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February 27, 2019 

 

Dear Dr. Jialan Zhang, 

 

Thank you for inviting us to contribute an original research article entitled “Murine 

Appendectomy Model of Chronic Colitis Associated Colorectal Cancer by Precise 

Localization of Caecal Patch” for publication in the Journal of Visualized Experiments. This 

manuscript describes simple and safe surgical methods to establish a cost-effective murine 

appendectomy model which can be used for study of the biological functions of the appendix. 

 

The human appendix has long been thought a useless organ, however recent advances have 

suggested that the appendix may play important roles in various diseases, such as colorectal 

cancer, inflammatory bowel disease and even Parkinson’s disease. In this protocol, we 

demonstrated facile surgical steps of removing the appendix (known as the caecal patch) in 

mice to generate a murine appendectomy model with chronic colitis-associated colorectal 

cancer. There is a significant level reduction of IgA specific plasma cells and fecal IgA 

concentration upon appendectomy in mice, suggesting immunological role of the appendix. 

The appendectomy model is further complicated with chemical (DSS/AOM) induced ulcer 

colitis and colorectal tumors, making this murine model useful in studying the appendix 

functions in intestinal chronic inflammation and colorectal tumorigenesis   

 

We believe that the generated murine appendectomy model of colitis associated colorectal 

cancer will be of great interest to readers in cancer research and medicine. We confirm that 

this manuscript has not been published and is not under consideration for publication 

elsewhere. 

 

We thank you and reviewers in advance for the kind consideration and valuable comments.  

 

Sincerely yours,  

Zhang, Rui Xue (Vicki), PhD, Professor 

Northwestern Polytechnical University, Xi’an, Shaanxi, China 

First Affiliated Hospital, Xi’an Jiaotong University, Xi’an, Shaanxi, China 

 

She, Junjun, Professor 

First Affiliated Hospital, Xi’an Jiaotong University, Xi’an, Shaanxi, China 
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SUMMARY: 35 
The presented protocol describes a facile surgical removal of appendix (caecal patch) in a 36 
mouse followed by the induction of inflammatory bowel disease-associated colorectal cancer. 37 
This murine appendectomy model enables investigation of the biological role of the appendix in 38 
human gastrointestinal disease pathogenesis. 39 
 40 
ABSTRACT: 41 
The human appendix has been recently implicated to play important biological roles in the 42 
pathogenesis of various complex diseases, such as colorectal cancer, inflammatory bowel 43 
disease, and Parkinson’s disease. To study the function of the appendix, a gut disease-44 
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associated murine appendectomy model has been established and is described here. This 45 
report introduces a facile protocol for caecal patch removal in mice followed by the chemical 46 
induction of chronic colitis-associated colorectal cancer using a combination of dextran sulfate 47 
sodium (DSS) and azoxymethane (AOM). IgA-specific plasma cells were significantly reduced 48 
upon removal of the caecal patch in male C57BL/6 mice. Fecal IgA concentration appeared to 49 
be lower in appendectomy mice than those in the sham group. Simultaneously administering 50 
2% DSS and AOM resulted in nearly 80% mice survival in both sham and appendectomy groups 51 
without significant body weight loss. Histological results confirmed colonic inflammation and 52 
different degrees of adenocarcinoma. This model can be used for functional studies of the 53 
appendix’s role in maintaining gut microbiota homeostasis and pathogenesis of gut colitis and 54 
malignancies, as well as for the potential development of drug targeting therapies. 55 
 56 
INTRODUCTION: 57 
 58 
The clinical appendectomy is a standard surgical procedure involving removal of the appendix 59 
mostly due to inflammation (e.g., appendicitis)1-3. However, the biological function of the 60 
vermiform human appendix remains controversial4-6. The appendix has been regarded as a 61 
vestigial remnant projecting from the cecum in the large bowel. Until recently, evolutionary, 62 
immunological, morphological, and microbiological studies have suggested that the appendix 63 
may possess distinct functions. These roles include the production of immunoglobins (e.g., IgA 64 
and IgG), a variety of B cells and T cells critical for adaptive immune responses within the gut-65 
associated lymphoid tissues (GALTs), and replenishment of the large bowel with commensal 66 
microbiota6-12.  67 
 68 
Clinical epidemiological studies of patients with prior appendectomy or acute appendicitis have 69 
also revealed its potential roles in the pathogenesis of human diseases, such as inflammatory 70 
bowel disease (IBD), colorectal cancer, and non-gastrointestinal disorders (e.g., Parkinson’s 71 
disease and cardiovascular disease)13-18. For example, a large Asian population cohort study 72 
with 75,979 appendectomy patients recently showed a significant association between 73 
appendectomy and subsequent development of colorectal cancer, one of the most common 74 
malignancies with a high incidence and mortality14,19. Accordingly, establishing a suitable animal 75 
appendectomy model that resembles a human will be helpful to investigate the biological 76 
functions and molecular mechanisms of the appendix in the disease pathogenesis. 77 
 78 
Many mammals possess an appendix or appendix-like organ, including primates, lagomorphs 79 
(e.g., rabbits), some rodents, and marsupials20. For small and commonly used laboratory 80 
animals, the rabbit possesses the vermiform appendix morphologically resembling the 81 
human21,22, but GALT in the rabbit is extremely large compared to that in humans, since the 82 
majority of lymphoid tissues are also found in Peyer’s patches located in both small and large 83 
intestines21. Additionally, the rabbit shows a different lymphoid follicular structure, T cell 84 
distribution, and immunoglobulin density from the human, which makes the studying of their 85 
appendices inappropriate21.   86 
 87 
Mice are the most commonly used animal model to study human pathophysiology and test the 88 
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various existing and novel therapuetics23-25. The single white large lymphoid cluster at the apex 89 
of the caecum in mice, known as the caecal patch, is thought to perform functions similar to the 90 
human appendix26-28. Yet, it is practically difficult to separate the caecal patch from caecum in 91 
mice. So far, the common surgical procedures for inducing appendicitis in a mouse model 92 
involve a relatively large incision (e.g., 1–2 cm) through the abdominal wall to gain access to the 93 
whole caecum (Supplemental Table 1)29-36.  94 
 95 
Herein, to generate an appendectomy model associated with gastrointestinal disease, this 96 
report presents a facile surgical protocol for caecal patch removal in mice. This is followed by 97 
the combined administration of the genotoxic agent AOM and pro-inflammatory agent DSS for 98 
the induction of colitis-associated colorectal cancer similar to that seen in humans. IBD has 99 
been shown to be a risk factor of intestinal cancer37,38. The combination of AOM/DSS-induced 100 
chronic colitis-associated colorectal cancer has been well-established, and readers can refer to 101 
Neufert et al., and Thaker et al. for detailed procedures39,40. This reproducible and rapid murine 102 
appendectomy model can be used to study appendix-modulated bowel inflammation and colon 103 
microbiota, especially in the development and progression of IBD and colorectal cancer.  104 
 105 
PROTOCOL: 106 
  107 
All animal procedures were approved by the Institutional Animal Care and Use Committee of 108 
Xi’an Jiaotong University (No. XJTULAC2019-1023). 109 
 110 
1.  Mice appendectomy 111 
 112 
1.1. House 8–10-week-old C57BL/6 male mice in a certified specific-pathogen free (SPF) 113 
environment for 1 week prior to surgery. 114 
 115 
1.2. Prepare the following sterile surgical instruments: one pair of micro-scissors, one pair of 116 
micro-forceps, two sizes (4-0 and 8-0) of sterilized non-absorbable sutures, an electric 117 
coagulation pen with needle holder, 75% medical alcohol, iodine-based scrub (e.g., entoiodine), 118 
and a package of sterile cotton swabs. 119 
 120 
1.3. Fill a 10 mL syringe with pre-warmed 0.9% physiological saline for the abdominal flush and 121 
hydration during surgery. 122 
 123 
1.4. Anesthetize a non-fasted mouse intraperitoneally (i.p.) with 1% sodium pentobarbital at a 124 
dose of 100 mg/kg. Check for the depth of anesthesia by the lack of response to pedal reflexes.  125 
 126 
NOTE: A single anesthetic dose is administered to ensure a full sedative effect in the mouse. 127 
Under the circumstance of short procedures, 50 mg/kg of sodium pentobarbital i.p. may be 128 
sufficient. 129 
 130 
1.5. Gently shave the abdominal hair with an electric shaver. 131 
 132 
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1.6. Lay the mouse on the heating pad to prevent hypothermia. 133 
 134 
1.7. Secure the mouse on a platform in a supine position by placing four strips of medical 135 
adhesive tape across the limbs to prevent postural movement during the surgery. 136 
 137 
1.8. Gently touch the whole abdomen to find the feeling of a bump.  138 
 139 
NOTE: In most cases, the feeling of a bump always indicates the exact position of the caecum. 140 
To avoid possible damage to the rest of the intestine, this pre-locating of the caecum prior to 141 
abdominal incision is important. 142 
 143 
1.9. Cover with a sterile drape and disinfect the shaved area of the abdomen by applying 144 
alternating surgical scrubs of iodine-based solution and 75% alcohol. Repeat the process 2x.  145 
 146 
1.10.  Make a longitudinal incision ranging from 0.5–1.0 cm at the midline of the abdomen. 147 
 148 
1.11. According to the pre-determined location of the caecum, reach the caecum and gently 149 
exteriorize (~1 cm) to identify the caecal patch. Use a sterile, prewarmed saline solution of 150 
physiological pH to hydrate the intestine.   151 
 152 
NOTE: The caecal patch of a mouse is part of the caecum and characterized by the presence of 153 
white ovoid follicles on the surface. 154 
 155 
1.12. To prevent potential complications of the post-operative bleeding and infection, ligate 156 
the mesenteric blood vessels of the caecum using the 8-0 suture. Hydrate the caecum with 157 
sterile saline. 158 
 159 
1.13. Mark the resection region using the 4-0 suture with an open loop near the apex of the 160 
caecum at the proximal colon.  161 
 162 
NOTE: Marking the caecum with an open loop also prevents leakage of caecal content from the 163 
cut. 164 
 165 
1.14.  Cut off the caecal patch below the marked resection using micro-scissors and wipe out 166 
the residual caecal content with medical cotton swabs. Then, disinfect the stump of caecum 167 
with iodine-based scrub. 168 
 169 
1.15. Close the stump with the running suture using the 8-0 suture. 170 
 171 
1.16. Carefully remove the 4-0 thread loop previously used for marking the resection at the 172 
stump of the caecum. 173 
 174 
1.17. Sterilize the sutured position with iodine-based scrub. Rehydrate the surgical site with 175 
saline again.  176 
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 177 
1.18. Close the musculature layer with the running suture using 8-0 suture thread. 178 
 179 
1.19. Close the skin layers using interrupted sutures with 4-0 suture thread.  180 
 181 
1.20. Disinfect the surgical cut 2x with iodine-based scrub, then remove iodine using 75% 182 
medical alcohol. 183 
 184 
1.21. Gently flip the mouse back, subcutaneously (s.c.) inject 0.1 mg/kg body weight of 185 
buprenorphine and 0.4 mL of physiological saline and let the mouse rest on the heat pad until 186 
returning to consciousness.  187 
 188 
1.22. Put the mouse back to the sterile cage and closely monitor for signs of pain for 3 days 189 
post-surgery to ensure recovery.  190 
 191 
NOTE: Post-operative application of 0.05 mg/kg buprenorphine may be needed for pain relief 192 
of the individual mouse. Allow mice to recover for 7 days after surgery for further induction of 193 
colitis-associated colorectal cancer. 194 
 195 
2.  Induction of chronic colitis-associated colorectal cancer with AOM and DSS 196 
 197 
NOTE: Perform this procedure 7 days post-appendectomy.   198 
 199 
2.1.  Prepare AOM stock solution by dissolving 25 mg of AOM in 2.5 mL of 0.9% sterile saline at 200 
a concentration of 10 mg/mL. 201 
 202 
NOTE:  AOM is light-sensitive. 203 
 204 
2.1.1 Aliquot 2.5 mL of prepared AOM stock solution into 5 mL glass tubes wrapped with 205 
aluminum foil and store at -20 ˚C each time upon use. 206 
 207 
2.1.2 Thaw one aliquot of AOM once and dilute it to a concentration of 1 mg/mL with 0.9% 208 
sterile saline (ratio 1:10). 209 
 210 
CAUTION: AOM is extremely carcinogenic; hence, perform the entire preparation procedure in 211 
a fume hood.  212 
 213 
2.2. Dissolve 4 g of DSS powder in 200 mL of autoclaved water to prepare 2% (w/v) DSS 214 
solution. 215 
 216 
NOTE: The concentration of DSS may vary depending on the mouse strain, sex, and induction 217 
cycle; 3% DSS may be used for other mice strains. 218 
 219 
2.3.  Simultaneously administer the freshly prepared AOM/DSS to the mice. To do so, follow the 220 
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steps below. 221 
 222 
2.3.1. Intraperitoneally inject 0.01 mL/g of freshly prepared AOM working solution for each 223 
mouse and replace the autoclaved water with 2% DSS solution for 5 days ad libitum. 224 
 225 
NOTE:  Each cage contains five mice; regularly check the DSS drinking bottle to ensure no 226 
precipitate occurs during the treatment period.  227 
 228 
2.3.2. Weight and closely monitor each mouse every day.  229 
 230 
NOTE: During the administration, euthanize mice with up to 20% weight loss compared to its 231 
initial weight or signs of the huddle, squint, hypothermia, and poor activity. 232 
 233 
2.4. Provide a fresh bottle of autoclaved water on the day 6 post-AOM/DSS administration until 234 
day 21 (Figure 1B).  235 
 236 
NOTE:  This is one complete cycle comprising of 21 days. 237 
 238 
2.5. Repeat steps 2.3–2.4 for an additional two cycles and sacrifice the mice on day 70. 239 
 240 
3. Assessment of colonic inflammation and tumor (70 days post-AOM administration) 241 
 242 
3.1. Sacrifice the mice by CO2 inhalation at a fill rate of 10% in the euthanasia chamber followed 243 
by cervical dislocation. 244 
 245 
3.2. Harvest the entire colon from above the ileo-colic junction to the anus. 246 
 247 
3.2. Expose the lumen side by opening the colon longitudinally. Cut the whole colon into 10 cm 248 
long pieces and fix the colon tissue in 10% formalin for 72 h for hematoxylin and eosin (H&E) 249 
staining. 250 
 251 
REPRESENTATIVE RESULTS:  252 
 253 
Establishment of murine appendectomy model 254 
This murine appendectomy model of chronic colitis associated colorectal cancer can be 255 
generated by following the sequential surgical and induction steps as illustrated in Figure 1. The 256 
most frequent positions of caecum are in the left and right iliac fossa followed by the middle 257 
line of the abdomen (Figure 2). The successful rate of pre-localization of caecum prior to the 258 
abdomen incision using the palpation method is nearly 70% (Supplemental Information, Table 259 
S2). The appendectomy procedures mainly comprise of six important steps (Figure 3). During 260 
the appendectomy surgery, a midline incision as small as 0.5–1.0 cm in length is critical to 261 
minimize surgical trauma (Figure 3A). In the case of intraperitoneal leakage, ligating mesangial 262 
vessels and closing the stump of the caecum are necessary, using running sutures instead of 263 
simple ligation (Figure 3B,C,D,E).  264 
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 265 
Evaluation of IgA as a biomarker in appendectomy mice 266 
To confirm the appendectomy, the large intestine of mice and fecal content were harvested 267 
post-surgery to determine the levels of IgA specific plasma cells and secretory IgA (sIgA) 268 
concentrations. The appendectomy mice exhibited a significant reduction in the percentage of 269 
B220-IgA+ specific plasma cells compared to the sham group (Figure 4A,B). Moreover, 270 
compared to their own initial state prior to surgery, sham mice maintained the fecal sIgA 271 
concentration over 14 days post-surgery, whereas appendectomy group showed a significant 272 
slgA reduction on day 14 (Figure 4C). 273 
 274 
Validation of colitis-associated colorectal cancer in appendectomy mice 275 
Compared to 3% DSS, at which most mice in the appendectomy group showed severe 276 
complications and significant body weight loss (Figure 5A), 2% DSS in combination with AOM 277 
provided 80% of the survival rate in both sham and appendectomy groups, with reasonable 278 
body weight changes (Figure 5E). At the end of three cycles of treatment, the full-length large 279 
bowel was harvested for pathological assessment. Visual inspection and H&E staining showed 280 
the colonic tumors with colon inflammation and different degrees of adenocarcinomas (well-, 281 
moderate-, and poorly differentiated adenocarcinomas) in mice treated with 2% AOM/DSS 282 
(Figure 6).   283 
 284 
FIGURE AND TABLE LEGENDS:  285 
 286 
Figure 1: Schematic illustration of establishing murine appendectomy model of chronic colitis-287 
associated colorectal cancer. (A) A flow chart of the main surgical steps (first three are critical) 288 
of appendectomy procedure. (B) Induction of colorectal cancer. Seven days after the 289 
appendectomy, AOM and DSS were administered simultaneously. Mice weights were recorded 290 
at various times (red triangle). At day 70 post-surgery, mice were sacrificed, and intestinal 291 
tissues were harvested for further assessments. 292 

 293 
Figure 2: Pre-determination of the caecal patch location in mice prior to abdominal incision. 294 
(A) Summary of the likelihood of finding caecum position. Anatomical images of three most 295 
common positions of the caecum at the (B) low right, (C) middle, and (D) low left abdomen of 296 
the mouse.  297 
 298 
Figure 3: Critical steps of murine appendectomy. (A) Small incision arranged 0.5–1.0 cm; (B) 299 
Pulling out the exact portion of the caecal patch after pre-position of the caecum. (C) Ligation of 300 
mesenteric vessels accompanying the caecum. (D) Marking the cutting region of the caecum 301 
with the 4-0 suture. (E) Closing the stump with running sutures using the 8-0 suture. (F) Closing 302 
the muscular layer with interrupted sutures using the 8-0 suture.  303 

 304 
Figure 4: Quantification of IgA specific plasmas cells and fecal sIgA concentration after 305 
appendectomy. (A) Representative dot plots for cells stained with anti-IgA and B220 in the 306 
whole large intestine of sham and appendectomy mice 1 day and 14 days post-surgery. 307 
Lymphocytes in lamina propria were freshly prepared and stained with FITC anti-mouse IgA, PE 308 
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anti-mouse CD45R/B220 for flow cytometry. Numbers within plots indicate percentages of cells 309 
in respective areas; (B) Quantitative determination of IgA specific plasma cells in sham and 310 
appendectomy groups. The data represents mean ± SD; n = 5–8 mice; *p < 0.05, **p < 0.01, and 311 
***p < 0.001. (C) Fecal sIgA concentrations before and after the surgery. Fecal contents were 312 
collected at designated timepoints, and levels of sIgA were tested by ELISA. Each color dot 313 
represents the same mouse over a period of 14 days. Statistical analysis was performed using 314 
an unpaired t-test, with p < 0.05 considered statistically significant.  315 
  316 
Figure 5: Chronic colitis-associated colorectal tumors induced by AOM/DSS combination. (A) 317 
The survival curve obtained using 3% DSS for the colitis induction in sham and appendectomy 318 
groups. Severe complications of anal prolapse (B) and mural abscess indicated the endpoint of 319 
the animal (C). (D) The survival curve obtained using 2% DSS for the colitis induction in sham 320 
and appendectomy groups; (E) Average body weight change of mice over 70 days. The data 321 
represents mean ± SD, n = 6 mice. 322 
 323 
Figure 6: Images of chronic colitis-induced colorectal tumors induced by combination 324 
treatment of 2% DSS and 10 mg/kg AOM. Photographs of the dissected colon with tumors 325 
under (A) visual inspection and (B) animal operation microscope. H&E staining images of 326 
colonic tissues showing (C) colonic inflammation, (D) well-differentiated adenocarcinoma, (E) 327 
moderately differentiated adenocarcinoma, and (F) highly differentiated adenocarcinoma.  328 
Black arrow indicates the mucosal ulcer, black arrowhead indicates adenocarcinoma, white 329 
arrow indicates neutrophil infiltration between glands.  330 
 331 
Supplementary Table 1: Literature summary of surgical methods used for appendicitis 332 
induction in commonly used mice strains.  333 
 334 
Supplementary Table 2: Locations of the caecum in mice after laparotomy. Exposed organ 335 
after incision indicates the organ found directly at the pre-located position after laparotomy. 336 
The position of the caecum shows the caecum location relative to the abdominal region/the 337 
caecum position relative to the intestine. Exposed indicates that the caecum was below the 338 
muscular layer of the abdomen and above other parts of the intestine. Embedded indicates that 339 
the caecum was covered by the intestine. 340 
 341 
DISCUSSION:  342 
 343 
A murine appendectomy model of colitis-associated colorectal cancer was obtained using 344 
surgical steps with a high survival rate in mice. In most cases, since the caecum was positioned 345 
under the abdominal wall (Supplementary Table 1, Supplementary Table 2, and Figure 2), it 346 
was difficult to prejudge its location without laparotomy. In this surgical protocol, an easy step 347 
of touching the bump was introduced, and quantitative evaluation of the cecum location was 348 
also provided as guidance to increase the precision for pre-localization of the cecum (Figure 2).  349 
The exploitation of anatomical features to remove the caecal patch minimized disruption of 350 
unintended parts of the bowel, thereby decreasing the rate of potential complications of 351 
appendectomy and infection of the abdominal cavity. 352 
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 353 
Three critical steps are involved in this model. First, visual examination and palpation prior to 354 
laparotomy can be helpful to determine the general location of the caecum. Despite the fact 355 
that the caecum is most likely present at the left iliac region of the abdomen, the caecal patch 356 
protruding from the apex of the caecum is often dissociative (i.e., move around or embedded) 357 
and is more likely to be found beneath the middle peritoneum (Figure 2).  Second, a small 358 
incision at the middle line of the abdomen and accurate exposure of caecal patch is preferred. 359 
This is because there is a thin spot at the middle line of the abdomen, at which cutting into this 360 
position may decrease potential injury of the abdominal musculature layer. In addition, to avoid 361 
the volvulus upon appendectomy, which is detrimental to mice, accurate exposure of the caecal 362 
patch minimizes the unintended disturbance of intestine, reducing the risk of volvulus 363 
occurrence. Moreover, minimal exposure of the abdominal cavity can ensure that the intestine 364 
remains uncontaminated, warm, and moist; otherwise, excessive exposure may cause 365 
significant heat loss and drying of tissues41.  366 
 367 
Third, disinfection and closure of the caecal stump with running sutures instead of simple 368 
ligation are necessary to prevent potential bleeding and disinfection of caecal contents of the 369 
stump. The level of IgA-specific plasma cells and fecal sIgA in the large bowel of mice are 370 
significantly reduced by an appendectomy, suggesting that the caecal patch is the main site for 371 
the production of IgA at least in the initial period33. In the large bowel, sIgA function as a 372 
mucosal health defender by stabilizing the normal colonization of commensal flora and 373 
counteracting pathogenic microbes42. Removal of the appendix reduces the production of IgA 374 
and may disrupt the mucosal homeostasis. 375 
 376 
The high mortality rate and clinical signs of excessive colitis induction (i.e., severe bloody stool, 377 
anal prolapse, and abdominal abscess43,44) were observed in mice treated with 3% DSS (Figure 378 
5). However, 2% DSS induction after three cycles caused none of these complications, and the 379 
survival rate was maintained above 80%. This indicates that the combined use of DSS and AOM 380 
should be validated, since the lack of integrity of GALTs may, to some extent, reduce the 381 
tolerance of mice to the AOM and DSS combination. The observational studies from clinical-382 
based evidence suggest that the appendix is strongly associated with the development of IBD 383 
and colorectal cancer14,45,46. However, the biological functions and underlying mechanisms of 384 
the appendix in the pathogenesis of chronic gut diseases is still unclear. It appears that the 385 
appendix acts as an important part of GALTs and as a reservoir for gut commensal flora to 386 
regulate health or diseased states17,18,31. Establishing this repeatable and cost-effective murine 387 
appendectomy model can be used for studying the roles of the appendix in IBD and colorectal 388 
cancer in the context of microbiota homeostasis, cancer prevention, and immunotherapy. 389 
 390 
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Years Mouse Strain (sex) Laparotomy Length (cm) Laparotomy Location

2000 Balb/c/Female Unknown Unknown

2001 C57BL/6J/Male 1 midline of abdomen

2011 Balb/c/Male 1 Left-sided abdomen

2014 Balb/c/Male Unknown Unknown

2014

ICR

aly/aly

C57BL/6J/

Male & Female

2 midline of abdomen

2014 Balb/c/Male 1 Left-sided abdomen

2015 Balb/c/Male Unknown Unknown

2016 C57BL/6J/Male 1 Left iliac fossa
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Surgical Method Studied Disease Model

Unknown Induced Colitis

ligation and excision Induced Colitis

ligation and excision Induced Appendicitis

ligation and excision Induced Appendicitis

ligation and excision NA

ligation and excision Induced Appendicitis

ligation and excision Induced Appendicitis

ligation and excision Induced Appendicitis &Spontaneous colitis
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Mice Exposed organ after incision Position of caecum

1 caecum Upper middle / Exposed

2 caecum Low right / Embeded

3 descending colon Right / Exposed

4 left kidney Middle / Embeded

5 cecum Low right / Exposed

6 cecum Left / Exposed

7 unknown Low right / Exposed

8 cecum Caudal/ Exposed

9 cecum Upper left/ Exposed

10 cecum Low left / Exposed

11 cecum Middle / Embeded

12 unknown Low left / Embeded

13 cecum Low left / Embeded

14 cecum Upper Right/ Embeded

15 cecum Low left / Embeded

16 cecum Middle / Exposed

17 cecum Middle / Exposed

18  Appendix Middle / Exposed

19   unknown Middle / Exposed

20  Appendix Low right / Exposed

21 cecum Caudal / Exposed
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Entoiodine
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LTD
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 digital caliper Ningbo yuanneng trading co. LTD 4859263

4-0 Silk Sutures Yuanlikang co. LTD 20172650032

8-0 Prolene Sutures Yuanlikang co. LTD 20172650032

Electric coagulation pen Chuang mei medical equipment co. LTD 28221777292

disposable syringe 1ml Shengguang medical products co. LTD 3262-2014

disposable syringe 10ml Shengguang medical products co. LTD 3262-2014

75% Medicinal alcohol
Shandong anjie high-tech disinfection technology 
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371402AAJ008
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Surgical Instruments-Ophthalmic Jinzhong Shanghai co.LTD WA3050
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Dear Dr. Bajaj: 

Thank you and editors for fine tuning our work. We have addressed all the comments raised by the 

editors in the revised manuscript and video accordingly. We hope this version will meet the 

editorial requirement for publication in JoVE.  

 

Sincerely Yours, 

Rui Xue Zhang, Ph.D.  

Associate Professor 

 

Editorial comments: 

 

1. The editor has formatted the manuscript to match the journal's style and the video. Please retain 

the same. 

Response: thank you for formatting the manuscript, and we retain the same format in this version. 

 

2. Please address specific minor comments marked in the manuscript. 

Response: all revised parts were marked with yellow this time: 

1. A new title revised in manuscript, cover letter and supplemental document: Murine 

Appendectomy Model of Chronic Colitis Associated Colorectal Cancer by Precise Localization of 

Caecal Patch. 

2. Accepted revise from editor in 1.9 line 143. 

3. Revised protocol in 3.1 according to editor’s suggestion from line 241 to line 242. 

4. Revised word in REPRESENTATIVE RESULTS: Establishment of Murine Appendectomy Model 

part in line 255. 

5. Legends of table S1 and table S2 from line 330 to line 340. 

6. Revised formats in References parts. 

7. xlsx. files of supplemental tables. 

8. Revised response to reviewer 2 relating to a change of title of manuscript. 

 

Video: 

8:24 onwards- the last interview shot is very shaky. Please reshoot this part with a stable camera. 

Response: We’ve now reshoot this part and changed the title in both manuscript and video 

according to the advise of reviewer 2.  

 

 

 

 

 

 

 

 

 

 

 

Rebuttal Letter Click here to access/download;Rebuttal Letter;59921R2
response letter.docx

https://www.editorialmanager.com/jove/download.aspx?id=1077985&guid=ebe5180b-a0d0-487e-a115-b81911f15b1e&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1077985&guid=ebe5180b-a0d0-487e-a115-b81911f15b1e&scheme=1


 

Reviewer 1 

Manuscript Summary: 

The present manuscript entitled "Murine Appendectomy Model of Chronic Colitis Associated 

Colorectal Cancer" described the procedure to accelerate the formation of colorectal cancer in the 

very classical and widely used AOM/DSS mouse model to study the chronic colitis-associated 

colorectal cancer. This paper is very informative, in particular, the video which well detailed the 

surgical procedure to remove the caecal patch which has a similar function that human appendix. 

The results are consistent and expected. 

 

Major Concerns: 

However, some points described below, should be included in order to improve this manuscript: 

1-Why mice are not fasted before surgery to limit possible infection? 

Response: Thank you for your comment. We agree that fasting of mice is a standard procedure in 

many studies (e.g. pharmacokinetics, blood glucose measurement, drug absorption). In our present 

study, however, fasting of mice is not need for the surgery. First, food and water intake in mice is 

regulated by circadian rhythms. Compared to non-fasted ones, fasting mice for overnight (6-18h) 

show no significant difference in terms of gastric emptying, intestinal transit time and gastric 

contents (Jensen TL 2013). This is in consistent with our initial observation that cecal residue 

between fasted and non-fasted mice was similar. In addition, fasting mice (i.e. male C57BL6J) 

may lose their body weights up to 16%, which could be a critical condition for mice to recovery 

post-surgery as well as the later AOM/DSS treatment. To avoid the infection, following the key 

surgical steps are important. We have further revised the section of “Surgery preparation” to 

clarify this point in the manuscript and added the illustration of key surgical steps as a new figure 

1A. 

 

Jensen TL et al., 2013, Fasting of mice: a review, Laboratory animals, 47(4)225.     

 

2-A figure representing the mucosa aspect after the treatment could allow to display the presence 

(or not) of cancer nodules. 

Response: We have added two photographs of colon tumor induced by the combination of DSS 

and AOM as figure 6A & 6B and revised the result section on Page 7.  

 

 

 

Reviewer 2 

Manuscript Summary: 

I have read the manuscript that investigated an animal model the role of the vermiform appendix 

in chronic colitis associated large bowel cancer as well as the surgical procedure employed. The 

English expression needs attention and some editing. The appendectomy is feasible however the 

manuscript has significant shortcomings. 

 

Major Concerns: 

Provide the institutional animal care and use committee ethics approved number from the 



university. The surgical procedure could be summarized and referenced appropriately, rather than 

presenting a step by step procedure. 

Response: we have added this number on Page 2 in the revised manuscript.  

 

A statistical section should be included with a full explanation of analytical tests performed and 

justified on the data. For example what test was used to show the differences observed in Figure 4. 

Response: thanks for pointing this out. We have performed the statistical analysis analytical in the 

revised figure 4.  

  

The results should be better presented with subsections that streamline the data and the 

experiments performed. 

Response: thank you for your suggestion, and we have added subsections in the results. A newly 

added figure 1A has also been provided for illustration of the key surgical steps involved in 

murine appendectomy model.   

 

The discussion begins with a discussion of the surgical procedure and if this is novel it perhaps 

should be clearly reflected in the title of the manuscript. Also it would prudent to begin the 

discussion with what the study has shown and then discuss the novel procedure if that is the 

orientation of the study. 

Response: thanks for the valuable comment. The main novelty of surgical step in the 

appendectomy murine model is the facile and precise location of the cecal patch. We have revised 

the title to “Murine Appendectomy Model of Chronic Colitis Associated Colorectal Cancer by 

Precise Localization of Caecal Patch” and added the discussion of this novelty on Page 7, 

thoroughly revised the beginning of discussion and the title. 

 

 

For Manuscript: 

Please submit each figure as a vector image file to ensure high resolution throughout production: 

(.svg, .eps, .ai). If submitting as a .tif or .psd, please ensure that the image is 1920 x 1080 pixels or 

300 dpi. 

1. I’ve submit all my figures as tif. with 300dpi 

 

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. 

2. I’ve thoroughly went through my manuscript to ensure that there are no spelling or grammar 

issues. 

 

Please rephrase the Short Abstract/Summary to clearly describe the protocol and its applications in 

complete sentences between 10-50 words: “Here, we present a protocol to …” 

3. I’ve rephrased the summary part according to your suggestion. 

 

Please ensure that the long abstract is within the 150-300-word limit. 

4. The long abstract is limited within 300 words. 



 

Please ensure that all text in the protocol section is written in the imperative tense as if telling 

someone how to do the technique (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.” 

5. I’ve went through all terms in the protocol section and made revise accordingly. All text in the 

protocol section is written in the imperative tense. Any text that cannot be written in the 

imperative tense is rephrased as a “Note” following each relevant protocol term. 

 

Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For 

example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain from 

using bullets or dashes. 

6. The numbering of the Protocol is all adjusted. 

 

Please start all the notes, steps, substeps and caution statement from a new line. 

7. The format of each note in text is adjusted. Every note is now started from a new line. 

 

The Protocol should contain only action items that direct the reader to do something. 

8. The Protocol terms are revised. There’re only action items that direct the reader to do something 

now in the terms. 

 

The Protocol should be made up almost entirely of discrete steps without large paragraphs of text 

between sections. Please simplify the Protocol so that individual steps contain only 2-3 actions per 

step. 

9. All protocol terms are thoroughly went through. Now individual term contain only 2-3 actions 

per step. 

 

Please ensure you answer the “how” question, i.e., how is the step performed? 

10. I’m sure that all protocol terms combined with notes answered the possible “how” questions. 

 

Please obtain explicit copyright permission to reuse any figures from a previous publication. 

Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial 

policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial 

Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure 

has been modified from [citation].” 

11. All figures in the manuscript are original. 

 

Please upload all figures individually to your Editorial Manager account. Please combine all 

panels of one figure into a single image file. For the figures generated with microscope (e.g., 

Figure 6) please include a scale bar and define it in the table of materials. 

12. I’ve uploaded all figures individually to my Editorial Manager account. All panels of one 

figure are combined into one single image file. Scale bars are marked in figure 6 and are detailed 

in the table of materials. 



 

All figures and/or tables showing data must include measurement definitions, scale bars, and error 

bars (if applicable). Please include all the Figure Legends together at the end of the Representative 

Results in the manuscript text. 

13. All necessary scale bars are added accordingly. All figure legends are put together at the end of 

the Representative Results section.  

 

As we are a methods journal, please revise the Discussion to explicitly cover the following in 

detail in 3-6 paragraphs with citations: 

a) Critical steps within the protocol 

b) Any modifications and troubleshooting of the technique 

c) Any limitations of the technique 

d) The significance with respect to existing methods 

e) Any future applications of the technique 

14. Please expand the journal title in the references section. 

14. I’ve went through the discussion part according to the suggestion: critical steps within the 

protocol are detailed in paragraph 1,2; modifications and troubleshooting of the technique are 

detailed in paragraph 2,3; the significance with respect to existing methods, possible limitations of 

the technique and future applications of the technique is described in paragraph 4. 

 

Please expand the journal title in the references section. 

15. I’ve went through each reference term and expand the journal titles within. 

 

 

 

 

 

For Video: 

Furthermore, please submit a high resolution version of your video (up to 2 GB) here: 

https://www.dropbox.com/request/knUJwvEKcBkRO2z7TyTq?oref=e 

1. I have submitted a high resolution version of revised video this time to the appointed links. 

 

The video must have title cards at the beginning and end. These title cards should include the 

authors’ names and their affiliations. 

2. Title cards including the authors’ names and affiliations are now showed both at the beginning 

and end of the video. 

 

Please increase the agreement between the video and the written manuscript. Ideally, the narration 

in the video is a reading of the written protocol text in the manuscript. 

3. Narration in the video is re-recorded and it’s now mostly a reading of written protocol text. 

 

Chapter title cards should be inserted between each section of the video. Our site has a chaptering 

system that relies on these to help our users navigate the video. 

4. Chapter title cards are inserted between each section of the video. 



 

Please ensure all the result figures and their panels are present in the representative result section 

of the video. Histology figures needs a scale bar. Presently 6C, D and Figure 5A,B,C are not 

shown in the video. 

5. All result figures are now presented in the representative result section of the video, scale bars 

are added to the histological figures. 

 

Please do not use commercial terms in the video. E.g., Prolene, Styrol etc. 

6. No commercial terms are shown in the video. 

 

For Production: 

Future submissions should contain the article ID number (59921) in the file name. 

7.The name of the newly submitted file now contains the ID number (59921). 

 

• 2:02, 2:47, 3:33, 3:46, 4:21, 4:30, 4:32, 4:40, 5:44- The edits here are jump cuts, which tend to 

have a jarring effect on the viewer. They should be smoothed out with crossfades instead. 

8. Relevant parts of the video mentioned in the suggestion (2:02, 2:47, 3:33, 3:46, 4:21, 4:30, 4:32, 

4:40, 5:44) are now smoothed out with crossfades. 

 

The narration audio is much higher in volume in the left stereo channel than in the right stereo 

channel. The narration audio should be even on both channels. 

9. The narration audio are now balanced on both channels. 

 

 

To vet review Dr. B.Alisantosa： 

1. Surgery Preparation: 

1.4. Anesthetize a mouse intraperitoneally (i.p.) with 1% pentobarbital sodium at a dose of 100 

mg/kg: 

Question/Comment: 

-The dose of pentobarbital sodium seems high for anesthesia procedure (Almost as high as for 

euthanasia procedure), in the future, please consider using lower dose (i.e.; 30-50 mg/kg IP for 

anesthesia agent). 

Response: thank you for bringing up the doses of anesthesia. In our preliminary experiment, a 

dose of 50 mg/kg seems insufficient and the mouse often resuscitates during the surgery. We 

anesthetized a mouse intraperitoneally with 1% sodium pentobarbital at a single dose of 100 

mg/kg to ensure the full sedative effect in the mouse (Peirce S, SVH Clinical SOP. 26. Euthanasia 

of Laboratory Animals, 2016.; RAT AND MOUSE ANESTHESIA AND ANALGESIA Formulary 

and General Drug Information, 2016).We have also revised the step on Page 2-3 in the manuscript.  

 

2. Mice Appendectomy: 

2.12. Close the skin layers using interrupted sutures using the size of 4-0 silk suture thread 

 

Question/Comment: 

-It wasn’t clear to me if the author provides any analgesia to alleviate pain and distress after 



surgery and administer antibiotics post surgically to prevent infection? Please clarify what kind of 

analgesia, the dose and route plus describe what kind of antibiotics, dose, for how long and route 

of administration were provided to the animals? 

Response: we used subcutaneously injection of 0.1 mg/kg body weight of buprenorphine after 

surgery to relieve the pain and stress of mouse. We have revised manuscript on Page 4 and video 

section I., 04:41-04:50. However, we did not use any antibiotics before and after surgery because 

it will influence the gut microbiota in our model.  

 

5. Assessment of Colonic inflammation and Tumor (70 days post-appendectomy): 

5.1. Sacrifice the mice by cervical dislocation, harvest the entire colon from above the ileo-colic 

junction to anus. 

Question/Comment: 

- It wasn’t clear to me if the endpoint of this experiment is on 70 days post-appendectomy.  

Please clarify. 

Response: The endpoint of this experiment is actually on 70 days post-administration of AOM, 

and we’ve revised and clarified this point both in manuscript and video now. 

 

Changing part needed in the table 

Response: We used 75% medical alcohol to remove iodine at the end of our surgery. We have 

revised manuscript on Page 4 and video section I., 04:35-04:40. 

For question of 05:00-05:20 in the video, we’ve now added sentence under 2.16 text about the 

analgesia we used. 

Thank you again for your careful review and kind suggestions. 

 

#  Time in the 

video 

Comment Change in 

video 

required 

Yes/No 

Change in 

text is 

sufficient 

Yes/No 

Suggested Changes 

1 01:39-01:46 Prior to performing skin incision, 

entoiodine was used to disinfect the 

skin twice.  It wasn’t clear to me if 

Medical alcohol was utilized as well 

prior to skin incision? 

Yes No In the text, it says that the author used 75% 

medical alcohol and entoiodine for surgery 

preparation, but alcohol wasn’t mentioned in 

the video prior to skin incision.  Please 

clarify in the video. 

2 05:00-05:20 In this video section, you mentioned 

that you provide the mouse with 0.4 

mL physiological saline, but you didn’t 

indicate if you provide any analgesia 

and antibiotic post-surgically to 

prevent pain and distress and infection 

 

No Yes Add sentence under 2.16 text to include any 

analgesia and antibiotic (if any) to prevent 

pain, distress and infection post-surgically. 

      

      


