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SUMMARY: 24 
The current protocol describes methods to establish patient-derived xenograft (PDX) models 25 
and primary cancer cell lines from surgical gastric cancer samples. The methods provide a 26 
useful tool for drug development and cancer biology research. 27 
 28 
ABSTRACT: 29 
The use of preclinical models to advance our understanding of tumor biology and investigate 30 
the efficacy of therapeutic agents is key to cancer research. Although there are many 31 
established gastric cancer cell lines and many conventional transgenic mouse models for 32 
preclinical research, the disadvantages of these in vitro and in vivo models limit their 33 
applications. Because the characteristics of these models have changed in culture, they no 34 
longer model tumor heterogeneity, and their responses have not been able to predict 35 
responses in humans. Thus, alternative models that better represent tumor heterogeneity are 36 
being developed. Patient-derived xenograft (PDX) models preserve the histologic appearance of 37 
cancer cells, retain intratumoral heterogeneity, and better reflect the relevant human 38 
components of the tumor microenvironment. However, it usually takes 4-8 months to develop 39 
a PDX model, which is longer than the expected survival of many gastric patients. For this 40 
reason, establishing primary cancer cell lines may be an effective complementary method for 41 
drug response studies. The current protocol describes methods to establish PDX models and 42 
primary cancer cell lines from surgical gastric cancer samples. These methods provide a useful 43 
tool for drug development and cancer biology research. 44 
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 45 
INTRODUCTION: 46 
Gastric cancer is the fifth-most common cancer worldwide and the third leading cause of cancer 47 
death. In 2018, over 1,000,000 new cases of gastric cancer were diagnosed globally, and an 48 
estimated 783,000 people were killed by this disease1. The incidence and mortality of gastric 49 
cancer remain very high in northeastern Asian countries2,3. Despite significant progress in the 50 
field of cancer therapeutics, the prognosis of patients with advanced gastric cancer remains 51 
poor, with a five-year survival rate of approximately 25%4-7. Thus, there is an urgent need for 52 
the development of new therapeutic strategies for gastric cancer 53 
 54 
The treatment of gastric cancer is challenging because of its high heterogeneity8,9. Thus, the 55 
question of how to address the challenges of tumor heterogeneity to realize precision medicine 56 
is central to cancer research. In vitro and in vivo models play crucial roles in elucidating the 57 
heterogeneous mechanisms and biology of gastric cancer. However, although there are 58 
numerous gastric cancer cell lines and many conventional transgenic mouse models for 59 
preclinical research, the disadvantages of these models limit their applications10. Because the 60 
characteristics of these models have changed in culture, they no longer model tumor 61 
heterogeneity, and their responses have not been able to predict responses in humans11. These 62 
issues severely limit the possibility of identifying subgroups of cancer patients that will respond 63 
to targeted drugs. The short-term culture of primary tumors provides a relatively rapid and 64 
personalized way to investigate anticancer pharmacological properties, which will likely be the 65 
hallmark of personalized cancer treatment. 66 
 67 
Patient-derived xenografts (PDXs) are preferred as an alternative preclinical model for drug 68 
response profiling12. In addition, PDX models offer a powerful tool for studying the initiation 69 
and progression of cancer13,14. PDX models preserve the histologic appearance of cancer cells, 70 
retain intratumoral heterogeneity, and better reflect the relevant human components of the 71 
tumor microenvironment15,16. However, the limitation of the widely used PDX models is the low 72 
success rate for establishing and serially propagating human solid tumors. In this study, 73 
decently successful methods for establishing PDX models and primary cell lines are described. 74 
 75 
PROTOCOL: 76 
 77 
This human study was approved by the Institutional Ethics Review Board of Sun Yat-sen 78 
University Cancer Center (SYSUCC, Guangzhou, China). The animal study was approved by the 79 
Institutional Animal Care and Use Committee of Sun Yat-sen University. 80 
 81 
1. Sample preparation 82 
 83 
1.1. Obtain gastric cancer tissues (P0 = passage 0) directly from the operation. The tumor 84 
specimen should be larger than 0.5 cm3. 85 
 86 
1.2. Prepare 3-4 mL of stock solution: for example, RPMI-1640 medium (1x) supplemented 87 
with 10% fetal bovine serum (FBS), 100 U/mL penicillin and 0.1 mg/mL streptomycin. 88 



  

 89 
1.3. Put the fresh tumor specimen in the stock-solution at 4 °C for no more than 4 hours. 90 
 91 
2. Establishment of PDX model (Figure 1) 92 
 93 
2.1. To ensure a sterile surgical area, disinfect all materials with ultraviolet light for more 94 
than 30 min before transfer into the animal laboratory.  95 
 96 
2.2. Using forceps and scissors, carefully dissect the tumor tissues and trim them into several 97 
small pieces (approximately 1 mm3 cubes) under sterile conditions. 98 
 99 
2.3. Anesthetize female 5- to 7-week-old NOD-SCID-IL2rg (NSG) mice by exposure to 1-1.5% 100 
isoflurane with an anesthesia machine. 101 
 102 
2.3.1. Moisten 3-4 cotton balls with 99.9% isoflurane, and place them in a 50 mL centrifuge 103 
tube. Anesthetize the mouse until it stops struggling but maintains even breathing.  104 
 105 
NOTE: The 50 mL tube is a simple equipment that functions similar to an anesthesia machine. 106 
The use of veterinary eye ointment to prevent dryness is unnecessary due to the short 107 
operation time. 108 
 109 
2.4. Make a 1 cm incision on both dorsal flanks using sterile scissors, and implant one tumor 110 
piece into each flank of the mouse. 111 
 112 
2.4.1. To ensure that the tumor piece does not slip out, use sterile forceps to disrupt the 113 
subcutaneous tissue. Then, clip a piece of the tumor tissue, and place it into the deep site. 114 
 115 
2.5. Close the implant area by subcutaneous suture with surgical suture needles, and mark 116 
the mouse ears with labeled ear tags 117 
 118 
2.6. Sterilize the wound with iodine. 119 
 120 
2.7. Gently place the mice in an empty cage after surgery while maintaining sternal 121 
recumbency. Pay close attention to the condition of the mice; they wake up and begin to walk 122 
approximately 3-4 min later. Place mice that underwent surgery in another new cage separated 123 
from those not subjected to surgery. 124 
 125 
2.8. Assess tumor size by palpation of the implantation site. Measure the tumors with a 126 
Vernier caliper twice a week. 127 
 128 
2.9. Once the tumor reaches 10 mm in diameter, the animal condition worsens, or the 129 
tumor ulcerates, euthanize the mouse with an IRB approved method. Reimplant harvested 130 
fresh tumor fragments into 2 new mice for passaging, or temporarily store the specimens in 131 
PBS on ice for the isolation of primary cell lines. 132 



  

 133 
3. Tissue cryopreservation 134 
   135 
NOTE: This part primarily references the methods for the Live Tissue Kit Cryo Kit. The main kits 136 
and equipment are listed in the Table of Materials. 137 
 138 
3.1. Euthanize the mice with an IRB approved method when the tumor is greater than 10 139 
mm in diameter.  140 
 141 
3.2. Using sterile forceps and scissors, slowly isolate the tumor from the mice. 142 
 143 
3.3. Wash the tumor tissues with DPBS in a 10 cm dish. Dissect and remove necrotic areas, 144 
fatty tissue, blood clots and connective tissue with forceps and scissors. 145 
 146 
3.4. Cut the tumor tissues to a maximum 1 mm thickness with a mold. 147 
 148 
3.5. Wash the slices with DPBS in a 10 cm dish. 149 
 150 
NOTE: The vitrification process involves the use of tubes labeled V1/V2/V3 in steps 3.6-3.8. The 151 
main ingredients are DMSO and sucrose. 152 
 153 
3.6. Transfer the slices into tube V1 with forceps, and incubate the tube at 4 °C for 4 min. 154 
Roll and invert the tube briefly, and place it at 4 °C for another 4 min. 155 
 156 
3.7. Pour the V1 solution and slices into a 10 cm dish. Transfer the slices into tube V2 with 157 
forceps, and incubate tube V2 at 4 °C for 4 min. Roll and invert the tube briefly, and place it at 4 158 
°C for another 4 min. 159 
 160 
3.8. Pour the V2 solution and slices into a 10 cm dish. Transfer the slices into tube V3 with 161 
forceps, and incubate the tube at 4 °C for 5 min. Roll and invert the tube briefly, and place it at 162 
4 °C for at least 5 min. Make sure the slices all sink to the bottom of the tube.  163 
 164 
3.8.1. If several slices remain floating, roll and invert the tube briefly, and place the tube at 4 165 
°C again until all slices sink completely; if necessary, discard the floating slices. 166 
 167 
3.9. Pour the V3 solution and slices into a 10 cm dish. 168 
 169 
3.10. Cut the tissue holders to the proper length, and place them on sterile gauze. Transfer 170 
the slices onto the holders. Wrap the holders with the gauze, and place them in liquid nitrogen 171 
using forceps, followed by incubation for 5 min. 172 
 173 
3.11. Label the cryogenic vials with the tissue information. 174 
 175 
3.12. Transfer the holders with tissue slices into cryogenic vials, which are stored in liquid 176 



  

nitrogen. 177 
 178 
4.  Isolation of primary cells (Figure 2) 179 
 180 
4.1. Sterilize forceps and scissors with high pressure steam at 121 °C for 30 min. 181 
 182 
4.2. Resect gastric cancer samples from resected specimens or harvested PDX tissues. Place 183 
the tissues on ice, and then, transfer the tissues to a 10 cm sterile culture dish. 184 
 185 
4.3. Dissect and remove necrotic areas, fatty tissue, blood clots and connective tissue with 186 
forceps and scissors. 187 
 188 
4.4. Wash the tumor tissues once with DPBS containing 100 U/mL penicillin and 0.1 mg/mL 189 
streptomycin in a 10 cm dish. 190 
 191 
4.5. Cut the tumor tissue into 1 cm3 pieces on the lid of the dish; the maximum thickness of 192 
each piece should be 1 mm. 193 
 194 
4.6. Transfer the tissues into a 50 mL centrifuge tube with approximately 7 mL of type 1 195 
collagenase and trypsin (1:14) solution. Vortex the mixture briefly. 196 
 197 
4.7. Incubate the tube in a water bath at 37 °C for 30-40 min. Vortex the mixture every 5 min. 198 
 199 
4.8. Add an equal volume of RPMI-1640 medium (1x) supplemented with 10% FBS to the 200 
tube. Vortex the mixture thoroughly. 201 
 202 
4.9. Transfer the mixture into a new 50 mL centrifuge tube by slow filtration through a 40 203 
μm filter. 204 
 205 
NOTE: Use 40 μm filters to ensure a higher ratio of cancer cells. If necessary, 100 μm filters can 206 
be used to preserve more types of cells, such as immunological cells. 207 
 208 
4.10. Centrifuge the filtrates at 113-163 x g for 5-7 min at RT. Carefully remove the 209 
supernatant.  210 
 211 
4.11. Wash the pellet with 5 mL of PBS, and carefully remove the supernatant.  212 
 213 
4.12. If the pellet is red, it contains many erythrocytes. Gently resuspend the pellet with 500 214 
μL of red blood cell lysis buffer. After a 5 min incubation, add 5 mL of PBS, and carefully remove 215 
the supernatant. 216 
 217 
4.13. Resuspend the pellet with culture medium, and transfer the mixture to a sterile 10 cm 218 
dish. 219 
 220 



  

4.14. Replace the medium with serum-containing medium every 2-3 days. 221 
 222 
4.15. Passage the primary cells using trypsin/EDTA when they reach 50% confluence. 223 
 224 
REPRESENTATIVE RESULTS:  225 
Here, tumor tissues from an operation were preserved in stock solution until the next step. 226 
Within 4 hours, tumor tissues were cut into small pieces and implanted into the dorsal flanks of 227 
NSG mice that had been anesthetized using isoflurane-soaked cotton. Tumors larger than 1 cm3 228 
could be resected for implantation into new mice (Figure 1) or sliced carefully and preserved in 229 
liquid nitrogen following the protocol. In this study, the first-generation tumors grew more 230 
slowly than those in later generations, taking 3 weeks or longer to reach the appropriate size. 231 
The success rate of first-generation subcutaneous tumor formation was greater than 80%. We 232 
confirmed the identity of the cancer cells from PDX models by H&E staining under a microscope 233 
(Figure 3C). Finally, the success rate of tumor formation from cryopreserved tumor tissue was 234 
approximately 95%. 235 
 236 
Primary cancer cells were isolated as another way to investigate the individual tumor. The cells 237 
were isolated from either operative specimens or PDX models. The tumor tissues were washed 238 
with DPBS and cut into pieces. The tissue fragments were digested thoroughly with type 1 239 
collagenase and trypsin (1:14) before filtration. After removing erythrocytes, the cells were 240 
cultured in the same way as other cancer cells. The surviving mesenchymal cells die in 241 
subsequent passages (Figure 2). Based on differences in morphology, we can easily recognize 242 
tumor cells. Normal cells have a uniform shape and size, but cancer cells come in various sizes 243 
and shapes. Additionally, in cancer cells, the nucleus has irregular structures and a relatively 244 
small cytoplasm. Therefore, the primary cells were authenticated independently by two 245 
pathologists under a microscope (Figure 3A). For further confirmation, H&E staining was used 246 
to observe cancer cell morphology after fixation (Figure 3B). The rate of successful isolation of 247 
primary cell lines was approximately 40%. The primary cells must be passaged 4 or 5 times after 248 
isolation, and pathological authentication is needed. These steps may take approximately 20 249 
days. 250 
 251 
FIGURE AND TABLE LEGENDS: 252 
 253 
Figure 1. Schema for the establishment of patient-derived xenograft (PDX) models.  254 
To successfully establish PDX models, resect the tumor masses in the operating room for 255 
immediate processing. Divide the tumor into several small pieces. Put isoflurane-soaked cotton 256 
balls in a 50 mL tube to anesthetize the mice, and cut wounds in dorsal flanks. Blunt dissect 257 
subcutaneous tissues with forceps, and use forceps to place one piece of the tumor 258 
subcutaneously away from the wound. Suture and sterilize the wounds. The anesthesia process 259 
requires careful monitoring of mouse vital signs, such as respiration rate. 260 
 261 
Figure 2. Schema for the isolation of primary cells. 262 
Obtain tumor specimens from the operating room. Quickly wash the tumor tissues, and cut 263 
them into pieces. Digest the tumor specimens with type 1 collagenase and trypsin at 37 °C for 264 



  

30-40 min, mixing the tube every 5 min. Then, add an equal volume of medium with 10% FBS, 265 
centrifuge the mixture, and place the filtrate into a new tube. Remove the supernatant, and 266 
wash the pellet. Based on the color of the pellet, decide whether to lyse red blood cells. 267 
Transfer the pellet into a new 10 cm sterile dish, and culture the cells for several passages prior 268 
to cancer cell screening. 269 
 270 
Figure 3. Authentication of primary cancer cells. 271 
(A) Primary cell images from GC patients. The cells were isolated directly from fresh tissues 272 
and passaged more than 5 times. Scale bars: 200 μm (left), 100 μm (middle) and 50 μm (right). 273 
(B) Pictures of H&E-stained primary gastric cancer cells. Scale bars: 500 μm (left), 200 μm 274 
(middle) and 100 μm (right). (C) Pictures of H&E-stained PDX tumors. Scale bars: 500 μm (left), 275 
200 μm (middle) and 100 μm (right). 276 
 277 
DISCUSSION:  278 
Gastric cancer is an aggressive disease with limited therapeutic options; thus, models of gastric 279 
cancer have become a critical resource to enable functional research studies with direct 280 
translation to the clinic4,8,17. Here, we have described the methods and protocol of establishing 281 
gastric cancer PDX models and primary cell lines. Importantly, both morphological and 282 
biological characteristics of gastric cancer specimens were mostly retained in the PDX models. 283 
 284 
There are some critical points in the protocol for establishing PDX models that need to be 285 
emphasized to increase the engraftment rate. NSG (NOD-SCID-IL2rg) mice are recommended as 286 
the immunodeficient mouse model because these mice are more severely immunosuppressed 287 
and are deficient in T, B and NK cells18-21. Additionally, due to the severe immunodeficiency of 288 
the mice, sterility must be maintained in all experiments. All tools, including forceps and 289 
scissors, must be kept sterile. NSG mice should be bred at a low density to avoid infection. In 290 
addition, many factors might also affect tumor formation, such as the sample size, proportion 291 
of mesenchymal cells in the specimen, and implantation site. 292 
 293 
One key aspect in the establishment of primary cancer cells is sterility. Furthermore, because 294 
mesenchymal cells usually grow faster than primary cancer cells, cells may need to be passaged 295 
for several generations until the mesenchymal cells die out. Finally, the cultured cells need to 296 
be authenticated. 297 
 298 
We used the vitrified cryopreservation method to preserve the PDX tumor samples. The main 299 
merits of this preservation method are as follows: 1) long-term storage after freezing is possible 300 
(approximately 10 years); 2) the morphology after thaw is consistent with that of the fresh 301 
tissue; 3) primary tumor cells can still be isolated after thawing; 4) the tumor-formation ability 302 
of PDXs remains basically unchanged before and after cryopreservation; 5) the tissues can be 303 
used to make frozen sections and can be fixed with paraffin; 6) DNA, RNA and protein activity is 304 
preserved; and 7) this method is applicable for both surgical specimens and biopsy tissues. 305 
 306 
The major limitation of PDX models involves the use of immunocompromised mice, which may 307 
attenuate the impact of the tumor microenvironment on tumor growth and drug responses and 308 



  

thus limit the application of PDX models in screening immunomodulatory agents. Additionally, 309 
it typically takes 4-8 months to develop a PDX model, which is longer than the expected survival 310 
of many gastric patients. For this reason, establishing primary cancer cell lines may be an 311 
effective complementary method for drug response studies. 312 
 313 
PDX models and primary cell lines are becoming an integral part of drug development and the 314 
initiation and progression of tumor biology research. These models offer more accurate 315 
representations of human cancer than traditional cancer cell lines and have the potential to 316 
improve the preclinical evaluation of novel anticancer therapies. In addition, these models may 317 
be useful in comparing molecular characteristics or tumor signatures between different 318 
subgroups of cancer patients. There is no doubt that these tools will eventually play a broader 319 
role in drug development and cancer biology research. 320 
 321 
ACKNOWLEDGMENTS:  322 
This work was supported by the National Natural Science Foundation of China (81572392); the 323 
National Key Research and Development Program of China (2016YFC1201704); Tip-top 324 
Scientific and Technical Innovative Youth Talents of Guangdong Special Support Program 325 
(2016TQ03R614). 326 
 327 
We specifically thank Guangzhou Sagene Biotech Co., Ltd. for aid in the preparation of the 328 
figures. 329 
 330 
DISCLOSURES:  331 
The authors have nothing to disclose. 332 
 333 
REFERENCES: 334 
1. Bray, F. et al. Global cancer statistics 2018: GLOBOCAN estimates of incidence and 335 
mortality worldwide for 36 cancers in 185 countries. Ca-a Cancer Journal for Clinicians. 68  (6), 336 
394-424 (2018). 337 
2. Sugano, K., Screening of gastric cancer in Asia. Best Practive & Research in Clinical 338 
Gastroenterology. 29 (6), 895-905 (2015). 339 
3. Nikfarjam, Z. et al. Demographic survey of four thousand patients with 10 common 340 
cancers in North Eastern Iran over the past three decades. Asian Pacific Journal of Cancer 341 
Prevention. 15 (23), 10193-8 (2014). 342 
4. Coccolini, F. et al. Advanced gastric cancer: What we know and what we still have to 343 
learn. World Journal of Gastroenterology. 22 (3), 1139-59 (2016). 344 
5. Goetze, O.T. et al. Multimodal treatment in locally advanced gastric cancer. Updates in 345 
Surgery. 70 (2), 173-179 (2018). 346 
6. Graziosi, L., E. Marino, and A. Donini, Multimodal Treatment of Locally Advanced Gastric 347 
Cancer: Will the West Meet the East? Annals of Surgical Oncology. 26 (3), 918 (2019). 348 
7. Choi, Y.Y., S.H. Noh, and J.H. Cheong, Evolution of Gastric Cancer Treatment: From the 349 
Golden Age of Surgery to an Era of Precision Medicine. Yonsei Medical Journal. 56 (5), 1177-85 350 
(2015). 351 
8. Zhang, W., TCGA divides gastric cancer into four molecular subtypes: implications for 352 



  

individualized therapeutics. Chinese Journal of Cancer Research. 33 (10), 469-70 (2014). 353 
9. Tirino, G. et al. What's New in Gastric Cancer: The Therapeutic Implications of Molecular 354 
Classifications and Future Perspectives. International Journal of Molecular Sciences. 19 (9) 355 
(2018). 356 
10. Roschke, A.V. et al. Karyotypic complexity of the NCI-60 drug-screening panel. Cancer 357 
Research. 63 (24), 8634-47 (2003). 358 
11. Wilding, J.L. and W.F. Bodmer, Cancer cell lines for drug discovery and development. 359 
Cancer Research. 74 (9), 2377-84 (2014). 360 
12. Siolas, D. and G.J. Hannon, Patient-derived tumor xenografts: transforming clinical 361 
samples into mouse models. Cancer Research. 73 (17), 5315-9 (2013). 362 
13. Xu, C. et al. Patient-derived xenograft mouse models: A high fidelity tool for 363 
individualized medicine. Oncology Letters. 17 (1), 3-10 (2019). 364 
14. Lai, Y. et al. Current status and perspectives of patient-derived xenograft models in 365 
cancer research. Journal OF Hematology & Oncology. 10 (1), 106 (2017). 366 
15. Kawaguchi, T. et al. Current Update of Patient-Derived Xenograft Model for 367 
Translational Breast Cancer Research. Journal of Mammary Gland Biology and Neoplasia. 22 (2), 368 
131-139 (2017). 369 
16. Cassidy, J.W., C. Caldas, and A. Bruna, Maintaining Tumor Heterogeneity in Patient-370 
Derived Tumor Xenografts. Cancer Research. 75 (15), 2963-8 (2015). 371 
17. Liu, X. and S.J. Meltzer, Gastric Cancer in the Era of Precision Medicine. Cellular and 372 
Molecular Gastroenterology and Hepatology. 3 (3), 348-358 (2017). 373 
18. Shultz, L.D. et al. Human cancer growth and therapy in immunodeficient mouse models. 374 
Cold Spring Harbor Protocols. 2014 (7), 694-708 (2014). 375 
19. McDermott, S.P. et al. Comparison of human cord blood engraftment between 376 
immunocompromised mouse strains. Blood. 116 (2), 193-200 (2010). 377 
20. Ito, M. et al. NOD/SCID/gamma (c) (null) mouse: an excellent recipient mouse model for 378 
engraftment of human cells. Blood. 100 (9), 3175-82 (2002). 379 
21. Wege, A.K. et al. Co-transplantation of human hematopoietic stem cells and human 380 
breast cancer cells in NSG mice: a novel approach to generate tumor cell specific human 381 
antibodies. MAbs. 6 (4), 968-77 (2014). 382 
 383 



Figure 1 Click here to access/download;Figure;Fig 1.tif

https://www.editorialmanager.com/jove/download.aspx?id=1026696&guid=1ed3d9d2-643d-4737-8618-0e88cc6ed93e&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1026696&guid=1ed3d9d2-643d-4737-8618-0e88cc6ed93e&scheme=1


Figure 2 Click here to access/download;Figure;FIGURE 2-20190326.jpg

https://www.editorialmanager.com/jove/download.aspx?id=1026697&guid=1c41373a-0ff7-494f-b726-817dcc363f43&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1026697&guid=1c41373a-0ff7-494f-b726-817dcc363f43&scheme=1


Figure 3 Click here to access/download;Figure;FIGURE 3-20190326.tif

https://www.editorialmanager.com/jove/download.aspx?id=1026698&guid=e89e99d1-21b6-4b98-81d2-3bd423719d96&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1026698&guid=e89e99d1-21b6-4b98-81d2-3bd423719d96&scheme=1


Name of Material/ Equipment Company

40 μm Cell Strainer Biologix, Shandong, China

Biological Microscope OLYMPUS, Tokyo, Japan

Centrifuge Eppendorf, Mittelsachsen, Germany.

CO2 Incubator Thermo Fisher Scientific, Carlsbad, California, USA

DPBS Basalmedia Technology, Shanghai, China

Electro-Thermostatic Water Cabinet Yiheng, Shanghai, China

Fetal bovine serum Wisent Biotechnology, Vancouver, Canada

Isoflurane Baxter, China

Live Tissue Kit Cryo Kit Celliver Biotechnology, Shanghai, China

Live Tissue Thaw Kit Celliver Biotechnology, Shanghai, China

NSG Biocytogen, Beijing, China

Penicilin&streptomycin Thermo Fisher Scientific, Carlsbad, California, USA

Red blood cell lysis buffer Solarbio, Beijing, China

RPMI-1640 medium Thermo Fisher Scientific, Carlsbad, California, USA

Surgical Suture Needles with Thread LingQiao, Ningbo, China

Tissue-processed molds and auxiliary bladesCelliver Biotechnology, Shanghai, China

Trypsin-EDTA Thermo Fisher Scientific, Carlsbad, California, USA

Type 1 collagenase Thermo Fisher Scientific, Carlsbad, California, USA

Table of Materials Click here to access/download;Table of
Materials;JoVE_Materials.xlsx

https://www.editorialmanager.com/jove/download.aspx?id=1026249&guid=321da97d-7c2e-413a-89ac-b8eab108e538&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1026249&guid=321da97d-7c2e-413a-89ac-b8eab108e538&scheme=1


Catalog Number Comments/Description

15-1040

OLYMPUS CKX41

5427R

HERACELL 150i

L40601

DK-8AXX

86150040

CN2L9100

LT2601

LT2602

B-CM-002-4-5W

15140122

R1010

8118367

3/8 arc 4×10

LT2603

2003779

17100017



ARTICLE AND VIDEO LICENSE AGREEMENT 
 

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051. 

Title of Article:  
 
Author(s):  
 
 
Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

� Standard Access  � Open Access
 
Item 2: Please select one of the following items: 

� The Author is NOT a United States government employee. 

� The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

� The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

 
ARTICLE AND VIDEO LICENSE AGREEMENT 

 
1. Defined Terms. As used in this Article and Video 
License Agreement, the following terms shall have the 
following meanings: “Agreement” means this Article and 
Video License Agreement; “Article” means the article 
specified on the last page of this Agreement, including any 
associated materials such as texts, figures, tables, artwork, 
abstracts, or summaries contained therein; “Author” 
means the author who is a signatory to this Agreement; 
“Collective Work” means a work, such as a periodical issue, 
anthology or encyclopedia, in which the Materials in their 
entirety in unmodified form, along with a number of other 
contributions, constituting separate and independent 
works in themselves, are assembled into a collective whole; 
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the 
terms and conditions of which can be found at: 
http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based 
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement, 
dramatization, fictionalization, motion picture version, 
sound recording, art reproduction, abridgment, 
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; “Institution” means 
the institution, listed on the last page of this Agreement, by 
which the Author was employed at the time of the creation 
of the Materials; “JoVE” means MyJove Corporation, a 
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article 
and / or the Video; “Parties” means the Author and JoVE; 
“Video” means any video(s) made by the Author, alone or 
in conjunction with any other parties, or by JoVE or its 
affiliates or agents, individually or in collaboration with the 
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article 
and create and transmit videos based on the Article. In 
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video. 
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive, 
royalty-free, perpetual (for the full term of copyright in the 
Article, including any extensions thereto) license (a) to 
publish, reproduce, distribute, display and store the Article 
in all forms, formats and media whether now known or 
hereafter developed (including without limitation in print, 
digital and electronic form) throughout the world, (b) to 
translate the Article into other languages, create 
adaptations, summaries or extracts of the Article or other 
Derivative Works (including, without limitation, the Video) 
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such 
translations, adaptations, summaries, extracts, Derivative 
Works or Collective Works and(c) to license others to do any 
or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter 
devised, and include the right to make such modifications 
as are technically necessary to exercise the rights in other 
media and formats. If the “Open Access” box has been 
checked in Item 1 above, JoVE and the Author hereby grant 
to the public all such rights in the Article as provided in, but 
subject to all limitations and requirements set forth in, the 
CRC License. 
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ARTICLE AND VIDEO LICENSE AGREEMENT 
 

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051. 

4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the 
Institution’s website or the Author’s personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE’s copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author. 
5. Grant of Rights in Video – Standard Access. This 
Section 5 applies if the “Standard Access” box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, Subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE. 
6. Grant of Rights in Video – Open Access. This 
Section 6 applies only if the “Open Access” box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License. 
7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author’s name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under 
all applicable privacy, likeness, personality or similar laws. 
10. Author Warranties. The Author represents and 
warrants that the Article is original, that it has not been 
published, that the copyright interest is owned by the 
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any 
other party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed 
at the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 





March 29, 2019 

 

Dear Dr. Nguyen, 

Thank you for your decision letter dated March 15th, 2019, regarding our 

manuscript JoVE59871, entitled "Establishment of gastric cancer patient-

derived xenograft models and primary cell lines". We have taken the 

points raised by the editors and reviewers and added necessary data as 

the reviewer suggested. We are now re-submitting a revised manuscript 

with point-to-point responses to the critiques. I hope that you will find 

that the current version of our manuscript is suitable for publication in 

Journal of Visualized Experiments. 

 

If you have any question regarding the re-submitted manuscript, please 

do not hesitate to contact me.  

 

Sincerely yours, 

 

Zhao-lei Zeng, M.D., Ph.D. 

State Key Laboratory of Oncology in South China 

Sun Yat-sen University Cancer Center 
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Response to Editor 

Point 1: Please take this opportunity to thoroughly proofread the 

manuscript to ensure that there are no spelling or grammar issues. The 

JoVE editor will not copy-edit your manuscript and any errors in the 

submitted revision may be present in the published version. 

RESPONSE: Thank you for the reminder. We have modified several 

sentences for ensuring no errors in the manuscript. 

Point 2: Please revise lines 44-46 and 241-242 to avoid previously 

published text. 

RESPONSE: Thank you for the reminder. We conscientiously re-wrote 

these sentences. 

Point 3: Authors and affiliations: Please provide an email address for each 

author. 

RESPONSE: Thanks for the reminder. We have renewed information of 

each author. 

Point 4: Keywords: Please provide at least 6 keywords or phrases. 

RESPONSE: Thank you for the suggestion. We added the keyword of 

“tissue cryopreserved” in this manuscript. 

Point 5: Please define all abbreviations before use. 

RESPONSE: Thank you for the reminder. We defined all abbreviations in 

the text. 

Point 6:  Please use SI abbreviations for all units: L, mL, µL, h, min, s, etc. 



Please use the micro symbol µ instead of u and abbreviate liters to L (L, 

mL, µL) to avoid confusion. 

RESPONSE: Thanks for the suggestion. We have revised all wrong usages. 

Point 7: Please include a space between all numerical values and their 

corresponding units: 15 mL, 5 g, 7 cm, 37 °C, 60 s, 24 h, etc. 

RESPONSE: Thanks for the reminder. We have checked this point all 

through the text. 

Point 8: Please include an ethics statement before the numbered protocol 

steps, indicating that the protocol follows the guidelines of your 

institution’s human research ethics committee. 

RESPONSE: Thanks for the reminder. We added several related statements 

in 2 steps, such as 1.1, 4.1. 

Point 9: Please include an ethics statement before your numbered 

protocol steps, indicating that the protocol follows the animal care 

guidelines of your institution. 

RESPONSE: Thanks for the reminder. We added the ethics statements 

before the related protocol steps. 

Point 10: Please remove commercial language (LiveTissue kit (Celliver 

International Inc.)) from the manuscript text. 

RESPONSE: Thanks for the suggestion. We have deleted this commercial 

language.  

Point 11: Please revise the Protocol to contain only action items that direct 



the reader to do something (e.g., “Do this,” “Ensure that,” etc.). The 

actions should be described in the imperative tense in complete sentences 

wherever possible. Avoid usage of phrases such as “could be,” “should be,” 

and “would be” throughout the Protocol. Any text that cannot be written 

in the imperative tense may be added as a “NOTE.” Please include all 

safety procedures and use of hoods, etc. However, notes should be used 

sparingly and actions should be described in the imperative tense 

wherever possible. 

RESPONSE: Thanks for the advice. We have revised the protocol according 

to the advice. 

Point 12: Please add more details to your protocol steps. There should be 

enough detail in each step to supplement the actions seen in the video so 

that viewers can easily replicate the protocol. Please ensure you answer 

the “how” question, i.e., how is the step performed? Alternatively, add 

references to published material specifying how to perform the protocol 

action. See examples below. 

Point 13: 1.1, 4.1: Please specify the tumor tissue type. 

RESPONSE: Thanks for the suggestion. We have compensated the tissue 

type in 1.1 and 4.1. 

Point 14: 1.2: Please list an approximate volume to prepare. 

RESPONSE: Thanks for the advice. We have listed approximate volume (3-

4 mL) in the step of 1.2. 



Point 15: 2.1: Please specify surgical tools used to dissect and trim. 

RESPONSE: Thanks for the editor’s advice. We added the surgical tools in 

the step of 2.1. 

Point 16: 2.2: Please specify the concentration of isoflurane and mention 

how proper anesthetization is confirmed. 

RESPONSE: Thanks for the editor’s reminder. We added a “Note” below 

the 2.2 step to explain the details. 

Point 17: 2.3: Is the surgical area sterilized? Please describe the 

maintenance of sterile conditions during survival surgery. Also please 

describe what is used to make the incision and how to implant the tumor 

pieces. How many tumor pieces are implanted? 

RESPONSE: Thanks for the editor’s suggestion. The “Note”, below the step 

of 2.3, has been added to specify the details. 

Point 18: 2.4: How to suture wounds and what is used? What is marked? 

RESPONSE: Thanks for the editor’s advice. We have specified the needles 

and ear tags with labels in the step 2.4. 

Point 19: 2.5: Please describe the post-surgical treatment of animal, 

including recovery conditions and treatment for post-surgical pain. 

RESPONSE: Thanks for the editor’s advice. We directly described the step 

2.6 with details. 

Point 20: 3.1: Please describe how to isolate the tumor from the mouse 

and when is this done. Is the mouse scarified and how? 



RESPONSE: Thank you for the suggestion. We re-wrote this step clearly 

and supported details. 

Point 21: 3.3: Are the tissues frozen before cutting? 

RESPONSE: Thank you for the question. The tissue should be cut into thick 

slices before frozen. 

Point 22: 3.5-3.7: What is tube V1/V2/V3? Does it contain any solution? 

RESPONSE: Thank you for the question. We wrote a “Note” below the step 

3.6. Tube V1/V2/V3 mainly contain DMSO and sucrose. 

Point 23: 3.6: What is tube V2? Does it contain any solution? 

RESPONSE: Thanks for the question. We have described the ingredients of 

tube V2 in step 3.6. 

Point 24: 4.2: Please describe how to sterilize forceps and scissors. 

RESPONSE: Thanks for the suggestion. We believe that high pressure 

steam is a useful way to sterilize forceps and scissors in this step. 

Point 25: 4.4: How many times are the tissues washed? Please specify. 

RESPONSE: Thanks for the question. We generally washed once with DPBS 

in this step. 

Point 26: 4.8: Please provide the composition of culture medium. 

RESPONSE: Thanks for editor’s suggestion. RPMI-1640 medium (1 x) 

supplemented with 10% FBS, a common culture medium, could be used 

in this step. 

Point 27: 4.16: What is considered subconfluence? 



RESPONSE: Thanks for editor’s question. We added the detail in the step. 

“Subconfluence” means cell density. We think that the primary cells 

should be passaged when reaching 50% subconfluence. 

Point 28: Please organize the sections/steps properly so that the protocol 

can be followed in chronological order. 

RESPONSE: Thanks for editor’s suggestion. We have re-considered the 

order. The current order is reasonable. 

Point 29: Please reference Figure 1 and Figure 2 in the Protocol. 

RESPONSE: Thanks for the reminder. We have added relevant reference in 

the protocol 2 and 4 respectively. 

Point 30: Figure 1 legend: Please define all abbreviations in Figure 1. 

RESPONSE: Thanks for the reminder. We defined the abbreviation of 

(patients-derived xenografts) in Figure 1 legend. 

Point 31: Figure 2: Please abbreviate liters to L (L, mL, µL) to avoid 

confusion. Please change “163 g” to “163 x g” 

RESPONSE: Thanks for editor’s suggestion. We have corrected these 

mistakes seriously.  

Point 32: Figure 3: Please define the scale of the scale bar. Please describe 

the left, middle and right images in the figure legend. 

RESPONSE: Thanks for editor’s reminder. We have defined the scale bar in 

Figure legend. 

Point 33: Table of Materials: Please ensure that it has information on all 



relevant supplies, reagents, equipment and software used, especially 

those mentioned in the Protocol. Please sort the items in alphabetical 

order according to the name of material/equipment. 

RESPONSE: Thanks for editor’s suggestion. We have renewed and 

supplied information in this part. Then, we re-sorted the items with 

alphabetical order. 

Point 34: References: Please do not abbreviate journal titles. 

RESPONSE: Thanks for editor’s reminder. We have updated the references’ 

style. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Response to Reviewers 

The reviewer raised some questions and suggestions. We wish to take this 

opportunity to thank the reviewers for their valuable input. To fully 

address them, we performed additional analyses as well as implementing 

changes to the manuscript. Below, we summarize the reviewers’ 

comments, and describe point-by-point how we have addressed them. 

 

Reviewer #1: 

Point 1: In the part of tissue cryopreserved, many protocols have been 

reported only use DMSO and FBS to store live tissues, the author could 

discuss the advantages and disadvantages respectively about two 

different methods. 

Response: Thanks for the reviewer’s question. Generally, due to the 

uncertain composition of fetal bovine serum (FBS) and the poor stability 

of solution, the success rate is low by using directly DMSO and FBS. Also, 

it is difficult to retain the original heterogeneity of tumor. Therefore, 

storing live tissues only with FBS and DMSO reduced the application 

values and the ability of clinical transformation.  

All in all, the vitrified cryopreservation successfully broke through former 

problems, whose main merits include 1) long-term storage after freezing 

is available (about 10 years); 2) the morphological function after 

resuscitation will be consistent with the fresh tissues; 3) primary tumor 



cells can still be isolated after resuscitation; 4) the tumor-forming ability 

of PDX remains basically unchanged before and after cryopreservation; 5) 

the tissues can replace frozen sections and fixed tissues with paraffin; 6) 

the preservation of DNA, RNA and protein activities is realizable; 7) both 

surgical specimens and biopsy tissues are applicable. We added this part 

in the Discussion. 

 

Point 2: many protocols are related to the isolation of primary cell lines 

online, majority of them use 100 µm filter to isolate cells. The author 

should explain that why they use 40 µm filter in this paper. 

Response: Thanks for the reviewer’s question. Different filters could 

isolate various cells of different size. For ensuring higher ratio of cancer 

cells, we chose 40 μm filters. If necessary, 100 μm filters could be used to 

preserve more types of cells, such as immunological cells and so on. 

 

Point 3: In the schemas of Figure 1 and 2, the initial of each sentence 

should be capitalized. 

Response: Thanks for the reviewer’s reminder. We have corrected these 

mistakes.  

 

Point 4: In Figure 3, some HE staining of pictures of GC markers for 

authentication might be provided. 



Response: Thank you for the suggestion. We provided H&E staining 

pictures of primary gastric cancer cells and PDX tissues for authentication 

in Figure 3.  

 

Reviewer #2: 

Point: No results. i.e. How many cultures were successful? 

Response: Thanks for reviewer’s question. The success rates were added 

in the Results. The success rate of establishment of PDX models is more 

than 80%; the success rate of resuscitation about 95%; the success rate of 

primary cell lines isolation was approximately 40%. 

 

Reviewer #3: 

Main point 1: the authors argue that long-term established gastric cancer 

cell lines change in culture and no longer retain tumor heterogeneity, 

while gastric cancer is challenging because of its high intratumoral 

heterogeneity. Although the authors target this issue by providing a 

protocol to establish PDX models with a better representation of tumor 

heterogeneity, the same argument could be applied to primary cancer cell 

lines undergoing selection when growing in culture. Thus it would be 

desirable to obtain both a PDX model and matched primary cell line from 

the same patient with the protocols provided in this manuscript, to be 

able to assess whether heterogeneity is retained either in PDX models or 



both models. Therefore, the authors should include the success rates of 

the protocol ('decent' is currently mentioned) to establish both PDX 

models and primary cell lines from multiple patients. 

Response: Thank you very much for review’s suggestion. Nowadays, the 

treatments of gastric cancer are challenged by high intratumoral 

heterogeneity. Our projects mainly studied gastric cancer, to clarify 

complex mechanisms and explore unknown targets are major parts in our 

team. Obviously, these protocols are the first step to establish tools and 

platforms. Based on long-term researches, we found that our methods 

retained tumor heterogeneity in every specimen whatever before or after 

resuscitation, which helped us to build matched primary cell line as soon 

as possible. Furthermore, we have done exon sequencing in every PDX 

models and authenticated each matched primary cell line. However, the 

primary cells may still lose the heterogeneity as time goes by. We will re-

check the cells at different time points in the future. The success rate of 

establishment of PDX models is more than 80%; the success rate of 

resuscitation about 95%; the success rate of primary cell lines isolation 

was approximately 40%. We have added these data in the Results. 

Main point 2: the main argument to establish primary cell lines next to 

PDX models is that the time frame is shorter for creating primary cell lines. 

In this way, antitumoral pharmacological properties can be assessed in a 

short-term manner. However, in this reviewer's experience establishing a 



primary cell line from esophagogastric cancer tissue can take several 

weeks to months to establish before actual pharmacological experiments 

can be performed. Therefore, the authors should include the average time 

it takes to establish a gastric primary cancer cell line and give a realistic 

timeline to use this for the clinic, in order to give a transparent estimation 

of time and feasibility for users of the protocol. 

Response: Thank you very much for review’s advice. According to our 

experience, the primary cells need to be passaged 4 or 5 times after 

isolation and then pathological authentication is needed. All of steps may 

need about 20 days.  

Main point 3: the authors briefly mention in the representative results 

that cells could be isolated from either resected specimens or from PDX 

models. Please include in the protocol what the steps are (e.g. keeping 

tissue on ice) of harvesting the PDX tissue until the beginning of the 

protocol for isolation of primary cells (4.1). 

Response: Thank you very much for review’s suggestion. We 

compensated several details in the step 2.8 and 4.2. 

Main point 4: the representation and information regarding Figure 3 is 

insufficient. The authors should mention whether the visualized cells are 

derived from specimens directly from the operation or PDX material. In 

addition to the number of passages the timeframe from the protocol until 

the images shown would give a better understanding of feasibility of the 



procedure. Similarly photos of PDX models established from the protocol 

should be included. 

Response: Thanks for reviewer’s advice. We have modified Figure 3 

legend and added some pictures in it.  

Main point 5: furthermore, since pathologists have authenticated the 

primary cells as gastric cells, I would suggest the inclusion of an 

established gastric cell line as a positive comparison of a gastric phenotype, 

or show how authentication of the cell lines and PDX specimen was 

performed. 

Response: Thanks for reviewer’s suggestion. We used H&E staining 

pictures showing the positive gastric cell phenotype and PDX specimen.  

 

Minor comments 

Thanks the reviewer very much to mention these flaws, we have corrected 

them in relevant steps.  

Point 1: 1.1Mention the minimal size of the tissue. 

Response: Thanks for the reminder. We consider that the minimal size of 

the tissue in step 1.1 is 0.5 cm3. However, the success rate depends on 

whether contain cancer cells. 

Point 2: In 3.6, 3.7 and 3.8 is mentioned 'pour out the mixture'; while in 

3.4 the liquid was removed. Mention in 3.5, 3.6 and 3.7 which mixture was 

supplemented that should be removed. 



Response: Thanks for the reminder. we have corrected the information in 

step 3.6-3.8.  

Point 3: 4.5 As the minimal amount of tissue can influence the success 

rate, I would suggest mentioning the exact optimal size of a tumor piece 

rather than the maximum thickness of the tumor piece, in order to get the 

best success rate. 

Response: Thanks for reviewer’s suggestion. Based on our experience, 1 

mm-thick slices are more likely to be successfully cryopreserved. 

Point 4: 4.14 Elaborate on the optimal size of the dish in relation to the 

optimal tissue size to be mentioned in 4.5. 

Response: Thanks for reviewer’s reminder. We replenished the tissue size 

(1 cm3) in 4.5 and dish size (10 cm) in 4.14. 

 


