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Here we present a modified method for the isolation and culture of human gingival epithelial 43 

cells by adding the Rock inhibitor, Y-27632, to the traditional method. This method is easier, 44 

less time-consuming, enhances stem cell properties, and produces larger numbers of high-45 

potential epithelial cells both for the laboratory and for clinical applications. 46 

 47 

ABSTRACT: 48 

The gingival tissue is the first structure that protects periodontal tissues and plays meaningful 49 

roles in many oral functions. The gingival epithelium is an important structure of gingival 50 

tissue, especially in the repair and regeneration of periodontal tissue. Studying the functions 51 

of gingival epithelial cells has crucial scientific value, such as repairing oral defects and 52 

detecting the compatibility of biomaterials. As human gingival epithelial cells are highly 53 

differentiated keratinized cells, their lifespan is short, and they are difficult to passage. So far, 54 

there are only two ways to isolate and culture gingival epithelial cells, a direct explant method 55 

and an enzymatic method. However, the time required to obtain epithelial cells using the 56 

direct explant method is longer, and the cell survival rate of the enzymatic method is lower. 57 

Clinically, the acquisition of gingival tissue is limited, so a stable, efficient, and simple in vitro 58 

isolation and culture system is needed. We improved the traditional enzymatic method by 59 

adding Y-27632, a Rho-associated kinase (ROCK) inhibitor, which can selectively promote the 60 

growth of epithelial cells. Our modified enzymatic method simplifies the steps of the 61 

traditional enzymatic method and increases the efficiency of culturing epithelial cells, which 62 

has significant advantages over the direct explant method and the enzymatic method. 63 

 64 

INTRODUCTION: 65 

The human gingiva, the first line defense structure that protects periodontal tissue, is not only 66 

a physical and chemical barrier1, but also secretes different classes of inflammatory mediators 67 

that participate in immune responses and constitute an immune barrier2,3. The gingival 68 

epithelium plays an important role in the repair and regeneration of periodontal tissue. 69 

Therefore, studying the defense and immunity of the gingival epithelium is of great 70 

significance for understanding the occurrence, diagnosis, and treatment of periodontitis. The 71 

isolation and culture of gingival epithelial cells from human gingival tissue is the first step 72 

required for studying the gingival epithelium. Such a procedure requires basic operations such 73 

as producing seed cells for tissue engineering, in vitro models of periodontal associated 74 

diseases, and materials for repairing periodontal defects. 75 

 76 

Primary gingival epithelial cells are characterized by a low division rate in vitro4; researchers 77 

have been looking for an optimal isolation and cultivation method for decades. To date, two 78 

different techniques, a direct explant method and an enzymatic method, are commonly used 79 

in laboratories to obtain primary gingival epithelium cells in vitro4,5. The direct explant method 80 

has advantages such as the requirement of a lower amount of tissue specimens and simple 81 

isolation procedure, but it has the disadvantages of longer culture time and susceptibility to 82 

contamination5. Although the enzymatic method shortens the culture time required, the 83 

efficiency is relatively low and varies depending on the enzymes and medium used. Kedjarune 84 



 

et al.6 showed that the direct explant method, which requires more time before subculture 85 

(2 weeks), appeared to be more successful for culturing gingival epithelial cells compared to 86 

the enzymatic method. However, comparing these two methods, Klingbeil et al.7 found that 87 

the enzymatic method had the best results for primary cultures of oral epithelial cells, and it 88 

was possible to obtain the optimal cell yield within the shortest time period (11.9 days versus 89 

14.2 days). 90 

 91 

Therefore, it was important to develop a more convenient and effective method for the 92 

isolation and culture of oral epithelial cells4. We previously reported that adding Y-27632, an 93 

inhibitor of Rho-associated protein kinase (ROCK), simplifies the isolation procedure of human 94 

primary epidermal cells and keratinocytes from adult skin tissues8–10. We developed G-95 

medium, a new conditioned inoculation medium that spontaneously separates epidermal 96 

from dermal cells and supports the growth and yield of primary epidermal cells8–10. In the 97 

present study, we developed a new serum-free isolation and culture technique for gingival 98 

epithelial cells by combining G-medium with Y-27632. In essence, our method is based on a 99 

simplification of the traditional two-step enzymatic method, so we compared our new 100 

method with the direct explant method. This modified enzymatic method significantly 101 

shortens the time required to separate gingival epithelial cells from gingival tissue and 102 

increases the efficiency of culturing gingival epithelial cells. 103 

 104 

PROTOCOL: 105 

Human tissues used in this protocol are fresh adult gingival tissues discarded from extractions 106 

of impacted teeth in the Maxillofacial Surgery Department according to the guidelines of the 107 

Institution’s Human Research Ethics Committee (Protocol No. GR201711, Date: 02-27-2017). 108 

 109 

1. Preparations 110 

 111 

1.1. Collect fresh adult gingival tissues in 15 mL tubes containing 10 mL of phosphate-buffered 112 

saline (PBS) supplemented with 3% penicillin/streptomycin (P/S) and keep the tissues at 4 °C. 113 

 114 

NOTE: Treat the tissues as detailed below within 24 h after excision. 115 

 116 

2. Prepare reagents and culture medium 117 

 118 

2.1. Prepare the washing solution: 3% P/S. Mix 50 mL of PBS with 1.5 mL of penicillin (100 119 

U/mL) and 1.5 mL of streptomycin (100 mg/L). 120 

 121 

2.2. Prepare 500 mL of growth-factor-containing medium (called G-medium): DMEM/F12 (3:1) 122 

medium containing 1% P/S, 2% B27 supplement, 20 ng/mL of epidermal growth factor (EGF), 123 

40 ng/mL of fibroblast growth factor 2 (FGF2), and 40 µg/mL of fungizone. 124 

 125 

2.3. Prepare enzyme digestion solutions for the new method: Dissolve 125 mg of Dispase 126 



 

powder and 125 mg of Type I collagenase powder in 50 mL of DMEM. 127 

 128 

NOTE: Filter all the enzyme solutions through a 0.22 µm strainer and store at 4 °C. 129 

 130 

2.4. Prepare 500 mL of the medium to neutralize the enzymatic digestion: 10% fetal bovine 131 

serum (FBS) and 1% P/S in the DMEM medium. 132 

 133 

3. Direct explant method 134 

 135 

3.1. Gingival tissue pretreatment 136 

 137 

3.1.1. Wash gingival tissue with 5 mL of 75% ethanol for 30 s. Then, rinse twice with 5 mL 138 

of the washing solution (step 2.1) for 5 min. 139 

 140 

NOTE: Perform all washes in cell culture dishes with a diameter of 50 mm. 141 

 142 

3.2. Gingival epithelial cell culture 143 

 144 

3.2.1. Cut the gingival tissue into 1 mm3 pieces and scatter them in a 100 mm cell culture 145 

dish. Use fine pointed forceps and ophthalmic scissors for the cutting operations. 146 

 147 

3.2.2. Add the G-medium (step 2.2) to the culture dish. Then, incubate the culture dish in a 148 

5% CO2 incubator at 37 °C. Use an inverted microscope (40x) to examine the tissues every 24 149 

h. 150 

 151 

3.2.3. Remove the gingival tissue pieces when the epithelial cells have propagated to a 2–152 

5 mm in diameter around the tissue pieces. Change the G-medium every 2–4 days. 153 

 154 

4. The new modified enzymatic method 155 

 156 

4.1. Gingival tissue pretreatment 157 

 158 

4.1.1. For this, follow the same steps as described for the direct explant method, step 3.1.1. 159 

 160 

4.2. Digestion of gingival tissue 161 

 162 

4.2.1. Cut the gingival tissue into tiny pieces, approximately <1 mm in size, with two 163 

sterilized blades. Repeat the process of shredding with two surgical blades. 164 

 165 

4.2.2. Add 1 mL of 2.5 mg/mL dispase + collagenase solution to a 1.5 mL centrifuge tube 166 



 

containing the gingival tissue pieces, and then incubate the tube for 15–20 min in an incubator 167 

at 37 °C. 168 

 169 

4.2.3. When the tissue becomes transparent and flocculent, add 1 mL of the neutralization 170 

solution to terminate the digestion. Thoroughly mix the solution by pipetting up and down 171 

10–15 times. Pass the solution through a 100 µm mesh filter. 172 

 173 

4.2.4. Centrifuge at 200 x g for 5 min. 174 

 175 

4.2.5. Remove the supernatant and resuspend the cell pellet at the bottom in 10 mL of 176 

growth-factor-containing medium (step 2.2). Transfer the cell suspension to a 100 mm cell 177 

culture dish. Add 10 µM of Y-27632 to the cell culture dish. 178 

 179 

4.2.6. Culture the cells at 37 °C in a 5% CO2 incubator. Replace the old G-medium with the 180 

fresh G-medium every 2 days. Observe the cells on Day 1 and Day 3. 181 

 182 

5. Cell passaging 183 

 184 

5.1. Take the dish out of the incubator, remove the spent medium and wash twice with PBS. 185 

Add 2 mL of 0.05% trypsin for each 100 mm dish. 186 

 187 

NOTE: Shake the dish to make sure there is enough contact between the Trypsin solution and 188 

the dish bottom. 189 

 190 

5.2. Leave the dish in an incubator around 5 min at 37 °C for the digestion process. 191 

 192 

5.3. Use a microscope (40x) to examine the cells and make sure that most cells have separated 193 

from the bottom of the dish. 194 

 195 

5.4. Add 2 mL of the neutralization solution to stop the digestion and transfer the cells into a 196 

15 mL tube. Pipette up and down 10–15 times. Centrifuge the cells at 200 x g for 5 min. 197 

 198 

5.5. Remove the supernatant slowly. Resuspend the cells with 10 mL of G-medium and count 199 

the number of cells. 200 

 201 

5.6. Add about 1 x 106 cells in 10 mL of G-medium and 10 μM Y-27632 to each 100 mm dish. 202 

 203 

5.7. Renew the G-medium and Y-27632 every 2 days. View the cells on Day 1 and Day 5. 204 

 205 

REPRESENTATIVE RESULTS: 206 

Figure 1 shows a schematic diagram of the direct explant method and the modified enzymatic 207 



 

method. The direct explant method does not need any digestive enzyme during the whole 208 

process. In contrast, the traditional enzymatic method usually needs two sets of digestive 209 

enzymes, dispase and collagenase, to separate the epithelial sheet from the underlying 210 

fibroblast layer, and then trypsin to release the epithelial cells into suspension. Our new 211 

method omits the step of separation and is a simplified enzymatic method. Moreover, adding 212 

Y-27632 to the G-medium effectively promotes epithelial cell growth. The direct explant 213 

method usually takes about 2 weeks for the gingival epithelial cells to grow sufficiently to 214 

passage and is easily contaminated. However, the number of gingival epithelial cells obtained 215 

by the new method is significantly larger than that obtained by the direct explant method and 216 

takes only an average of 8 days to meet the requirements for passaging. 217 

 218 

[place Figure 1 here] 219 

 220 

Adult gingival epithelial cells prepared by the direct explant method and by the new method 221 

were observed in a microscope on the third and seventh days (Figure 2A). It can be seen that 222 

the new method significantly increased the production of gingival epithelial cells on the third 223 

and seventh days. The growth curves of gingival epithelial cells obtained by the new method 224 

and by the direct explant method were measured using a cell counting kit (CCK-8) at different 225 

time points (1d, 2d, 3d, 4d, 5d, 6d) (Figure 2B). The doubling time of cells prepared using the 226 

new method was about 1–2 days, but the doubling time of cells prepared using the direct 227 

explant method was about 5–6 days. The cell yields by the two methods were calculated on 228 

the seventh day (Figure 2C) and showed that the number of cells produced by the new 229 

method (9 x 106) was more than three times higher than the number of cells produced by the 230 

direct explant method (3 x 106). Figure 2D shows that it took about half the time for the new 231 

method (6 days) to achieve 80% confluence compared with the direct explant method (13 232 

days). 233 

 234 

[place Figure 2 here] 235 

 236 

Immunofluorescence analysis of gingival epithelial cells (at passage 3) obtained by the new 237 

method showed that the expression of CK5, CK18, and Pan-CK (CK14, CK15, CK16, and CK19) 238 

was positive (Figure 3A,C,D)11-15, while the expression of CK10 and vimentin was low (Figure 239 

3B,E)11,16. CK5 and Pan-CK (CK14, CK15, CK16, and CK19) were mainly localized in the basal 240 

layer of epithelial cells, which is a sign of their high differentiation potential11,14,15. CK10 is a 241 

marker of differentiated epithelium11, and vimentin is a marker of gingival fibroblasts16. The 242 

keratin positive rate of gingival epithelial cells isolated by the new method was higher, 243 

especially CK5, CK18, and Pan-CK (Figure 3A,C,D), which indicated that the isolated gingival 244 

epithelial cells could maintain a good basement membrane function. The low expression of 245 

the differentiation marker CK10 (Figure 3B) indicated that the gingival epithelial cells had a 246 

high differentiation potential. In vitro cultures showed that the gingival epithelial cells isolated 247 



 

by the new method could be cultured to the eighth generation, and the low expression of 248 

vimentin indicated that the gingival epithelial cells had a high purity, that no gingival 249 

fibroblasts contaminated them and that the isolation efficiency was high (Figure 3E). 250 

 251 

[place Figure 3 here] 252 

 253 

The new method increased the expression of ki67, p63, and p75NGFR (low affinity nerve 254 

growth factor receptor p75) in primary gingival epithelial cells. Passage 3 cells were selected 255 

for Immunofluorescence analysis, which revealed that the positive expression of ki67, p63, 256 

and p75NGFR was higher than that of gingival epithelial cells obtained by the direct explant 257 

method (Figure 4A,C,E). The positive expression rates of ki67, p63, and p75NGFR were 80%, 258 

98%, and 96% in the new method, respectively, which were significantly higher than those of 259 

ki67 (35%), p63 (40%), and p75NGFR (47%) obtained by the direct method (Figure 4B,D,F). 260 

Ki67, p63, and p75NGFR are markers of oral epithelial stem cells17. These results indicated 261 

that the primary gingival epithelial cells isolated and cultured using the new method 262 

contained stem cell populations, had a high proliferation potential, and maintained the stem 263 

cell properties of gingival epithelial cells. 264 

 265 

[place Figure 4 here] 266 

 267 

FIGURE LEGENDS: 268 

 269 

Figure 1: Comparison of the direct explant method and the new method. (A) Scheme 270 

showing the process of the direct explant method. The gingival tissue pieces are placed in a 271 

culture dish. The epithelial cells are cultured in G-medium and grow out from the tissue pieces. 272 

The direct explant method usually takes about 13 days for the epithelial cells to reach 80% 273 

confluence. (B) Scheme showing the process of the new enzymatic method. The gingival 274 

tissue fragments are digested by dispase and collagenase I, after which the cell pellets are 275 

cultured in G-medium with Y-27632. The new enzymatic method usually takes about 6 days 276 

to reach 80% confluence which is suitable for passaging. 277 

 278 

Figure 2: The new enzymatic method increases the production of primary gingival epithelial 279 

cells. (A) Images of gingival epithelial cells prepared by the direct explant method (bottom 280 

row) and the new enzymatic method (top row) on the third and seventh day after initial 281 

inoculation. Scale bars = 200 μm. (B) Gingival epithelial cells cultured by the direct method 282 

and the new enzymatic method were collected on days 1, 2, 3, 4, 5, and 6, and the number of 283 

gingival epithelial cells was analyzed using a CCK-8 kit. (C) After 7 days of culture, gingival 284 

epithelial cells were detached by trypsin and were collected. A cell counting plate was used 285 

to determine the number of gingival epithelial cells prepared separately by the two methods. 286 

The number of cells was calculated from the two methods, which were repeated three times 287 

separately, and the results are expressed as the average number of cells per 100 mm dish. (D) 288 

The average time to reach 80% confluence of primary gingival epithelial cells (passage 0) 289 



 

prepared by the new enzymatic method and by the direct explant method is compared. B, C, 290 

and D: Student’s t-test was used; the error bars show the standard deviation; n = 4; **p < 291 

0.01, *p < 0.05 when comparing the new enzymatic method with the direct explant method. 292 

 293 

Figure 3: Specific markers of gingival epithelial cells (P3) prepared by the new enzymatic 294 

method. (A–E) show CK5 (red), CK10 (red), CK18 (red), Pan-CK (red), and vimentin (red) 295 

positive cells, DAPI (blue) was used to stain nuclei. (A–C) scale bars = 100 µm; (D) and (E) scale 296 

bars = 50 µm; the experiment was repeated four times independently. (A), (C), and (D) show 297 

the positive expression of CK5, CK18, and pan-ck (CK14, 15, 16, and 19) in gingival epithelial 298 

cells, while (B) and (E) show the low expression of CK10 and vimentin in gingival epithelial 299 

cells. 300 

 301 

Figure 4: Stem cell characteristics of gingival epithelial cells (P3) obtained by the direct 302 

explant method and the new enzymatic method. (A), (C), and (E) show representative 303 

immunofluorescence images of gingival epithelial cells at passage 3 (P3), respectively, 304 

showing ki67 (red), p63 (red), and p75NGFR (red) positive cells obtained by the direct explant 305 

method and the new enzymatic method. DAPI (blue) was used to stain nuclei. Scale bars = 50 306 

μm. (B), (D), and (F) show quantitative analysis of ki67-positive cells, p63-positive cells, and 307 

p75NGFR-positive cells, respectively, in gingival epithelial cells (P3) obtained by the direct 308 

explant method and by the new enzymatic method. A total of 400 cells were counted to 309 

quantify each group, and the average numbers of ki67, p63, and p75NGFR positive cells are 310 

shown. B, D, and F: Student’s t-test was used; the error bars show the standard deviation; the 311 

experiment was repeated four times independently (n = 4); **p < 0.01, when comparing the 312 

new enzymatic method with the direct explant method. 313 

 314 

DISCUSSION: 315 

The gingival tissue is a key structure that maintains periodontal integrity and health. Gingival 316 

epithelial cells have significant roles in the repair and regeneration of periodontal tissue and 317 

can be used in scientific research and clinical applications and related fields, including oral 318 

biology, pharmacology, toxicology, and oral mucosa deficiencies18. Therefore, it is necessary 319 

to develop a stable and efficient method to harvest oral epithelial cells19. Primary epithelial 320 

cells are a kind of fully differentiated cells with few passages and a short lifespan. Culturing 321 

epithelial cells has proven to be more complex than culturing fibroblasts5. 322 

 323 

At present, the published literature shows that various protocols exist for the isolation and 324 

culture of epithelial cells. However, two methods, the direct explant method and the 325 

enzymatic method, are the most frequently used among those protocols. In 1910, Carrel and 326 

Burrows first described a method to obtain gingival and buccal epithelial cells called the direct 327 



 

explant method20. The direct explant method has the advantages of low-weight requirements 328 

for tissue specimens, less complicated procedures, less variation, and less involvement in the 329 

steps, but it has the disadvantages of requiring a long culture time and is highly susceptible 330 

to contamination5. In 1975, Rheinwald and Green first reported the enzymatic method using 331 

irradiated 3T3 mouse fibroblasts as a feeder layer to culture oral epithelial cells in vitro21. 332 

Although that method greatly improved the yield of keratinocytes, the irradiated mouse 333 

feeder cell layer had potential biological risks22. After that, culture systems without feeder-334 

cells22 and without serum23,24 were developed which proved that 3T3 cells were not necessary 335 

for epithelial cell cultures. Although the enzymatic method requires less culture time, the 336 

efficiency is relatively low and varies depending on the enzymes and medium used25. Several 337 

laboratories compared the two methods and Kedjarune et al.6 observed the direct explant 338 

technique to be more successful than the enzymatic method and found a higher rate of cell 339 

proliferation. Shwetha et al.26 concluded that the direct explant method appears to be a 340 

simple and successful technique for the isolation of oral mucosal keratinocytes. However, 341 

Klingbeil et al.7 concluded just the opposite, i.e., the enzymatic method showed the best 342 

results in less time with a good life span. A survey conducted in the UK by Daniels et al.19 343 

reviewed the isolation and cell culture methods of human keratinocytes and reported that 21 344 

out of 34 laboratories that responded used the enzymatic method with some variations. 345 

Although the direct explant method requires less tissue and has fewer handling steps than 346 

the enzymatic method, it has been suggested that the enzymatic method is faster and easier 347 

to manage6. Therefore, it was necessary to develop a more convenient and effective method 348 

for the isolation and culture of oral epithelial cells4. Our new method, a simplified enzymatic 349 

method that uses Y-27632 significantly increased the production of gingival epithelial cells 350 

and shortened the time required to separate gingival epithelial cells from gingival tissue. 351 

 352 

Figure 2A shows that the new method significantly increased the production of gingival 353 

epithelial cells on the third and seventh days. Figure 2B shows that the doubling time of cells 354 

prepared using the new enzymatic method was about 1–2 days but using the direct explant 355 

method took about 5–6 days. The number of cells produced using the new enzymatic method 356 

(9 x 106) was more than three times greater than the direct explant method (3 x 106) on the 357 

seventh day (Figure 2C). Cells prepared using the new enzymatic method took 13 days to 358 

become 80% confluent, which is consistent with previous studies, while the direct explant 359 

method took about 2 weeks6, 20.25 ± 1.05 days18 and 14.2 ± 2.76 days7 for the cells to become 360 

fully confluent before subculture. However, the new enzymatic method took only 6 days to 361 

become 80% confluent, which is much shorter than the direct explant method of 13 days in 362 

our laboratory and Klingbeil et al.’s7 enzymatic method of 11.9 ± 2.36 days. We also found an 363 

interesting phenomenon, that is, the epithelial cell colonies grew in a multi-layered structure 364 

in the direct explant method, while a uniform monolayer structure was observed using the 365 

new enzymatic method. Obviously, thicker multi-layered colonies prolong the time required 366 

to become 80%–100% confluent. The reason why the new enzymatic method promotes cell 367 



 

proliferation is the addition of Y-27632, an inhibitor of ROCK1 and ROCK2. Y-27632 was 368 

initially reported for its positive effects on human epithelial cell proliferation and 369 

differentiation in 200827. Chapman et al.28 reported that treatment with Y-27632 greatly 370 

increased the proliferative capacity of keratinocytes and resulted in efficient immortalization 371 

without detectable cell crisis. In our previous studies, we discovered that Y-27632 simplifies 372 

the isolation procedure of human primary epidermal cells and keratinocytes from adult skin 373 

tissue8–10. Strudwick et al.29 reported that the use of 10 μM Y-27632 together with low calcium 374 

allowed primary human keratinocytes to be cultured without a cell feeder layer for longer 375 

periods of time while retaining the ability to differentiate and form a stratified epithelium. In 376 

this study, the new enzymatic method using Y-27632 greatly increased the harvesting of 377 

epithelial cells by extending their lifespan and promoting their proliferative capacity. 378 

 379 

The traditional enzymatic method contains two digestion operations. The first digestion is to 380 

separate epithelial tissue from connective tissue using dispase, which works from the stromal 381 

side4,5. The second digestion usually uses trypsin to separate epithelial cells from epithelial 382 

tissue4,5. Due to the destruction of epithelial cells by trypsin, the efficiency of the enzymatic 383 

method is affected4. The new enzymatic method described here is a simplified method that 384 

omits one digestion step. The main differences between the new and traditional enzymatic 385 

methods refer to the protocols of separating epithelial tissue from connective tissue5. 386 

Additionally, the new method uses dispase and collagenase instead of trypsin in the digestion 387 

step, and hence the integrity of the epithelial cells is well protected. Clinically, it is much more 388 

difficult to obtain the same amount of tissue from human gingiva than from the skin and 389 

buccal mucosa. The direct explant method required only small pieces of gingival tissue and 390 

cultivated a larger number of cells when compared with the enzymatic method18. We treated 391 

a small amount of gingival epithelial tissue using the new method and harvested a very 392 

satisfactory cell density. This shows that the new method does not depend on relatively large 393 

amounts of tissue to be initially provided. One possible limitation of the new method is that 394 

there could appear a small amount (<5%) contamination of fibroblasts at initial culture 395 

(passage 0), but it can be easily removed by a short-term treatment of 0.05% trypsin as 396 

reported previsouly9. 397 

 398 

In this study, CK5, CK18, and Pan-CK (CK14, CK15, CK16, and CK19) were positive (Figure 399 

3A,C,D). This suggested that the isolated gingival epithelial cells were able to maintain their 400 

basement membrane function, which is consistent with the studies of Orazizadeh et al.30 and 401 

Kedjarune et al.6. CK5 and CK14 are expressed by undifferentiated cells localized in the 402 

epithelial-basal layer. CK19 is typically found in simple epithelium and in non-keratinized 403 

stratified epithelium31. Immunofluorescence analysis of gingival epithelial cells (P3) obtained 404 

using the new enzymatic method showed that the expression levels of ki67, p63, and 405 

p75NGFR were higher than in cells obtained using the direct explant method (Figure 4). This 406 

result indicates that the new method can maintain the stem cell properties of gingival 407 

epithelial cells and promotes the proliferation potential of gingival epithelial cells. Our 408 

previous study found that Y-27632 maintains the skin epidermal stem cell potential after 409 

https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Chapman+S&cauthor_id=20516646


 

expansion8. Wang et al. found that Y-27632 facilitates the proliferation, migration, and 410 

pluripotency of human periodontal ligament stem cells32. 411 

 412 

In summary, the new modified enzymatic method provides a simplified and effective 413 

procedure to isolate and culture human primary epithelial cells from adult gingival tissue. This 414 

new method is easier, less time-consuming and enhances their stem cell properties, and thus 415 

has obvious advantages compared to the direct explant method in many parameters. This 416 

advanced method is more suitable for producing large numbers of high-potential epithelial 417 

cells both for laboratory and for clinical applications. 418 
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