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Abstract. The present study was conducted to examine the 
feasibility of in vitro isolation and primary culture of smooth 
muscle cells (SMCs) from the esophagogastric junction (EGJ). 
Smooth muscles of EGJ were harvested from 23 patients with 
esophageal cancer during esophagostomy from January 2015 
to December 2017. Enzymatic dispersion (ED) was performed 
for isolation. Collagenase II and Trypsin/EDTA were applied 
by enzyme injection (EI) into tissue fragments or immersion of 
tissue fragments into enzyme solution. Growth characteristics 
and proliferation [Cell Counting Kit-8 (CCK-8)] of cells were 
recorded for both smooth muscle cell medium (SMCM) 
and DMEM/F12 containing 10% newborn bovine serum 
(10%-F12). All ED methods could isolate primary cells; 
EI was the most effective method with low collagenase II 
concentration (0.5 mg/ml) at 4˚C for 14‑24 h. Primary cells 
demonstrated mainly spindle- and long-spindle-shaped with 
‘hills and valleys’ morphology. The CCK-8 assay in SMCM 
showed better proliferation results than in 10%-F12. After 
passaging for 4-8 generations in SMCM or 2-4 generations 
in 10%-F12, cells enlarged gradually with passages and lost 
spindle structures. mRNA and proteins of α-smooth muscle 
actin (α-SMA), smooth muscle 22 α (SM22α), vimentin, 
desmin, CD90 and proliferating cell nuclear antigen were 
detected in tissues and cells with different levels of expression. 
SMCs of esophageal circular muscle, esophageal longitudinal 
muscle, gastric circular muscle near sling in gastric bottom and 
gastric circular muscle near clasp in lesser gastric curvature, 

all cultured in 10%-F12, exhibited superior smooth muscle 
phenotypes compared with SMCs cultured in SMCM in terms 
of α-SMA, SM22α and vimentin expression. The EI method 
of ED at low temperature appears effective for isolation and 
primary culture of SMCs from human EGJ in vitro.

Introduction

Primary culture of smooth muscle cells (SMCs) is an 
established method in the study of vascular physiology and 
pathophysiology (1-3). Many researchers have performed 
primary culture of human gastrointestinal/esophageal 
SMCs (4-6); enzymatic dispersion (ED) is the most common 
method. At least two enzymes with one or two processes/steps 
were typically used in previous studies (7-10); however, to the 
best of the authors' knowledge, there are no corresponding 
established or systematic processes of SMC culture in the 
digestive system, including detailed identification using 
smooth muscle markers. Gargus et al (7), Rieder et al (11) 
and Niu et al (12) introduced processes for primary culture 
and identification of human esophageal SMCs and fibroblasts 
in vitro; however, these processes are relatively complicated 
and lack detailed identification methods.

Collagenase II is one of the most commonly used enzymes 
in the isolation of primary SMCs (3,8,11,13). Immersing 
tissue fragments directly in collagenase solution for 0.5-6 h 
at 37˚C is the most common isolation method (7,9,11,12). In 
contrast to the traditional method, in the present study, smooth 
muscles were collected from the tumor-free esophagogastric 
junction (EGJ) of patients with esophageal carcinoma and the 
traditional method was improved by using an enzyme-injected 
(EI) method for SMC isolation at low temperature (4˚C) for an 
extended duration (14-24 h). Through comparative observa-
tion, it was identified that it was effective in isolating more 
adherent spindle cells and that the cells could proliferate 
in vitro for 3-8 generations of SMC primary culture, as 
indicated by identification with smooth muscle markers, 
including α-smooth muscle actin (α-SMA) (13-15), smooth 
muscle 22 α (SM22α) (14-16), vimentin (7,8), desmin (7,17) 
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and CD90 (7,18). The present study identified improved 
processes for in vitro culture of SMCs obtained from the 
digestive tract and established a foundation for the study of 
primary esophageal motility disorders (PEMDs), gastro-
esophageal reflux diseases (GERDs) and tissue engineering of 
the esophagus.

Materials and methods

Patients and specimens. The present study was approved by 
The Medical Ethics Committee of The Fourth Hospital of 
Hebei Medical University. Informed consent was obtained 
from the patients or their authorized relatives. Smooth muscles 
of EGJ were obtained from patients diagnosed at the Thoracic 
Department, Fourth Hospital of Hebei Medical University 
undergoing esophagectomy for upper esophageal carcinoma. 
Patients had no symptoms of heartburn and regurgitation, 
nor had any medical history of esophageal dysfunction or 
treatment with calcium channel blockers. A total of 23 patients 
agreed to provide tissue specimens for the present study during 
the period from January 2015 to December 2017, including 
15 men and 8 women with a mean age of 60.26±6.32 years; 
range, 49-71 years.

EGJ tissues were removed during surgery (19). Through 
examination of muscle fibers, esophageal circular (EC) 
muscle, esophageal longitudinal (EL) muscle, sling fiber 
(Sling), clasp fiber (Clasp), gastric circular muscle near sling in 
gastric bottom (GC-S) and gastric circular muscle near clasp 
in lesser gastric curvature (GC‑C) were identified. Smooth 
muscles were prepared in 5-15x5-10 mm strips. Samples 
from the same patient were divided into three parts: i) One 
part was used for isolation of SMCs and was quickly placed 
into a 1.5 ml Eppendorf tube with 1 ml DMEM/F12 (Thermo 
Fisher Scientific, Inc.) and 200 µl penicillin/streptomycin 
(P/S) solution (Biological Industries); ii) another was used for 
immunohistochemistry (IHC) and was immediately immersed 
in 10% neutral formalin at room temperature for 8-12 h; and 
iii) one was used for reverse transcription-quantitative PCR 
(RT-qPCR) and was immersed in RNAlater (Thermo Fisher 
Scientific, Inc.) and stored at ‑80˚C.

Hematoxylin and eosin (H&E) staining. Smooth muscles 
immersed in 10% neutral formalin were embedded in 
paraffin, and were cut into 4‑µm sections for H&E staining 
Following deparaffinization in xylene and hydration in 
descending concentrations of alcohol, sections were stained 
in hematoxylin for 3 min followed washing in running tap 
water. Sections were differentiatedin 1% HCl in 70% alcohol 
for 30 sec. Sections were then dipped in 0.6% ammonia water 
followed by washing in tap water until the nuclei were stained 
blue. Following staining in 1% eosin for 3 min and a tap water 
wash, sections were dehydrated in increasing concentrations of 
alcohols and cleared in xylene. Two pathologists measured the 
morphology of SMCs in these sections. SMCs were observed 
in bundles without heteromorphism under a light microscope 
(TE2000-U; Nikon Corporation) at x200 magnification. 
Eosinophilic cytoplasms were stained pink. The nuclei were 
oval, without heteromorphism or mitosis. No tumor cells were 
contained in smooth muscle tissues.

Primary culture of SMCs: EI method of ED. Smooth muscle 
strips were cut into 5-8x5 mm fragments and soaked in 
collagenase II (Vetec™; Sigma-Aldrich; Merck KGaA) 
DMEM/F12 solutions with concentrations of either 0.5 mg/ml 
or 1 mg/ml were mixed with ≥125 CDU/mg collagenase II. 
The solution volume was 5-6-fold greater than the tissue 
volume. DMEM/F12 mixed with collagenase II (0.1-0.2 ml) 
was injected into the fragments, which were then digested at 
4˚C for 14‑24 h. A total of 400‑600 µl newborn bovine serum 
(NBS; Biological Industries) was mixed into the solution 
to terminate digestion with soft suction piping for 5 min to 
isolate cells. Following filtration by sieving through a nylon 
net (200‑µm aperture), the filtrate was centrifuged at 100 x g 
for 5 min at room temperature. The resulting precipitate 
was suspended with 1 ml smooth muscle cell medium 
(SMCM; ScienCell Research Laboratories, Inc.) and placed 
in six-well plates pre-layered with 0.1 mg/ml poly-L-lysine 
(Sigma-Aldrich; Merck KGaA). Cells were placed in a humidi-
fied incubator with 5% CO2 at a temperature of 37˚C. After 
48 h, the wells were gently flushed with PBS and 2 ml SMCM 
was added. This constituted the EI method. Primary cells were 
dispersed with 0.25% Trypsin/EDTA and sub-cultured in two 
flasks when cells were closely arranged and crowded. The 
number of days during primary cell adherence to sub-culture 
with 0.25% Trypsin/EDTA was defined as the first passage 
day (FPD).

These two groups described, in which 0.5 mg/ml or 
1 mg/ml collagenase II solution was injected into the tissues at 
4˚C, were defined as the 0.5‑EI‑4 group and the 1‑EI‑4 group, 
respectively. Other conditions were modified to compare 
with the two groups. First, smooth muscles were cut into 
1‑3x1‑3 mm fragments, then digested at 37˚C with 1 mg/ml 
collagenase II solution for 1 h (1-C-37 group), or digested 
at 4˚C with 0.5 mg/ml collagenase II solution for 14‑24 h 
(0.5-C-4 group). These comprised two traditional methods 
to isolate SMCs in vitro. Second, smooth muscles were cut 
into 1‑3x1‑3 mm fragments, then digested at 37˚C with 0.25% 
Trypsin/EDTA for 1 h (0.25‑T‑37 group), or digested at 4˚C 
with 0.125% Trypsin/EDTA for 14-24 h (0.125-T-4 group), to 
test whether Trypsin/EDTA was effective for ED of SMCs.

After 72 h, the number of visible adherent cells per field 
were visualized under a light microscope (TE2000-U; Nikon 
Corporation) at x200 magnification. The FPD was used to 
evaluate the effectiveness of each method. The most effective 
method was selected for subsequent experiments.

Cell culture and proliferation test. Cells were passaged and 
continuously cultured in SMCM (the second generation 
of SMCM cultured cells), or replaced with DMEM/F-12 
containing 10% NBS (10%-F12; the first generation of 
10%‑F12 cultured cells). Cells were defined as ED (SMCM) 
and ED (10%-F12) as cultured by SMCS and 10%-F12, 
respectively.

The third generation of cells cultured in SMCM and the 
second generation of cells cultured in 10%-F12 were tested for 
proliferation. Cells were cultured in 3 wells of 96-well plates 
with 2x103 cells/well. According to the manufacturer's protocol 
of the Cell Counting Kit-8 (CCK-8; Dojindo Molecular 
Technologies, Inc.), the absorbance of each well per 24 h was 
continuously measured over 9 days (216 h).
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Identification of SMCs. SMCs were identified by the expres-
sion of the following markers: α-SMA, SM22α, vimentin, 
desmin and CD90. Proliferation potential was evaluated by 
proliferating cell nuclear antigen (PCNA) (20-22). The third 
generation of cells cultured in SMCM and the second genera-
tion of cells cultured in 10%-F12 were tested.

IHC. IHC and scoring were conducted as described for smooth 
muscles (23). Two pathologists, blinded to tissue details, 
measured the extent of marker expression. Expression was 
scored as follows: 9-12, strong; 5-8, moderate; 1-4, weak; and 
0, negative. Detailed antibody information is presented in 
Table I.

RT‑qPCR. Total RNA was extracted using TRIzol® (TriQuick 
Reagent total RNA extraction kit; Invitrogen; Thermo Fisher 
Scientific, Inc.) and phenol‑chloroform extraction, using either 
frozen muscle samples or cultured cells (that were grown to 
the third generation in SMCM and the second generation 
in 10%‑F12). The integrity of the RNA was verified by 2% 
agarose gel electrophoresis and ethidium bromide staining 
at 160 V for 15 min. In total, 3 µg total RNA was reverse 

transcribed with random hexamers using a Thermo RT kit 
(Thermo Fisher Scientific, Inc.) and a Veriti PCR system 
(Thermo Fisher Scientific, Inc.). The following heat cycle was 
used for RT: Annealing at 25˚C for 5 min extension at 42˚C for 
1 h and reverse transcriptase inactivation at 70˚C for 5 min. 
Samples were subsequently stored at 4˚C.

Each real-time PCR reaction comprised 2 µl RT product, 
5 µl SYBR Green qPCR Super Mix (Thermo Fisher Scientific, 
Inc.), 0.8 µl mixture of forward and reverse primers at 
100-fold dilution, and 2.2 µl nuclease-free water. Reactions 
were performed in an ABI 7500 Real-Time PCR System 
(Thermo Fisher Scientific, Inc.) for 40 cycles (95˚C for 30 sec, 
optimum temperature for 30‑40 sec and 72˚C for 30‑40 sec). 
In the present study, each group was treated as an independent 
sample (not paired samples), and the expression level of smooth 
muscle markers in EGJ smooth muscles and cells cultured 
in vitro was not clear. The purpose of the present study was 
to clarify the characteristics of the expression levels of smooth 
muscle markers in EGJ smooth muscles and cells cultured 
in vitro, rather than to standardize or homogenize them to 
compare the expression level of one gene to the others, so there 
was no blank control group and the fold change in expression 

Table I. Catalog numbers and dilutions of antibodies used in the present study.

A, Primary antibody

Name Supplier Cat. no. Dilution Application

Mouse anti-α-SMA  Abcam  ab7817 1:100 IHC, IF
Rabbit anti-α-SMA Abcam ab124964 1:100 IF, ICW
Rabbit anti-vimentin Abcam ab92547 1:100 IHC, IF, ICW
Goat anti-desmin Santa Cruz Biotechnology, Inc. sc-7559 1:100 IF
Mouse anti-desmin Santa Cruz Biotechnology, Inc. sc-23879 1:50 IHC, IF, ICW
Mouse anti-CD90  Abcam ab181469 1:200 IHC, IF, ICW
Rabbit anti-SM22α Abcam ab14106 1:100 IHC, IF, ICW
Mouse anti-PCNA  Abcam ab29 1:200 IHC, IF, ICW
Mouse anti-GAPDH  Abcam ab8245 1:500 IF, ICW
Rabbit anti-GAPDH  Abcam ab181602 1:500 IF, ICW

B, Secondary antibody

Name Supplier Cat. no. Dilution Application

Goat anti-rabbit/mouse IgG Servicebio, Beijing, China GB1210 Ready to use IHC
Donkey anti-mouse IgG 647  Abcam ab150107 1:200 IF
Donkey anti‑rabbit IgG 488  Thermo Fisher Scientific, Inc. ‑A‑21206 1:200 IF
Donkey anti-goat IgG 555 Abcam ab150130 1:200 IF
Goat anti-rabbit IgG 549 KPL, Inc. 072-04-15-06 1:200 IF
Goat anti-mouse IgG 488 KPL, Inc. 072-03-18-06 1:200 IF
Goat anti-mouse IgG IRDyeR Rockland Immunochemicals,  25340 1:5,000 ICW
800CW Inc.   
Donkey anti-rabbit IgG Abcam ab175772 1:5,000 ICW
(Alexa Fluor® 680)    

α-SMA, α‑smooth muscle actin; PCNA, proliferating cell nuclear antigen; IHC, immunohistochemistry; IF, immunofluorescence; ICW, in‑cell 
western.
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of each gene was calculated using the 2-ΔΔCq method (24-26), 
with GAPDH as an internal control. Primer information is 
presented in Table II.

Immunofluorescence. Cells were fixed with 4% paraformal-
dehyde for 30-60 min at room temperature. After permeation 
with 0.3% (v/v) Triton X-100 (Sigma-Aldrich; Merck KGaA) 
for 5 min and blocking with 5% BSA-PBS for 1 h at room 
temperature, cells were incubated with primary antibodies 
for 12 h at 4˚C; they were then washed three times with PBS. 
Cells were incubated with Secondary antibodies for 1 h at 
room temperature to visualize the binding of anti-α-SMA, 
anti-SM22α, anti-vimentin, anti-desmin, anti-CD90 and 
anti-PCNA antibodies. Nuclear staining was performed with 
4',6'-DAPI (Sigma-Aldrich; Merck KGaA) for 5 min at room 
temperature. The images were viewed using a confocal laser 
scanning microscope (LSM 510; Zeiss AG) at x200 magnifi-
cation. Detailed antibody information is presented in Table I.

In‑cell western. Cells (6-8x103/200 µl/well) were transferred 
to black 96-well plates (cat. no. 3603; Corning, Inc.) at 
room temperature during the process of subculture. After 
adherence for 6 h, the medium was removed. Experimental 
procedures were performed as described in a previous 
study by Henrich (27). Using the concentrations shown in 
Table I, primary antibodies (mouse/rabbit) and anti-GAPDH 
(rabbit/mouse) were premixed together in 2% BSA-PBS. 
The dilutions of goat anti-mouse IgG 800 (cat. no. 25340; 
Rockland Immunochemicals, Inc.) and anti-rabbit IgG 
680 (cat. no. ab175772; Abcam) antibodies were 1:5,000, 
premixed in 2% BSA-PBS. After the final washes, plates 
were scanned on the Odyssey Imaging System (UL3101-1, 
LI-COR Biosciences) using the ‘In-Cell Western’ mode to 
capture relative fluorescence in each channel. The formula of 
relative protein expression was as follows: Relative expression 

of target protein = Fluorescence intensity of target protein 
(700/800)/Fluorescence intensity of GAPDH (800/700).

Statistical analysis. Statistical analysis was conducted with 
SPSS 13.0 (SPSS, Inc.). For measurement data with normal 
distribution and variance, samples are presented as the 
mean ± SD in tables or histograms and standard deviations 
in figures. A total of two independent samples t‑tests were 
used in two group comparisons, and one-way ANOV followed 
by Student-Newman-Keuls post-hoc test was performed for 
multiple group comparisons. Measurement data that were 
neither normal nor homogeneous were recorded as median 
(interquartile range) in tables or box plots in figures (28‑30), 
followed by Wilcoxon rank sum test (31). Box plots can be 
selected for normal and non-normal distribution data with 
distribution characteristics, including the median, the approxi-
mate quartiles, and the lowest and highest data points to convey 
the level, spread and symmetry (28). For IHC staining (count 
data), specimens were evaluated as strong, moderate, weak or 
negative expression, without further statistical comparison. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Patient information. General information on patient charac-
teristics is shown in Table III.

ED with tissue fragments. In the present study, all types of 
ED methods could isolate adherent cells that grew in culture. 
There were no differences in morphology among cells 
obtained by these methods. Therefore, both collagenase II 
and Trypsin/EDTA can be selected as working enzymes 
for the ED method of SMC isolation. Cells were spindle- or 
long‑spindle‑shaped and some were rod‑like. Few fibroblasts 

Table II. Primer information.

Gene Direction Sequence, 5'‑3' AT, ˚C Products, bp

α-SMA F GCGACCCTAAAGCTTCCCAG 60 145
 R TTCTTGGGCCTTGATGCGAA  
Vimentin F GAGAACTTTGCCGTTGAAGC 59 170
 R TCCAGCAGCTTCCTGTAGGT  
Desmin F GATCCAGTCCTACACCTGCG 58   96
 R TCACTGGCAAATCGGTCCTC  
CD90 F AAGAGCAGACCTTCTCTGGGTC 59 313
 R GCGGCTGCAGCTACAATCAA  
SM22α F AACAGCCTGTACCCTGATGG 61 239
 R CGGTAGTGCCCATCATTCTT  
PCNA F GTAGTAAAGATGCCTTCTGGTG 60 190
 R TCTCTATGGTAACAGCTTCCTC  
GAPDH F CGCTGAGTACGTCGTGGAGTC - 172
 R GCTGATGATCTTGAGGCTGTTGTC  

α-SMA, α-smooth muscle actin; SM22α, smooth muscle 22 α; PCNA, proliferating cell nuclear antigen; F, forward; R, reverse; AT, annealing 
temperature.
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were observed with long pseudopods. Many nonadherent or 
unstretched cells remained floating in the medium at 2 days 
before flushing (Fig. 1A).

In 6 patients, primary cells isolated from six types of 
smooth muscles did not adhere to the bottom of 6-well plates, 
leading to cell counts of 0. There was no statistical difference 
in Cells/200x between groups 0.5-EI-4 and 1-EI-4 (P=0.994), 
but Cells/200x of groups 0.5-EI-4 and 1-EI-4 were greater than 
those of the other four groups (P<0.001, P=0.009, P<0.001 and 
P<0.001 for 0.5-EI-4 compared with 1-C-37, 0.5-C-4, 0.25-T-37 
and 0.125-T-4, respectively; P<0.001, P=0.004, P<0.001 and 
P<0.001 for 1-EI-4 compared with 1-C-37, 0.5-C-4, 0.25-T-37 
and 0.125-T-4, respectively). FPD was significantly earlier 
in 0.5‑EI‑4 compared with the other five groups (P=0.024, 
P<0.001, P<0.001, P<0.001 and P<0.001 for 0.5-EI-4 compared 
with 1-EI-4, 1-C-37, 0.5-C-4, 0.25-T-37 and 0.125-T-4, respec-
tively), and it was earlier in 1-EI-4 compared with 1-C-37, 
0.5-C-4, 0.25-T-37 and 0.125-T-4 (P<0.001, P<0.001, P<0.001 
and P<0.001, respectively; Fig. 1B; Table IV). Therefore, 
it was effective to use a single enzyme to isolate primary 
cells, both for collagenase II, the most commonly used tool 
for primary cell isolation, and for Trypsin/EDTA, the most 
commonly used digestive enzyme in the laboratory. The most 
efficient ED method in the present study was EI digested with 

collagenase II at low temperature (4˚C) and low concentration 
(0.5 mg/ml) for an extended period (14-24 h). According to 
these results, 0.5-EI-4 was the most effective method and cells 
obtained from 0.5-EI-4 were used in the subsequent studies.

Growth and proliferation of cells. Cultured cells could be 
dispersed with 0.25% Trypsin/EDTA in 40-100 sec at room 
temperature, then sub‑cultured in two flasks, so that the spindle 
cells were relatively sparse, leaving space between them for 
cell proliferation (Fig. 2A-a). The primary cells could grow 
and proliferate in SMCM, but merely survived in 10%-F12. 
The proliferation test (n=7) showed typical ‘S-shaped curves’ 
in SMCM, but not in 10%-F12 (Fig. 2A-b).

Cells cultured in vitro grew in a uniform direction with 
‘hills and valleys’ morphology (Fig. 2B-a). Different morpho-
logical types could coexist in cultures obtained from the same 
tissue. Dominant cells were spindle- or long-spindle-shaped; 
some were rod-like or besom-like, and pseudopods differed 
among cells (Fig. 2B-b). As the number of passages increased, 
cells would gradually enlarge and deform from spindle-like to 
irregular morphology (Fig. 2B‑c). In the first generation, the 
crowded cells were spherical multicellular nodules, surrounded 
in a layered fashion. Cells cultured in SMCM lost spindle-like 
morphology in the fourth to eighth generations [the median 

Table III. Patient information.

 Smooth Cell generations
Patients  Age muscle  Primary ------------------------------------- Proliferation    In-cell
number Sex (years) species H&E culture SMCM 10%‑F12 test IHC RT‑qPCR IF western

  1 M 57 6 Yes Yes 6 2 - - - - -
  2 M 63 6 Yes Yes 7 3 - - - - -
  3 F 65 6 Yes Yes 5 4 - - - - -
  4 M 67 6 Yes Yes 6 3 - - - - -
  5 F 69 6 Yes Yes 5 3 - - - - -
  6 M 57 6 Yes Yes 4 4 - - - - -
  7 F 50 6 Yes Yes 7 3 - - - - -
  8 M 71 6 Yes Yes 5 3 Yes - - - -
  9 M 68 6 Yes Yes 6 4 Yes - - - -
10 M 62 6 Yes Yes 5 3 Yes - - - -
11 F 56 6 Yes Yes 6 4 Yes - - - -
12 M 64 6 Yes Yes 6 4 Yes - - - -
13 F 57 6 Yes Yes 7 3 Yes - - - -
14 F 60 6 Yes Yes 5 3 Yes - - Yes -
15 M 64 6 Yes Yes 6 4 - Yes Yes Yes Yes
16 M 51 6 Yes Yes 8 3 - Yes Yes Yes Yes
17 M 62 6 Yes Yes 4 3 - Yes Yes Yes Yes
18 M 49 6 Yes Yes 7 4 - Yes Yes Yes Yes
19 M 58 6 Yes Yes 8 4 - Yes Yes Yes Yes
20 F 63 6 Yes Yes 6 2 - Yes Yes Yes Yes
21 M 66 6 Yes Yes 7 3 - Yes Yes Yes Yes
22 F 56 6 Yes Yes 5 4 - Yes Yes Yes Yes
23 M 51 6 Yes Yes 6 3 - - - - -

M, male; F, female; H&E, hematoxylin and eosin staining; SMCM, smooth muscle cell medium; 10%‑F12, DMEM/F‑12 containing 10% 
newborn bovine serum; IHC, immunohistochemical staining; IF, immunofluorescence; RT‑qPCR, reverse transcription‑quantitative PCR.
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number of cell passages (interquartile range) was 6.0 (2.0) 
generations and the maximum and minimum values were at 

generations 8 and 4, respectively]; this change occurred in the 
second to fourth generations of 10%-F12 cultures [the median 

Figure 1. Primary cells of esophagogastric junction obtained by ED. (A) Primary cells obtained by 1-EI-4 as an example after 36 h of adherence. Cells showed 
equal background distribution and scattered cell fragments after adherence. Most cells were spindle- or long-spindle-shaped but not uniform as some were 
rod‑like. Few fibroblasts could be seen with long pseudopods. Magnification, x200; scale bar, 200 µm. (B) Comparison of different ED methods to obtain 
primary cells (from 23 patients). There were no statistical differences in visible adherent cells per field of microscope (magnification, x200; Cells/200x); 
0.5‑EI‑4 was statistically different from both 0.5‑C‑4 and 0.25‑T‑37 in the first passage day. aP<0.05 vs. 0.5-EI-4; bP<0.05 vs. 1-EI-4; cP<0.05 vs. 1-C-37; 
dP<0.05 vs. 0.5‑C‑4. ED, enzymatic dispersion. Clasp, clasp fiber; Sling, sling fiber; EC, esophageal circular; EL, esophageal longitudinal; GC‑S, gastric 
circular muscle near sling in gastric bottom; GC-C, gastric circular muscle near clasp in lesser gastric curvature; EI, enzyme injection; C, collagenase II; 
T, Trypsin; 0.5‑EI‑4, 0.5 mg/ml collagenase II solution injected into tissues at 4˚C; 1‑EI‑4, 1 mg/ml collagenase II solution injected into the tissues at 4˚C; 
1‑C‑37, digested at 37˚C with 1 mg/ml collagenase II solution; 0.5‑C‑4, digested at 4˚C with 0.5 mg/ml collagenase II solution; 0.25‑T‑37, digested at 37˚C with 
0.25% Trypsin/EDTA; 0.125‑T‑4, digested at 4˚C with 0.125% Trypsin/EDTA.

Table IV. Statistics regarding enzymatic dispersion with tissue blocks of smooth muscle specimens.

 Cells/x200 FPD
 ------------------------------------------------------------------------------------------------------ -----------------------------------------------------------------------------------------------------
Group n Median Interquartile range Range n Mean Standard deviation Range

0.5-EI-4 85 73.00 63.00 0-170 81 9.01 3.15 5-19
1-EI-4 98 66.00 50.00 0-160 95 10.27a 3.09 6-20
1-C-37 132 38.50a,b 46.00 0-167 123 14.35a,b 4.18 6-23
0.5-C-4 78 43.50a,b 42.00 0-182 75 14.04a,b 3.68 7-24
0.25-T-37 82 31.50a,b 34.00 0-164 80 15.95a-d 4.16 6-26
0.125-T-4 67 34.00a,b 25.00 0-124 66 15.23a,b 3.45 6-26

aP<0.05 vs. 0.5-EI-4; bP<0.05 vs. 1-EI-4; cP<0.05 vs. 1-C-37; dP<0.05 vs. 0.5‑C‑4. Cells/x200, number of visible adherent cells per field of 
microscope (magnification, x200). FPD, time required for primary cell growth to the first passage day; n, number of smooth muscle fragments; 
EI, enzyme injection; C, collagenase II; T, Trypsin; 0.5‑EI‑4, 0.5 mg/ml collagenase II solution injected into tissues at 4˚C; 1‑EI‑4, 1 mg/ml 
collagenase II solution injected into the tissues at 4˚C; 1‑C‑37, digested at 37˚C with 1 mg/ml collagenase II solution; 0.5‑C‑4, digested at 
4˚C with 0.5 mg/ml collagenase II solution; 0.25‑T‑37, digested at 37˚C with 0.25% Trypsin/EDTA; 0.125‑T‑4, digested at 4˚C with 0.125% 
Trypsin/EDTA.
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Figure 2. Growth and proliferation of esophagogastric junction cells in vitro. (A) Cells obtained by EI in sub-culture. (A-a) Cell morphology of each group 
after sub‑culture to the third generation. Magnification, x200; scale bar, 200 µm. (A‑b) Cell proliferation curves in SMCM (third generation; red curve) and 
DMEM/F12 containing 10% newborn bovine serum (10%-F12; second generation; black curve). n=7. Experiments were perfomed in duplicate. A typical 
‘S’ curve was observed in SMCM; in 10%-F12, cell proliferation was largely stopped. (B) Representative cell morphology of EC muscle cells. (B-a) Typical 
structure of ‘hills and valleys’ for primary (two images above on 10th day after adherence) and sub-cultured (two images below, second generation) cells 
obtained by EI. Scale bar, 200 µm. Cells cultured in vitro grew in a uniform direction as ‘hills and valleys’, as determined by in topographical mapping. 
(B‑b) An illustration of cell morphology. Magnification, x400; scale bar, 200 µm. Cells were spindle‑ or long‑spindle‑shaped, but not uniform; some were 
rod‑ or besom‑like. Pseudopods of cells differed. (B‑c) As the number of passages increased, spindle cells became larger and deformed. Magnification, x200; 
scale bar, 200 µm. Sizes and morphologies of the fifth (middle) and eighth (right) generation cells were compared with primary spindle cells (left), after 36 h 
of adherence. EI, enzyme‑injected; SMCM, smooth muscle cell medium; Clasp, clasp fiber; Sling, sling fiber; EC, esophageal circular; EL, esophageal longi-
tudinal; GC-S, gastric circular muscle near sling in gastric bottom; GC-C, gastric circular muscle near clasp in lesser gastric curvature; OD, optical density; 
0.5‑EI‑4, 0.5 mg/ml collagenase II solution injected into tissues at 4˚C; 1‑EI‑4, 1 mg/ml collagenase II solution injected into the tissues at 4˚C; T, Trypsin.
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Figure 3. Expression of smooth muscle markers and PCNA in human EGJ. (A) Immunohistochemical staining (IHC) of EGJ smooth muscles using the 
streptavidin-peroxidase method. n=8. Experiments were performed in duplicate. Positive expression of α-SMA, SM22α, vimentin, desmin, CD90 and PCNA 
was observed in six types of smooth muscles. Scale bar, 200 µm. α‑SMA, vimentin, desmin were strong or moderate in the cytoplasm (magnification, x200); 
however, SM22α was moderate or weak in the cytoplasm (magnification, x200). CD90 was moderate or weak in the cytomembrane and cytoplasm (magnifica-
tion, x200); PCNA was strong or moderate in part of the nucleus (magnification, x400). In addition, vimentin and CD90 were stronger in the small vascular 
walls of smooth muscles. (B) Relative mRNA expression of smooth muscle markers and PCNA in EGJ smooth muscle tissues and cells. n=8. Experiments were 
performed in triplicate. aP<0.05 vs. T; bP<0.05 vs. SM. PCNA, proliferating cell nuclear antigen; EGJ, esophagogastric junction; Clasp, clasp fiber; Sling, sling 
fiber; EC, esophageal circular; EL, esophageal longitudinal; GC‑S, gastric circular muscle near sling in gastric bottom; GC‑C, gastric circular muscle near 
clasp in lesser gastric curvature; α-SMA, α-smooth muscle actin; SM22α, smooth muscle 22 α; T, tissue; SM, cells cultured in smooth muscle cell medium; 
F12, cells cultured in DMEM/F12 containing 10% newborn bovine serum.
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number of cell passages (interquartile range) was 3.0 (1.0) 
generations and the maximum and minimum values were at 
generations 4 and 2, respectively] (Table III). Cryopreservation 
was feasible in a combination of NBS and DMSO (volume 
ratio, 9:1) in the following processes: 4˚C for 30 min → ‑20˚C 
for 2-4 h → ‑80˚C for 3‑4 months), but most cells died if the 
duration exceeded 6 months at ‑80˚C.

In the present study, it was observed that specimens from 
older donors (65-71 years) yielded fewer SMCs; it was more 
difficult to obtain enough cells from their tissues. Despite 
the success of primary culture, such cells showed more rapid 
aging and deformation, and could tolerate fewer passages. 
Conversely, tissues provided by younger donors (49-56 years) 
yielded SMCs relatively easily; these were also easy to culture 
and passage.

Identification of SMCs. IHC of smooth muscle markers and 
PCNA in EGJ smooth muscles was performed. In paraffin 
sections of six types of EGJ smooth muscles, positive staining 
was observed for α-SMA, SM22α, vimentin, desmin, CD90 
and PCNA (Fig. 3A; Table V; n=8). α-SMA, vimentin and 
desmin staining was strong or moderate in the cytoplasm; 
SM22α staining was moderate or weak in the cytoplasm. 
CD90 staining was moderate or weak in cytomembrane and 
cytoplasm; PCNA staining was strong or moderate in the 
nucleus.

mRNA expression of smooth muscle markers and PCNA. 
By using automatic plotting of dissolution and amplification 
curves in ABI 7500, mRNA of α-SMA, SM22α, vimentin, 
desmin, CD90 and PCNA could be detected in EGJ smooth 
muscles and cells (Fig. 3B and Table VI; n=8). Each cell type 
showed different levels of mRNA expression in different types 
of medium. SM22α and desmin mRNA levels in cells were 
lower than in the corresponding tissues; however, α-SMA, 
vimentin, CD90 and PCNA varied in comparison with the 
corresponding tissues.

Immunofluorescence of smooth muscle markers and PCNA. 
Immunofluorescence observation was performed in cells 
obtained by ED (SMCS) (n=9). The same target was identi-
fied at different wavelengths because primary antibodies were 
from different species. Positive expression of α-SMA, SM22α, 

vimentin, CD90 and PCNA was observed in cells; desmin 
was weak or negative (Fig. 4). GAPDH and PCNA could be 
detected in the cytoplasm and nucleus.

Protein expression of smooth muscle markers and PCNA. 
Expression of α-SMA, SM22α, vimentin, desmin, CD90 and 
PCNA in cells obtained by ED could be detected by the in-cell 
western assay (Fig. 5 and Table VII; n=8). Relative expres-
sion of α-SMA, SM22α and vimentin in cells obtained by ED 
(10%-F12) appeared greater than that of ED (SMCM); only 
EC, EL, GC-S and GC-C demonstrated statistical differences 
in SM22α and vimentin. CD90 expression in cells obtained by 
ED (SMCM) was greater than in ED (10%-F12). The relative 
expression of desmin was low in cells. There was no statistical 
difference in PCNA between ED (SMCM) and ED (10%-F12) 
cells. Trends of relative mRNA and corresponding protein 
expression in cells were similar, with the exception of CD90, 
where. CD90 protein in ED (10%-F12) cells was markedly 
lower compared with in ED (SMCM. This is, in contrast to 
mRNA expression trends observed.

Discussion

It was previously identified that SMCs are not terminally 
differentiated cells [from a previous studyof vascular SMCs 
(VSMCs) (32)]; synthetic (secretory) and contractile SMCs 
have been demonstrated to be in a dynamic balance (17). ED 
and explant culture methods are widely used in SMC culture 
in vitro, but cells from ED represent the entire breadth of SMC 
phenotypes. Therefore, many relative experimental projects 
can be performed with superior representativeness; more-
over, the time for acquisition of cells in ED is shorter than 
in the explant culture method (24 h vs. 2-3 weeks) (1). These 
details are not clear in SMC culture in vitro obtained from 
the digestive tract, although previous studies have used ED or 
explant culture with tissue blocks (4,5,7-9,33). Previous studies 
on motor function of smooth muscles in EGJ have revealed 
critical factors for physiology and pathophysiology of PEMDs 
and GERD (7,12,34). Effective isolation methods of primary 
SMCs and growth characteristics of cultured SMCs should be 
recorded in detail so that follow-up studies can be performed 
to resolve current difficulties. The present study is part of 
research on signal transduction in esophageal smooth muscles 

Table V. IHC scores of marker staining in smooth muscles of the esophagogastric junction.

Name α-SMA SM22α Vimentin Desmin CD90 PCNA

Clasp 10.0 (1.0) 4.0 (1.0) 9.0 (1.0) 11.0 (1.0) 3.0 (1.1) 9.0 (1.0)
Sling 10.0 (1.0) 3.9 (1.0) 9.2 (1.0) 11.0 (1.0) 3.0 (1.0) 9.0 (1.0)
EC 10.0 (1.0) 4.0 (1.1) 9.0 (1.0) 11.0 (1.0) 3.1 (1.0) 9.0 (1.0)
EL 10.0 (1.0) 3.5 (1.0) 9.0 (1.0) 11.0 (1.0) 3.0 (1.0) 8.9 (1.0)
GC-S 10.0 (1.0) 4.0 (1.0) 8.9 (1.0) 11.0 (1.0) 3.0 (1.0) 9.1 (0.8)
GC-C 10.0 (1.0) 4.0 (1.0) 9.0 (1.0) 11.0 (1.0) 3.0 (1.0) 8.9 (1.0)

Data are presented as the median (interquartile range). n=8. α-SMA, α-smooth muscle actin; SM22α, smooth muscle 22 α; PCNA, proliferating 
cell nuclear antigen; Clasp, clasp fiber; Sling, sling fiber; EC, esophageal circular; EL, esophageal longitudinal; GC‑S, gastric circular muscle 
near sling in gastric bottom; GC-C, gastric circular muscle near clasp in lesser gastric curvature.
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of achalasia. On the basis of the present study, follow-up func-
tion and model experiments can be carried out (34).

In previous studies of SMCs obtained by ED, investigators 
typically used two or more types of enzymes, including colla-
genase type I (9), type II (3,8,11,13), type V (10), type VIII (35) 
and type XI (7), co-digested with elastase (9,13), papain (10,13), 
deoxyribonuclease I (8,11), dispase (7,9) or trypsin inhibitor 
(Soybean) (19,36) in one or two steps. The temperature used 
was typically 37˚C because it was the optimum temperature for 
enzyme activity. Collagenase II is one of the most commonly 

used enzymes for isolation of primary SMCs, and immersion 
of tissue fragments directly in collagenase II solution consti-
tutes the most common isolation method. Detailed usage of 
collagenase II in primary cell isolation was the main objective 
of the present study.

In the present study, collagenase II and Trypsin/EDTA 
were selected, as they are commonly used in cell culture, 
to determine a simple and effective isolation method. There 
were six groups: 0.5-EI-4 and 1-EI-4 were the experimental 
groups in which the new isolation methods were used, and 
1-C-37 and 0.5-C-4 were the groups in which traditional ED 
were used; the 0.25-T-37 and 0.125-T-4 groups were included 
to test whether Trypsin/EDTA could also be used for effec-
tive isolation of SMCs. The present results demonstrated that 
adherent cells could be obtained by different ED methods, 
but the time required for FPD differed among these methods. 
The most effective method was EI with low collagenase II 
concentration (0.5 mg/ml) combined with a low temperature 
(4˚C) for 14‑24 h. Collagenase is mainly used to hydrolyze 
collagen protein in connective tissue. In practice, a high 
concentration of collagenase, extended digestion time, or 
digestion at 37˚C could lead to prolonged FPD in a single 
enzyme process, likely due to damage of cellular structures. 
This combination of low enzyme concentration with low 
temperature for an extended digestion time reduced enzyme 
damage to cells. Furthermore, Trypsin/EDTA could also be 
used for SMC isolation. Trypsin/EDTA is one of the most 
commonly used and inexpensive reagents in cell culture. 
Notably, Trypsin/EDTA is not a conventional enzyme for 
isolating primary SMCs (37,38). The Trypsin/EDTA group 
was included in the present study to demonstrate that 
Trypsin/EDTA could be used as a tool for isolation of SMCs, 
in order to increase the choices available for a variety of 
experimental conditions. There are many alternative digestive 
enzymes for isolation of SMCs, and many potential combina-
tions for experimental grouping designs. The Trypsin/EDTA 
method yielded fewer adherent cells with slower rates of cell 
growth and passage; thus, a group that used Trypsin/EDTA 
with the injection method was not included.

SMCM is mainly comprised DMEM containing 
10% FBS (7,11,39) with P/S (11,39). RPMI 1640 (13) and 
SMCM (14,35,40) can also be used. In the present study, 
primary cells were cultured in DMEM/F12 containing 10% 
NBS (10%-F12) and patented SMCM; similar morphological 
features of EGJ cells were observed in a previous study for 
VSMCs in vitro (1). Cells obtained by ED were not uniform 
with spindle-, long-spindle, rod-like, or besom-like shapes; 
however, they exhibited ‘hills and valleys’ growth. The CCK-8 
assay identified a typical ‘S’ curve for proliferation in SMCM, 
but a lack of proliferation in 10%-F12. The patented SMCM 
contains 2% FBS, 1% SMC growth supplement and 1% P/S. 
Media lacking growth factors is not able to promote human 
cell growth and proliferation in vitro. The content of SMC 
growth supplement is not disclosed because it is a patented 
formula. This is the most widely used available medium for 
SMCs in laboratories (17); many researchers use it because 
it can effectively promote the growth and proliferation of 
SMCs, and delay cell differentiation during short-term cell 
culture experiments. EGJ SMCs cultured in 10%-F12 showed 
a marked decrease in cell number after digestion and passage, 

Figure 4. Immunofluorescence (IF) of smooth muscle markers and PCNA for 
esophagogastric junction cells cultured in vitro by cells obtained by enzymatic 
dispersion and cultured in SMCM. The third generation of cells cultured in 
SMCM were tested. n=9. Experiments were performed in triplicate. Scale 
bar, 150 µm. Primary antibodies were premixed in 2% BSA-PBS. α-SMA, 
SM22α, Vim, CD90 and PCNA were positive in cells; Des was weak or not 
visible. Theoretically, CD90 and PCNA are expressed in the cell membrane 
and nucleus, respectively. However, due to permeabilization of cells with 
0.3% (v/v) Triton X-100 in this experiment, primary antibodies entered cells 
and resulted in fluorescence of relative proteins, including proteins that were 
being synthesized and were within functional structures. PCNA, proliferating 
cell nuclear antigen; SMCM, smooth muscle cell medium; Vim, vimentin; 
Des, Desmin; α-SMA, α-smooth muscle actin; SM22α, smooth muscle 22 α; 
Clasp, clasp fiber; Sling, sling fiber; EC, esophageal circular; EL, esophageal 
longitudinal; GC-S, gastric circular muscle near sling in gastric bottom; 
GC-C, gastric circular muscle near clasp in lesser gastric curvature.



GAO et al:  IMPROVED CULTURE OF ESOPHAGOGASTRIC JUNCTION SMCs2946

and nearly all were deformed after 2-4 passages, regardless of 
exchanging NBS with FBS. Growth factors in bovine serum 
were insufficient to stimulate the growth and proliferation of 
human EGJ SMCs in vitro. The main cause for the differences 
in proliferation between cells grown in the two types of media 
may be due to their compositions, but the specific factor has 
not been investigated. Therefore, SMCM is appropriate for use 
in expanding the cell population, consistent with a previous 
study by Patel et al (17).

Tissues derived from older donors were observed to not be 
as conducive to SMC isolation and primary culture, compared 
with tissues derived from younger donors. Similar results were 
observed in human arterial SMCs (41) and rat myocardial 
SMCs (42) cultured in vitro; the growth and proliferative ability 
of SMCs was inversely proportional to donor age. This might 
be due to the advanced donor age (>60 years) and a greater 
degree of differentiation of human tissues in the present study.

Specific markers of SMC subsets in vitro remain 
unclear (1,13); thus, it is difficult to distinguish contractile 
and synthetic phenotypes, or to distinguish among other 
phenotypes of cells from smooth muscles. In the present study, 
α-SMA and SM22α were selected to identify tissues and cells, 
along with vimentin, desmin and CD90. α-SMA and SM22α 
are common specific markers in SMC studies (13‑15). Results 
of IHC, RT‑qPCR, immunofluorescence and the in‑cell western 
assay demonstrated that these markers were present in SMCs. 
Combined with the aforementioned morphological features 
described, the majority of cells obtained by EI were SMCs. 
mRNA expression of these markers in cells differed from the 

expression in corresponding tissues, especially for α-SMA, 
SM22α, desmin and CD90. A previous study identified that 
esophageal SMCs cultured in vitro had decreased α-SMA 
expression, whereas desmin and vimentin expression levels 
were increased based on the magnitude of strain (43). These 
smooth muscle markers (α-SMA, desmin and vimentin) may 
be involved in the regulation of smooth muscle movement, and 
SMCs in vitro may have lost motility, such that the conversion 
from contractile to synthetic phenotypes could be triggered 
in vitro. The mechanisms underlying these differences in 
expression have not been studied in the present study. The 
expression and regulation of the corresponding biomarkers 
in smooth muscles or SMCs cultured in vitro, and their rela-
tionships with cell phenotypic transformation require further 
study. To further identify SMCs, PCNA (20-22) was used to 
detect the proliferation potential. PCNA is mainly synthesized 
and stored in the nucleus, and participates in the synthesis of 
DNA (20-22). When comparing the PCNA mRNA, not all 
SMCs cultured in vitro demonstrated greater expression than 
that of corresponding tissues; moreover, mRNA and protein 
expression trends differed in cultured cells. According to 
the results of the CCK-8 assay, SMCs cultured in 10%-F12 
exhibited poor proliferation; thus, the inconsistency of PCNA 
might be attributed to modified protein synthesis in the ED 
(10%-F12) condition.

The cell types in smooth muscles include SMCs (4), 
myofibroblasts (7,12,44), fibroblasts (45), telocytes (32) and 
gastrointestinal Cajal interstitial cells (4,46). A limitation of 
the present study was the purification and differentiation of 

Figure 5. Comparison of fluorescence intensity of smooth muscle markers and PCNA in cultured cells obtained by the ED method. n=8. Experiments were 
performed in triplicate. Cells were fixed with 4% paraformaldehyde and permeabilized with 0.3% (v/v) Triton X‑100. After being blocked with 5% BSA‑PBS, 
cells were incubated with primary antibodies and anti‑GAPDH, premixed in 2% BSA‑PBS (12 h at 4˚C). Concentrations are presented in the immunofluores-
cence method. α-SMA, SM22α, vimentin, desmin, CD90 and PCNA in cells obtained by ED could be detected with different fluorescence intensities. Smooth 
muscle markers and PCNA of each cell showed different levels of expression, according to culture conditions. PCNA, proliferating cell nuclear antigen; ED, 
enzymatic dispersion; ED (SMCM), cells obtained by enzymatic dispersion were cultured in smooth muscle cell medium; ED (10%-F12), cells obtained by 
enzymatic dispersion were cultured in DMEM/F-12 containing 10% newborn bovine serum; α-SMA, α-smooth muscle actin; SM22α, smooth muscle 22 α; 
G, GAPDH; Clasp, clasp fiber; Sling, sling fiber; EC, esophageal circular; EL, esophageal longitudinal; GC‑S, gastric circular muscle near sling in gastric 
bottom; GC-C, gastric circular muscle near clasp in lesser gastric curvature.
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SMCs in vitro. The problems involved in primary isolation and 
culture of SMCs with respect to the purity of cells, which are 
often discussed by researchers, were assessed. Furthermore, 
the main cells involved in the present study were SMCs. 
The primary cell specimens must be smooth muscle tissue, 
and it was ensured that there were no cells from other tissue 
sources present. Patented SMCM was selected to ensure that 
the in vitro culture process was more conducive to the growth 
and proliferation of SMCs. Smooth muscle specimens and 
cells should be identified by several smooth muscle markers 
in order to clarify the expression level and characteristics of 
cell markers in vitro. Also, the present study could not guar-
antee that all the obtained cells were SMCs; to the best of the 
authors' knowledge, there is no precise method of identifica-
tion and purification of SMCs. Previous studies summarize 
various methods for primary cell culture (1-3,15). Other studies 
have used these methods for isolation and culture of primary 
cells (4,5,7-9,33); however, the mechanisms of primary cell 
differentiation remain unclear. To the best of the authors' 
knowledge, the only effective approach for cell differentiation 
is to use primary cells as soon as possible. Previous studies 
have focused on the mechanisms by which SMCs differentiate 
in conditions of vascular pathophysiology (47,48). At present, 
to the best of the authors' knowledge, there is not a detailed 
investigation of the mechanisms by which esophageal SMCs 
differentiate into fibroblasts in vitro; therefore, these complex 
mechanisms require further investigation.

In conclusion, SMCs of EGJ could be cultured in vitro. 
In the present study, the most effective isolation method of 
primary cells was EI with low collagenase II concentration 
(0.5 mg/ml) combined with low temperature (4˚C) for 14‑24 h; 
SMCs of EC, EL, GC-S and GC-C cultured in 10%-F12 
exhibited superior smooth muscle phenotypes compared with 
SMCs cultured in SMCM in terms of smooth muscle marker 
expression. Further studies should be performed regarding 
SMC phenotype transformation in vivo and in vitro, in addi-
tion to studies regarding motor function of smooth muscles 
in EGJ.
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