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Abstract 
Colorectal cancer ranks as the third most prevalent cancer worldwide and stands as the 

second leading cause of cancer-related deaths. Despite being primarily a disease of the 

elderly, the majority of the animal models are on young mice, typically around 3 months old. 

To enhance our comprehension of colitis-associated colorectal cancer, I am working with aged 

mice (18 months) from the Balb/C and C57Bl/6 mouse strains. By doing so, I hope to narrow 

the disparity between experimental models and the intended target population. My objective 

is to investigate the impact of anti-inflammatory treatment with mesalazine on the emergence 

of colon cancer in both young and old mice. In pursuit of this goal, I am comparing how colitis-

associated cancer induction occurs in mice, considering factors such as age, strain, and 

treatment approach. 

The methodical part of the work started by isolating RNA from the colonic tissue of mice 

subjected to AOM/DSS treatment, a protocol known to promote the development of colon 

cancer. Throughout the steps of RNA extraction, RT-qPCR analysis, and immunostainings, I 

was able to assess how aged mice respond to anti-inflammatory treatment with 5-ASA. 

The results showed a distinctive treatment response that differs depending on age, genetic 

strain, and the specific segment of the colon under consideration. The ascending colons of the 

young Balb/C mice were the most sensitive to treatment, while the older mice exhibited 

minimal to no reaction to the treatment, irrespective of the strain. This outcome highlights 

how anti-inflammatory therapies can have different outcomes based on age, strain, and 

colonic segment of the mice used. It also sheds light on the importance of considering age-

related variations in designing treatment strategies. 

In summary, this study highlights the many-sided nature of the anti-inflammatory response 

trough the 5-ASA treatment, underlining how the old mice show little to no response to the 

treatment. The increased sensitivity observed in young Balb/C mice shows the significance of 

tailored therapeutic approaches by using optimized treatments that take into consideration 

how age-related treatments can be important based on the different reaction to the anti-

inflammatory treatment. 
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Zusammenfassung 
Darmkrebs ist weltweit die dritthäufigste Krebserkrankung und die zweithäufigste Ursache für 

krebsbedingte Todesfälle. Trotz der Tatsache, dass es sich hauptsächlich um eine Krankheit 

der älteren Menschen handelt, werden die meisten Tiermodelle an jungen Mäusen, 

typischerweise etwa 3 Monate alt, durchgeführt. Um unser Verständnis von kolitis-

assoziiertem Darmkrebs zu verbessern, arbeite ich mit älteren Mäusen (18 Monate) der 

Balb/C und C57Bl/6-Mausstämme. Dadurch hoffe ich, die Diskrepanz zwischen 

experimentellen Modellen und der Zielpopulation zu verringern. Mein Ziel ist es, die 

Auswirkungen einer entzündungshemmenden Behandlung mit Mesalazin auf das Auftreten 

von Darmkrebs sowohl bei jungen als auch bei alten Mäusen zu untersuchen. Im Zuge dessen 

vergleiche ich, wie die Induktion von kolitis-assoziiertem Krebs bei Mäusen unter 

Berücksichtigung von Faktoren wie Alter, Stamm und Behandlungsansatz erfolgt. 

Der methodische Teil der Arbeit begann mit der Isolierung von RNA aus dem Kolongewebe 

von Mäusen, die der AOM/DSS-Behandlung unterzogen wurden, einem Protokoll, das die 

Entwicklung von Darmkrebs fördert. Durch die Schritte der RNA-Extraktion, RT-qPCR-Analyse 

und Immunfärbungen konnte ich beurteilen, wie ältere Mäuse auf die 

entzündungshemmende Behandlung mit 5-ASA reagieren. 

Die Ergebnisse zeigten eine markante Behandlungsreaktion, die je nach genetischem Stamm 

spezifischen Segment des Kolons und Alter unterschiedlich war. Die aufsteigenden Kolons der 

jungen Balb/C-Mäuse waren am empfindlichsten gegenüber der Behandlung, während die 

älteren Mäuse unabhängig vom Stamm eine minimale Reaktion auf die Behandlung zeigten. 

Dieses Ergebnis verdeutlicht, wie entzündungshemmende Therapien je nach Alter, Stamm 

und Kolonsegment der verwendeten Mäuse unterschiedliche Ergebnisse haben können. Es 

zeigt auch die Bedeutung der Berücksichtigung altersbedingter Unterschiede bei der 

Gestaltung von Behandlungsstrategien auf. 

Zusammenfassend zeigt diese Studie die vielfältige Natur der entzündungshemmenden 

Reaktion durch die 5-ASA-Behandlung und unterstreicht, dass ältere Mäuse wenig bis gar 

nicht auf die Behandlung ansprechen. Die erhöhte Empfindlichkeit, die bei jungen Balb/C-

Mäusen beobachtet wurde, zeigt die Bedeutung maßgeschneiderter therapeutischer Ansätze, 

bei denen optimierte Behandlungen in Betracht gezogen werden, die altersbedingte 

Behandlungsunterschiede berücksichtigen. 
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Introduction 
 

Colorectal Cancer 

As of today, colorectal cancer (CRC) is the third most common cancer and the second leading 

cause of cancer related deaths worldwide. 1  

 

Colorectal tumors start within the colon or rectum as lesions on the mucosal lining, from which 

they have the capacity to proliferate outward, traversing various layers. The cancerous cells 

can intrude into blood vessels or lymph vessels, facilitating their travel to distant locations in 

the human body, a phenomenon known as metastasis. 2 

 

The stage of colorectal cancer, indicating the extent of its spread, depends on how deeply it 

penetrates the colon or rectal wall and whether it has advanced beyond these primary areas.2 

The classification system employed for colorectal cancer (CRC) is the tumor-node-metastasis 

(TNM) staging. The "T" denotes the degree of tumor invasion into different layers of the bowel 

wall. The "N" indicates the quantity of lymph nodes affected, while the "M" signifies the 

existence of distant metastasis. In colorectal cancer (CRC), the stages are defined as follows: 

Stage I represents cancer that is limited to the bowel wall and does not involve the nearby 

lymph nodes. Stage II indicates that the cancer has not spread to the lymph nodes. Stage III 

suggests that while the cancer has not metastasized to distant organs, it has affected nearby 

lymph nodes. Finally, Stage IV indicates that the cancer has spread to distant organs at the 

time of diagnosis. 3 

 

 

CRC and Age 

There are many risk factors that contribute to the development of CRC, including age, sex, 

race/ethnicity, and family history. 4 Some risk factors are modifiable and can decrease the 

possibility of developing CRC. Such factors are obesity, diet, physical activity, giving up 

smoking, and reducing alcohol intake. Furthermore, a healthier diet that´s rich in leafy greens, 

dietary fiber and calcium have been reported to be protective against the development of 

CRC.5 
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Additionally, there are risk factors beyond one´s control which are nonmodifiable. Such risk 

factors are as a personal or familial history of colorectal polyps or CRC, a personal history of 

inflammatory bowel disease, and the presence of type 2 diabetes.6  

Although CRC can emerge during early- to mid-adulthood, particularly in patients with certain 

inherited predispositions, the bulk of cases occur in those individuals who are categorized as 

the average risk group. Among this demographic, age stands out as the foremost risk 

factor.5  The likelihood of developing CRC significantly rises above the age of 50. 

Approximately 90% of new cases and 94% of CRC-related fatalities occur in individuals aged 

50 and older. 5,6 

The high risk category encompasses individuals who have a personal or familial history of CRC, 

adenomatous polyps, inflammatory bowel diseases (IBD), and hereditary CRC syndromes.7 

 

Highlighting the importance of screening, CRC usually exhibits a slow growth pattern, and 

typically does not produce symptoms until the tumors reach a significant size, often several 

centimeters in diameter. At this stage, it can easily block the passage of stool, resulting in 

symptoms such as cramping, pain, or bleeding. The majority of colon tumors develop trough 

a multistep process, which typically entails a series of histological, morphological, and genetic 

changes that accumulate gradually over time. 8  

 

Lynch syndrome  

Lynch syndrome is the most prevalent hereditary cancer syndrome. It is the leading hereditary 

contributor to CRC, and the only known hereditary factor associated with endometrial cancer. 

The oncogenic tendency of Lynch syndrome arises from a collection of mismatch repair 

proteins. Dysfunctional regulation of mismatch repair proteins results in abnormally high 

instability in specific genomic areas known as microsatellites. As time passes, the 

accumulation of mutations in microsatellites and other regions in the genome can disrupt the 

synthesis of important cellular proteins, ultimately triggering tumorigenesis.9 

 

Pathways of CRC development 

As colorectal tumors are heterogeneous at a genetic level, they arise trough several separate 

pathways. These pathways include chromosome instability (CIN), microsatellite instability 
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(MSI), and serrated neoplasia pathways. Each pathway provides some insight about their 

pathogenesis mechanisms, albeit with some overlap. In addition, entirely new pathways are 

continually being identified.10 

 

CIN pathway 
The chromosome instability (CIN) pathway, is characterized by chromosome changes that 

include somatic copy number alterations caused by aneuploidy, deletions, insertions, 

amplifications, or loss of heterozygosity. 11,12 

The mechanisms responsible for CIN are typically identified by defects in chromosomal 

segregation. These defects may facilitate the untimely separation of sister chromatids and 

cause telomere shortening. These changes can affect genomic reorganization, impaired DNA 

damage response mechanisms, and loss of heterozygosity in tumor suppressor genes.10 

 

MSI pathway 
Contrary to the CIN pathway, colorectal tumors can also emerge through hypermutable 

pathways. These pathways are distinguished by frequent mutations in somatic DNA base 

pairs.10   

Generally, DNA mismatch repair mutations can lead to instability within microsatellite regions. 

DNA microsatellites are repetitive sequences of nucleotides that occur in tandem, consisting 

of mono-, di-nucleotide, or even higher-order nucleotide repeats. In these regions the errors 

usually tend to accumulate because the DNA polymerase has difficulty in efficiently navigating 

and binding to these repetitive genome sequences.10 

Inability to accurately determine the appropriate number of bases to insert into these 

invariable regions or even slippages during the synthesis of a new DNA strand (which 

generates a temporary insertion deletion loop) can give rise to a frameshift mutation. These 

mutations lead to the production of nonfunctional proteins. In tumor cells that exhibit the MSI 

phenotype the cells fail to identify and repair mismatched DNA, allowing them to maintain 

and replicate their mutations and accumulate additional ones. 10,13 
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Adenoma – Carcinoma Sequence and Alternative Serrated Neoplasia Pathways 
Most colorectal tumors originate from pre-cancerous polyps, which can be broadly classified 

into traditional tubular adenomas or serrated polyps. The formation of adenomas happens 

when normal mechanisms that regulate DNA repair and cell proliferation are disrupted. Due 

to the continued loss of surface cells from the intestinal mucosa, a constant epithelial renewal 

is required. The proliferation takes place only at the crypt base. As the mutated cells progress 

towards the inner lining of the colonic lumen, the terminal differentiation and eventual cell 

death (apoptosis) are disrupted, which are leading to the formation of adenomas. With time, 

adenomatous polyps grow, and discrete adenomas form. Over time, adenomatous polyps 

increase in size and display increasingly abnormal features (dysplasia), and can eventually gain 

the ability to invade surrounding tissues.10  

 

Thirty years ago, the adenoma-carcinoma sequence was the only known pathway of colorectal 

carcinoma. However, this pathway doesn't encompass all instances of colorectal carcinoma. 

As of today, the serrated pathway has gained recognition as an alternative pathway to 

colorectal carcinoma. 14 In this pathway, precursor lesions known as serrated polyps or 

serrated adenomas progress to cancer. These polyps have a serrated appearance under the 

microscope and include subtypes such as hyperplastic polyps, sessile serrated adenomas, and 

traditional serrated adenomas. The serrated pathway is believed to account for a significant 

proportion of sporadic colorectal cancers, particularly those that arise in the proximal colon.15 

Notably, certain case studies have uncovered that lesions originating from the serrated 

pathway exhibit accelerated carcinogenesis. There are also reports indicating rapid 

transformation from sessile serrated lesions to invasive colorectal carcinoma occurring within 

a few months.16,17 

 

CRC and Colitis 
Inflammatory Bowel Diseases (IBD) encompass chronic inflammatory conditions affecting the 

gastrointestinal tract. The two major types of IBD are Crohn’s disease (CD) and ulcerative 

colitis (UC). These conditions  cause lifelong inflammation and significantly diminish the 

quality of life for those who are affected, imposing lifelong challenges on the patients.18 19 

Current treatments primarily focus on addressing the inflammatory response itself, with 

particular attention to reducing the recruitment of inflammatory cells 20 
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Although the disease pathogenesis is not fully understood, inflammatory bowel disease (IBD) 

is characterized by chronic inflammation of the gastrointestinal tract in genetically susceptible 

individuals, who are exposed to environmental risk factors. 21 Today it is well recognized that 

patients with IBD are at an increased risk of developing colorectal cancer (CRC), primarily as 

the result of chronic intestinal inflammation.22 

Moreover, patients with IBD have also been shown to be at increased risk of developing extra-

intestinal malignancies, which is thought to be a consequence of immunosuppressive 

therapies and an underlying inflammatory state.23 

As the population of patients with IBD grows and ages, there is also an inevitable increase in 

the risk of cancer development. Moreover, many of these patients may require cancer 

treatment, including chemotherapy, radiation, and immunotherapy, and many may require 

further treatment for their IBD. Thus, it is necessary that anti-inflammatory treatments remain 

current and adaptable to individual patient needs. If existing therapies are ineffective, there 

is a need to develop new treatments to provide improved care to those who require it. It is 

essential to strive for treatment optimization because cancer treatment is not a one size fits 

all solution. It is also valuable to investigate, whether an older demographic responds 

differently to the established anti-inflammatory therapy for colitis-associated colorectal 

cancer (CAC). If not, it may be necessary to implement new modifications and enhancements 

to better address each patient´s unique needs. 

AOM/DSS model 

The AOM/DSS model is a well-established model to induce colitis-associated CRC. The model 

utilizes chemical induction of DNA damage followed by repeated cycles of colitis.24 

 

Azoxymethane (AOM)/ Dextran Sulfate Sodium (DSS) is introduced to the mice´s system (AOM 

is injected intraperitoneally, DSS was given into their drinking water) in order for them to 

develop colitis-associated colorectal cancer by the induction of DNA damage followed by 

repeated cycles of colitis. 25,26. 
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AOM is a procarcinogen that is taken up by the colonic epithelium after injection to the mouse. 

It´s procarcinogen effect is facilitated by G->A transitions in the DNA, and leads to mutations.27  

DSS is a polysaccharide that dissolves in the drinking water of the mice and inflicts colonic 

inflammation, marked by changes like the loss of crypt architecture, disruption of cellular 

junctions and ulcerations in the mucosal lining.28  The damage to the cells lining of the colon 

prompts an influx of immune cells, to mediate both anti-pathogenic and anti-inflammatory 

functions which are helping the tissue repair and cell survival. 29,30 

 

Combining AOM and DSS provides a two-step tumor model for colitis-associated colorectal 

cancer (CAC). 31 Utilizing the AOM/DSS treatment has the advantage of assessing CRC 

triggered by occasional mutations caused by AOM, while also causing an inflammatory 

reaction (whose intensity varies based on the dosage of DSS administered).32  

 

 

Mesalazine 

The figure below (Figure 1) depicts mesalazine (or 5-ASA (5-aminosalicylic acid)), an anti-

inflammatory drug used to treat IBD including UC  and Crohn´s Disease. 33 

  

1. Figure:chemical structure of mesalazine (5-ASA). Image made by using chem-space. 

The exact mechanisms of action are still unclear. It seems to work within the colon´s mucous 

membrane by reducing the inflammation trough a range of anti-inflammatory mechanisms.33  

However, other mechanisms of action of 5-ASA have been described, including the inhibition 

of mediators of lipoxygenase and cyclooxygenase, interleukin-1, interleukin-2, and tumor 

necrosis factor-alpha. 5-ASA has also been recognized to act as an antioxidant and free-radical 

scavenger.34–36 5-ASA is now believed to be involved in the control of cell proliferation, 
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apoptosis and metabolic functions besides the activation of a class of nuclear receptors 

involved in control of inflammation.37 

 

Mouse strains 

In the experimental setup, the two commonly employed inbred mouse strains, namely Balb/C 

(albino) and C57Bl/6 (black), were selected as research models. These strains are very favored 

in scientific research due to their well-established genetic stability, which arises from their 

homozygous nature.  

 

Inbred strains are characterized by their formation through over 20 generations of breeding 

between siblings. 38 The individuals of an inbred strain are deemed indistinguishable, with any 

observed variations in traits primarily attributed to environmental differences. Because of this 

genetic uniformity, research can be conducted with relatively small sample sizes. Inbred 

strains are valuable for elucidating the genetic basis of characteristics such as susceptibility to 

infections or reactions to medications. This genetic uniformity of the mice ensures a consistent 

and well-defined phenotype within each strain, and also offers a reliable and unambiguous 

background information for the study.39 
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2. FigureThe mouse strains and their common characteristics that make them ideal for the conducted experiments. Created 
with BioRender.com, images used from cyagen. 

 

While both Balb/C and C57/Bl6 strains (depicted above in Figure 2) share numerous 

similarities and are often assumed to have comparable characteristics, there are a few 

distinctions in their innate immune responses. These variations are due to differences in 

cytokine and leukocyte levels between the two strains, which implies that certain aspects of 

their immune systems may diverge. These differences in the innate immune responses could 

be of significance when interpreting experimental outcomes, and understanding potential 

differences in disease models or treatment responses.40 

 

Ascending vs descending parts of the colon 

The experimental protocol involved the collection of both the ascending and descending 

segments of the colons. As depicted in the figure below (in Figure 3), the ascending colon, 

positioned along the right side of the abdomen, primarily serves as a site for water absorption.  

However, the descending colon, which is in the lower abdomen, functions as a reservoir for 

fecal matter.  
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3. Figure: The ascending and descending parts of the colon. Figure created with BioRender.com. 

It is important to mention that ascending and descending portions of the colon, depicted 

above in Figure 3, exhibit dissimilarities in terms of metabolite composition and epithelial 

morphology due to the differences of the mucus layer. 41 By evaluating both segments of the 

colon, a much more comprehensive assessment of the manifestations of these differences 

following AOM/DSS treatment can be made. 

 

The colon spans around 150 cm in length, running from the ileocecal valve to the anus. It 

consists of seven segments: the cecum, ascending colon, transverse colon, descending colon, 

sigmoid colon, rectum, and anus. 42 The differentiation between right-sided and left-sided 

colon is rooted in their embryonic development. Specifically, the cecum, appendix, ascending 

colon, hepatic flexure, and the initial two-thirds of the transverse colon originate from the 

midgut. The remaining one-third of the transverse colon, splenic flexure, sigmoid colon, 

descending colon, and rectum originate from the hindgut. Tumors in right-sided colorectal 

cancer originate from the ascending colon and the proximal two-thirds of the transverse 

colon, while those in left-sided colorectal cancer develop from the descending and sigmoid 

colon, as well as the distal one-third of the transverse colon.41,43 
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CRCs that arise in the ascending or descending colon exhibit variations in age-specific and sex-

specific incidence rates, as well as differences in clinical, pathological, and molecular 

characteristics of tumors.44 

 

The variations in which how ascending and descending colon develop and function could 

reflect differing susceptibilities to the development of different types of cancer. Tumors in the 

ascending part of the colon appear to manifest a genetically more stable form of the disease 

and could possibly arise trough the same mechanisms that underlie hereditary nonpolyposis 

colon cancer. In contrast, tumors in the descending part of the colon show higher levels of 

genetic instability and may develop through the same mechanisms that underlie polyposis-

associated CRC syndromes. Distal tumors show evidence of greater genetic instability and may 

develop in a way similar to CRC syndromes associated with the proliferation of multiple 

polyps.45 

 

There are notable distinctions between the right and left sides of the colon, possibly causing 

tumors to evolve differently in these areas. For example, the ascending colon comes from the 

embryonic midgut and receives blood from the superior mesenteric artery. On the other hand, 

the descending colon develops from the hindgut, receiving blood from the inferior mesenteric 

artery while also being perfused by the superior mesenteric artery. Additionally, the distal 

colon also originates from the hindgut and is supplied by the inferior mesenteric artery. The 

capillary network around the ascending colon is multilayered, which may relate to its greater 

water absorption and electrolyte transport capacity. At the same time, the descending colon 

is single-layered.46,47 

 

During the fetal development, the blood group antigens A, B, H and Leb are expressed 

throughout the fetal colon, whereas in adulthood are exclusively found in the ascending 

colonic mucosa. Additionally, rectal mucosa produces acidic (sulphated or carboxylated) 

mucin, while the ascending colonic mucosa produces neutral mucin. Acidic mucin contributes 

to the protective function of the mucus layer in the colon by helping to lubricate the passage 

of stool, protect the colon lining from mechanical damage, and create a barrier against 
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harmful substances and pathogens. It is also suggested that sulfated mucins are involved in 

regulating cell division, however their production is reduced in adenocarcinomas.48 49,50 

The length of the crypts also vary between the ascending and descending colonic segments, 

the ascending colon features longer crypts on average than the descending colon51. 

Furthermore, the ascending colonic mucosa exhibits a lower apoptotic index, possibly due to 

reduced expression of the pro-apoptotic protein Bak compared to the descending colonic 

mucosa.52 

 

Aim 

In my thesis, I focused on age, as one of the main risk factors for developing CRC. Most animal 

models that are used for experiments for CRC research are conducted on young mice (3-

month-old) even though it is a disease that affects the older population. To address this 

disparity and achieve a more comprehensive understanding of the disease, my investigation 

employed aged mice (18-months-old) to bridge the gap between the experimental model and 

the target population. 

 

The aim of my research was to investigate how anti-inflammatory therapy with 5-ASA affects 

the development of colon cancer emergence in 18-month-old mice and to shed light on how 

the age influences the response to 5-ASA treatment. 
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Methods and materials 
 

AOM/DSS Treatment 

For the experiment the mouse strains C57BL/6 and Balb/C were used as they are two 

commonly used mouse strains in laboratory research. 53 

 

4. Figure: Overview of the mouse groups and the treatment they received. Figure was made with BioRender.com 

 

The figure above gives an overview of the mouse strains that were used in the experiments, 

and the treatments they received. The results for the young mice were obtained by Nadja 

Kupper, a former PhD student of the Kallay group. I am using her results in order to better 

display the difference between how young vs. old mice react to 5-ASA treatment. The control 

groups for the young mice appear grey in the table above, as we did not have data from them 

at the end of my experiments.  

 

For the experimental procedure (depicted in Figure 5), mice from two different strains at the 

age of 18 months were subjected to AOM/DSS treatment for a duration of 12 weeks. At the 

start of the first week, the mice were administered a single injection of 11.5 mg/kg AOM. 
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During the 2nd, 5th, and 8th weeks of the treatment, the mice were given 2.5% (w/v) DSS in 

their drinking water for 7 consecutive days. Following the completion of the 12-week 

treatment, the mice were euthanized, and their colons were collected for further analysis. 

 

 

5. Figure: An overview of the AOM/DSS treatment. Figure was made with BioRender 

 
 

RNA Isolation 

After the colons were collected, the RNA was extracted from the colon tissues using the 

Promega ReliaPrep RNA Tissue Miniprep System. Initially, 500 μl of LBA+TG buffer was 

pipetted onto the colon tissues for lysis, and subsequently, the samples were placed in a tissue 

homogenizer. 

 

An equal amount (500 μl) of RNA dilution buffer (RDB) was pipetted onto the samples 

following homogenization, and the samples were mixed by vortexing for 10 seconds. After 

vortexing, the samples were placed into a centrifuge for 10 minutes at 10.000 g, after which 

the lysates were removed and placed into new tubes, without debris. 

340 μl isopropanol was added to the samples. 

 

For the subsequent procedures, the minicolumns provided in the ReliaPrep kit were placed 

atop the collection tubes, and 700 μl of the lysates were carefully transferred into the 

minicolumns. The minicolumns were then subjected to centrifugation at 12,000–14,000 × g 

for 1 minute. Following centrifugation, the minicolumns were detached, and any remaining 

liquid in the collection tubes was discarded. Subsequently, the minicolumns were reinserted 

into the collection tubes, and the centrifugation step was repeated. After the two 

centrifugation steps, 500 μl of RNA Wash Solution was added to the minicolumns, centrifuged 

at 12,000–14,000 × g for 30 seconds and the liquid from the collection tubes was discarded 

again.  
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For the next incubation step a DNase 1 incubation mix was prepared by combining the 

following reagents: 

24 μl of Yellow Core buffer 

3 μl 0.09 M MnCl2 

3 μl of Dnase 1 enzyme 

30 μl of the incubation mix was applied directly to the membrane inside the minicolumn.  

The role of the DNase is to reduce viscosity and to remove the moderate amount of DNA 

contamination. After making sure that the membranes are completely covered by the 

incubation mix the samples were left to incubate on room temperature for 15 minutes, before 

200 μl of the Column Wash Solution was added to the minicolumns and they were centrifuged 

at 12,000–14,000 × g for 15 seconds.  

 

Following this step, the minicolumns were washed two more times, first time with 500 μl and 

the second time with 300 μl of RNA Wash Solution. 

Following the two washing steps, the minicolumns were taken out from the collection tubes 

and transferred to 1.5ml elution tubes. To elute the RNA, 30 μl of nuclease-free water was 

added to the minicolumns. The tubes were then centrifuged at 12,000–14,000 × g for 1 

minute. After centrifugation, the minicolumns were removed and discarded, leaving the 

isolated RNA from the samples in the elution tubes with the 30 μl of nuclease-free water. 

 

Agarose gel electrophoresis was performed to check if the RNAs were still intact. The samples 

were run on a 1% agarose gel for 35 minutes at 100V. After the run was completed, the bands 

for the subunits of the RNA (28S, 18S and 5S) were all detectable on the gel. I expected to see 

the 28S rRNA, 18S rRNA and the 5S rRNA band on the gel to confirm that no RNA was lost 

during the isolation.  

 

The concentration and purity of the RNA samples were assessed using a spectrophotometer 

in units of ng/μl. The spectrophotometric analysis also provided information about the purity 

of the samples and the pollution by phenol. Both values for the samples were in the ideal 

range (A260/280: 1,60 - 2,00 for protein purity and A260/230: > 2,00 for ethanol and phenol 

purity). 
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Quantitative reverse transcription polymerase chain reaction 

The quantitative reverse transcription polymerase chain reaction is widely used to identify 

DNA. Reverse transcription, the conversion of RNA to complementary DNA (cDNA), is the first 

step to measure gene expression. Thus, following the extraction and purification, the RNA was 

reverse transcribed using the High-Capacity cDNA Reverse Transcription kit (Applied 

Biosystems, USA) following the manufacturer's instructions. 

 

Reverse transcription 

Reverse transcription is the enzyme-mediated synthesis of a cDNA molecule from an RNA 

template. 

 

1. Table: The components used for reverse transcription. 

 1 sample Unit 

RT buffer 2 μl 

dNTPs 0.8 μl 

random primers 2 μl 

reverse transcriptase 1 μl 

RNase free H2O 4.2 μl 

Total 10 μl 

 

All components, depicted in the table above (3. Table), were maintained on ice. RNA and 

RNAse free water were added to each tube accordingly to have 1000 ng of RNA in every tube. 

After the finished reverse transcription, the cDNA was diluted 1:10 in new 8-strip PCR tubes 

with individual shielded caps (0.2 ml). After dilution, the additional component (primers, 

dNTPs and lastly the enzyme reverse transcriptase) were added to the tubes. After every 

component was mixed the samples were incubated according to the thermocycler protocol 

below.  
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Thermocycler set up 

Primer annealing: 25°C for ten minutes  

DNA polymerization: 37°C for 120 minutes  

Enzyme deactivation: 85°C for five minutes 

Hold: 4°C 

 

Quantitative RT-PCR  

RT-qPCR was performed with Power SYBR Green PCR master mix (Applied Biosystems) using 

a StepOne Plus Real-Time PCR device. 

 

SybrGreen is a fluorescent dye that specifically attaches to double-stranded DNA. As the PCR 

progresses, increasing amounts of SybrGreen bind to the newly synthesized double-stranded 

DNA. This leads to a rise in the fluorescence signal, which can be observed in real-time. By 

plotting the fluorescence against the temperature to create a melting curve, the PCR product 

can be analyzed to determine target specificity and to check for the presence of a single PCR 

product. For each target, a master mix (Power SybrGreen PCR Master Mix (MM) from Applied 

Biosystems) containing specific primers for amplification of the target gene was prepared. 

 

The housekeeping genes were measured in triplicates, while all the other targets and 

the negative control were run as duplicates. To normalize the gene expression of the 

targets and to account for small variations in for example cDNA concentration, the 

housekeeping genes Eef1b2 (eukaryotic translation elongation factor 1  2) and -actin were 

used. The calibrator was used to normalize the expression of the targets between individual 

qPCR runs.  
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2. Table: Components of the quantitative RT-PCR 

Components Volume in μL 

MM 6.5 

Primer (5 μM stock) 0.5 

water 4 

sum 11 

cDNA (1:10) 2 

total 13 

 

The components of the master mix were prepared according to the table above. First the 11μL 

of the MM was pipetted in every used well of the qPCR plate (MicroAmp Fast Optical 96-well 

Reaction Plate with Barcode 0.1 ml from Applied Biosystems, Thermo Fischer Scientific). In the 

subsequent stage, 2 μL of cDNA, which had been diluted 1:10 with water was added into each 

well of the plate. To ensure proper mixing of the contents, the plate was then sealed with 

optical adhesive film and centrifuged at 4 °C for 5 minutes at 1,000 x g.  

After the PCR run was complete, the Ct value was then defined as the number of cycles it takes 

for each sample to pass a fixed fluorescence threshold. Samples with higher original mRNA 

content, and thus cDNA content after reverse transcription, reach this threshold quicker than 

the samples with originally fewer mRNA copies. The target Ct values are then normalized to 

the Ct values for the mean values of the two housekeeping genes -actin and Eef1b2 of the 

same sample.  

 

Analysis 

For the analysis of the RT-qPCR results, the baseline was set between 3 and 12 and the 

threshold for Ct determination at 0.4. That way the amplification curve of all products was still 

linear. Afterwards the mean and the standard deviation of the duplicates was calculated to 

find potential outliers, which are more than 2 standard deviations to either side of the mean. 

The Ct value was calculated as follows: the Ct-mean of the mean of the housekeeping genes 

was subtracted from the Ct-mean of the target gene. 
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Housekeeping genes maintain basic cellular functions of the organism and their expression 

does not change under normal conditions, thus serving as internal reference genes in qPCR. 

That way they can be used as a reference to normalize the differences in the concentration of 

each target. 54 The Ct value was then calculated based on the Ct values. This was done by 

subtracting the Ct of the calibrator from the Ct of the target that was normalized to the 

calibrator. The calibrator serves as a standard for the expression of the targets.  

 

The ΔΔCt value provides information about the change in target gene expression relative to 

the calibrator. The corresponding fold-change value is calculated using the formula: 2^(-ΔΔCt). 

It gives information about how much more or less mRNA is in a sample compared to the 

calibrator. After real-time PCR, the data analysis was done using Microsoft Excel to sort the 

data, and the graphs were drawn by GraphPad Prism version 9 (GraphPad Software Inc., San 

Diego, USA).     

 

Immunohistochemical (IHC) stainings 

Immunohistochemistry (IHC) is a technique that uses specific antibodies to locate and identify 

antigens in cells and tissues.55 

 

The essential steps of Immunohistochemistry (IHC) can be outlined as follows: first, antigen 

retrieval is performed; then, the primary antibody is added; next, a secondary antibody is 

applied, which binds to the primary antibody. Finally, a detection reagent is introduced in 

order to precisely locate the primary antibody and to reveal the target antigen.56 

 

Antigen retrieval entails pretreating the tissue sample to reverse the masking effect that is 

caused by fixation. This step allows for the unveiling of previously concealed antigens and 

making them more susceptible to antibody binding. By enhancing the accessibility of these 

antigens, antigen retrieval allows for more efficient and specific antibody-antigen interactions 

during the subsequent stages of the IHC procedure. This leads to a more accurate and more 

reliable detection and localization of target molecules within the tissues.57  
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The primary antibody, which may be either monoclonal or polyclonal1, is carefully adjusted to 

achieve the ideal balance between staining the target tissue and reducing any unwanted 

background staining. To visualize the antigen-antibody interaction using light microscopy, 

either the primary or the secondary antibody is labeled. The secondary antibody specifically 

targets the immunoglobulin from the species, in which the primary antibody was made. The 

labeling allows for visualization and detection of the bound antibodies, which ensures the 

identification and localization of the target antigen within the sample.  

 

In some cases, background staining can happen due to the nonspecific binding of antibodies. 

To minimize this, the samples are incubated with serum from the same species as the 

secondary antibody, or with a blocking agent.55 

To ensure the accuracy of the staining process, negative controls are used to check for 

nonspecific binding of the secondary antibody. These controls involve treating the sample 

tissue in the same way as the experimental samples but leaving the primary antibody out. 

By including these negative controls, I was able to verify the specificity of the staining and to 

differentiate between genuine antigen-antibody interactions and any background staining 

caused by nonspecific binding.55 

 

Ki-67-staining:  

1st antibody: KI67 570 Bioscience, (#41-5698-82, Thermo Fisher Scientific Inc., AT)  

The steps of the KI67 staining were as follows: 

1. Paraffin melting: I put the samples in oven for 25 minutes at 60°C.  

2. Rehydration: I washed the samples with xylene (3x10 minutes) and then with ethanol. 

For the ethanol, each washing step took 5 minutes, the concentration of ethanol 

decreasing after each wash. (100% -> 30%). As the last rehydration step, I washed the 

samples with PBS (5 minutes). 

 
1 monoclonal antibodies are produced from a cell lineage by cloning a white blood cell and they can only bind 
the same epitope, whereas polyclonal antibodies are made of multiple cell lineages and bind to multiple 
epitopes. 
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3. Antigen retrieval: I preheated the citrate buffer (10mM, pH=6) up to boiling 

temperature in the steamer and let he slides boil for 20 min the hot buffer. After letting 

it cool for 20 min at room temperature, I washed them for 2x5 min in PBS.  

4. I marked the tissues with Dako Pen, making a circle around each tissue on the slides.  

5. Permeabilization: I put the slides into PBS-0.2% Tween for 5 minutes. 

6. Blocking: For unspecific background blocking, to reduce the background due the 

antibodies already present in the tissue, I incubated the samples with 5% goat serum 

in PBS-0.2% Tween for 30 minutes at room temperature.  

7. 1st antibody: I diluted KI-67-570 1:250 in 0.1% BSA in PBS and left it overnight in the 

humidifier chamber at 4°C.  

8. Washing with PBS-0.05% Tween 3x5 minutes.  

9. I diluted 4',6-diamidino-2-phenylindole2 (DAPI) 1:1000 in PBS and applied 2-3 drops to 

the slides, which I then left for 15 minutes in the dark.  

10. Washing 3 times in PBS-0.05% Tween for 5 minutes.  

11. I rinsed the slides in double distilled water and mounted them with Fluoromount 

(Fluoromount-G™ Mounting Medium, Thermo Fisher Scientific). 

After these steps the samples were stored on 4° C. 

CD20-staining: 

1st antibody: CD20 Abcam 64088 

2nd antibody: AB FL647 goat-anti-rabbit  

The steps of CD20 staining are as follows: 

Stept 1. to 3. were identical to the first staining protocol.  

4. Permeabilization & blocking: For unspecific background blocking, I incubated the 

samples with 5% goat serum in PBS-0.05% Tween for 60 min at room temperature.  

5. 1st antibody: I diluted CD20 1:200 in blocking buffer and left it overnight in the 

humidifier chamber at 4°C.  

 
2 blue-emitting fluorescent compound used for staining nuclei 
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6. I washed the samples with PBS-0.05% Tween for 3x5 minutes.  

7. 2nd antibody: I diluted AB FL647 goat-anti-rabbit 1:1000 in blocking buffer. I spun the 

secondary antibody down at 14.000 x g for 10 minutes at 4°C before applying 2-3 drops 

on each sample. Afterwards I incubated the slides for 1 hour at room temperature in 

the dark.  

I performed the steps 8. to 12. as in the protocol above. 

The acquired data was analyzed with the software tools TissueQuest and TissueFAXS 

(TissueGnostics GmbH, Vienna, Austria). These tools help to quantify and analyse biomarkers 

within the colonic tissue samples by using digital image analysis techniques. 
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Results 

RNA isolation and spectrophotometric evaluation 

After RNA isolation, the samples were loaded onto an agarose gel (as seen in the 6. Figure) to 

see whether any of the samples have been lost during the extraction process and whether the 

RNA was intact. The isolation was successful, with all the samples showing the 28S rRNA, 18S 

rRNA and 5S rRNA bands. Since the samples were all intact, the actual experiments could be 

continued.  

 
6. Figure: Representative gel electrophoresis of the intact samples from the descending colon. The subunits of the RNA are 
depicted on the right side of the figure next to the corresponding band. The 1% agarose gel was running on 100V for 40 
minutes. The samples in the figure are of the descending parts of the colon 

 

Expression levels of the targets  

For reverse transcription PCR analysis, different targets were used to measure the effect of 

the 5-ASA treatment on the expression levels the targets in the 18-month-old mice from both 

strains. The housekeeping genes used were EEf1b2 and actin, and the targets assessed were 

interleukine 6 (Il-6), cyclooxygenase 2 (COX-2), Bcl-2-associated X protein (BAX), B-cell 

lymphoma 2 protein (Bcl-2), Leucine-rich repeat-containing G-protein coupled receptor 5 

(Lgr5), tumor necrosis factor alpha (Tnf), Vitamin D3 24-hydroxylase (CYP24), 25-

Hydroxyvitamin D 1-alpha-hydroxylase (CYP27), c-Myc, Calcium-sensing receptor (CaSR), 

Vitamin D receptor (VDR) and transcription factor 4 (Tcf4). 

28S rRNA 
18S rRNA 
 
5S rRNA 
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The targets were chosen to have a variety of inflammatory markers (such as IL-6, COX2 and 

Tnf), as apoptotic markers (Bax and Bcl2) and markers of the vitamin D system (VDR, CaSR, 

CYP24A1 and CYP27B1) and the Wnt pathway (Lgr5 and Tcf4) to gain a comprehensive 

understanding of CAC development and its treatment across these areas.  
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7. Figure: Figure: Expression levels for Bax in the ascending and descending colonic tissue of 18-month-old mice. The lines 
between the data points depict the mean expression levels while the values on the y-axis represent fold change expression vs. 
calibrator. Following a PCR, a two-way ANOVA (analysis of variance) was executed to evaluate the effects of multiple factors 
(strain and colonic segment) ont h results. Significantly distinct differences between groups are indicated by the presence of 
asterisks (P<0.05). 
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 The figure above (Figure 7) presents a comparative analysis of Bax, a pro-apoptotic factor´s 

expression levels in the colonic tissue of 18-month-old Balb/C and C57Bl/6 mice in the 

ascending and descending colonic segments.  

On the x-axis the mice in the various treatment groups are listed. The “-5-ASA” group refers 

to the group exclusively subjected to the AOM/DSS treatment without receiving any 

mesalazine. The “+5-ASA” category represents the group that received anti-inflammatory 

treatment with mesalazine after the AOM/DSS treatment. The “control” group, on the other 

hand, didn´t receive either the AOM/DSS treatment, or the mesalazine. During the mouse 

“sacrifice” two tumors were detected in the descending parts of the colonic tissues. One 

tumor was found in the desending colonic tissue of the Balb/C ice, the other tumor in the 

descending colonic tissue of the C57Bl/6 mice. Consequently, the decision was made to 

include them for descriptive but not statistical purposes, in order to enhance our 

understanding of how the anti-inflammatory therapy with 5-ASA affects the emergence of 

CRC emergence across all groups delineated on the x-axis. 

In the Balb/C strain, the treatment with 5-ASA did not lead to any notable response in Bax 

expression levels. The expression levels of the pro-apoptotic factor Bax rose in the ascending 

colon upon receiving the AOM/DSS treatment compared to the control group, in the 

descending colonic segment.  

In the C57Bl/6 mice, the AOM/DSS treatment led to a significant decrease in Bax levels 

compared to the control group in the ascending colon. Following anti-inflammatory 

treatment, the expression levels of Bax increased slightly, but didn´t get close to the levels of 

the control group, resulting in a significant difference between the two groups. Interestingly, 

the descending colonic tissue reacted differently, as the production of the pro-apoptotic 

factor Bax increased following AOM/DSS treatment, and only slightly decreased after anti-

inflammatory treatment with 5-ASA.  
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8. Figure:Expression levels for Bcl2 in the ascending and descending colonic tissue of 18-month-old mice. The lines between 
the data points depict the mean expression levels while the values on the y-axis represent fold change expression vs. 
calibrator. Following a PCR a two-way ANOVA (analysis of variance) was executed to evaluate the effects of multiple factors 
(strain and colonic segment) ont he results. Significantly distinct differences between groups are indicated by the presence of 
asterisks (p<0.05) 

In the ascending colonic segment of the Balb/C mice, the expression levels of the anti-

apoptotic factor Bcl2 remained similar among all groups, regardless of treatment (Figure 8.). 
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The AOM/DSS treatment and the administration of anti-inflammatory treatment with 5-ASA 

did not result in any notable change in Bcl2 expression levels.  

Similar patterns were observed in the descending colonic tissues of the Balb/C mice. The Bcl2 

levels stayed consistently low for each group. Similarly, the C57Bl/6 mice exhibited no change 

in their Bcl2 levels either. The expression rate remained consistently low in both the ascending 

and descending colonic segments, with no significant differences discernible between the 

groups. The anti-inflammatory treatment with mesalazine had no impact on the expression 

levels of Bcl2, as it remained unchanged in all groups that received this treatment. The tumor 

I the descending colon of the C57Bl/6 mice showed slightly higher expression level of Bcl2 

compared to the other groups in this colonic segment.  
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9. Figure: Expression levels for COX2 in the ascending and descending colonic tissue of 18-month-old mice. The lines between 
the data points depict the mean expression levels while the values on the y-axis represent fold change expression vs. calibrator. 
Following a PCR, a two-way ANOVA (analysis of variance) was executed to evaluate the effects of multiple factors (strain and 
colonic segment) on the results. Significantly distinct differences between groups are indicated by the presence of asterisks 
(p<0.05) 
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In the Balb/C strain, the administration of the AOM/DSS treatment led to an increase in the 

expression level, as seen compared to the control group. The introduction to mesalazine did 

not result in any changes in the expression levels of the pro-inflammatory marker COX2. Figure 

9 also depicts that in descending colonic segments, all groups exhibited similar COX2 levels, 

independent of treatment. 

In both descending colonic tissues of the mouse strains the tumor sample exhibited the 

highest COX2 expression levels.  

 

In the ascending colon, the groups that received AOM/DSS treatment displayed slightly 

elevated COX2 expression levels compared to the ascending colonic tissues of the Balb/C mice. 

Mice that received anti-inflammatory treatment, and the control group, which didn´t receive 

any treatment, exhibited similar COX2 levels. In the descending colonic tissue of the C57Bl/6 

mice, the tumor showed the highest COX2 levels. In this colonic segment, a significant 

difference emerged between the control group and the AOM/DSS treated group. The group 

that received the AOM/DSS treatment and subsequently developed CAC showed significantly 

higher expression rates of the pro-inflammatory marker COX2, compared with the control 

group.  
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10. Figure: Figure: Expression levels for Il6 in the ascending and descending colonic tissue of 18-month-old mice. The lines 
between the data points depict the mean expression levels while the values on the y-axis represent fold change expression vs. 
calibrator. Following a PCR, a two-way ANOVA (analysis of variance) was executed to evaluate the effects of multiple factors 
(strain and colonic segment) on the results. Significantly distinct differences between groups are indicated by the presence of 
asterisks (p<0.05) 
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As seen in Figure 10, in the Balb/C mice, Il6 expression levels compared with the control group 

have similar expression levels as normal intestines. Both the ascending and descending colonic 

segment exhibited similar Il6 expression levels with no discernible difference between the 

groups. Following AOM/DSS treatment and subsequent anti-inflammatory intervention with 

5-ASA, Il6 expression levels remained unaltered. Notably, neither the control group nor the 

tumor displayed any appreciable alteration in the expression levels of Il6. 

 

In contrast, the C57Bl/6 mice exhibited a distinct response. In the ascending colon of C57Bl/6 

mice, there was a subtle downregulation of Il6 following anti-inflammatory treatment, 

suggesting a reduction in colonic inflammation post-treatment. The control group within this 

strain displayed the lowest Il6 expression levels among all groups.  

In the descending colon of the C57Bl/6 mice the Il6 levels decreased following the anti-

inflammatory treatment, similarly to the trend observed in ascending colon, indicating strain 

specific regulation of the pro-inflammatory cytokine Il6. Notably, Il6 expression levels in the 

control group were similar with those of the group that underwent anti-inflammatory 

treatment, with the control group displaying the lowest Il6 levels compared with the 

experimental groups. 
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11. Figure: Expression levels for TNF  in the ascending and descending colonic tissue of 18-month-old mice. The lines between 
the data points depict the mean expression levels while the values on the y-axis represent fold change expression vs. calibrator. 
Followin a PCR, a two-way ANOVA (analysis of variance) was executed to evaluate the effects of multiple factors (strain and 
colonic segment) on the results. Significantly distinct differences between groups are indicated by the presence of asterisks 
(p<0.05) 
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In Figure 11 we can see that in the Balb/C strain the expression levels of TNF in the ascending 

colonic tissue appeared to remain unaffected after the anti-inflammatory treatment with no 

observed change in expression levels among groups. While there was some more variation in 

the TNF levels in the descending colonic tissue of the Balb/C strain, there was no significant 

difference between the groups. The control group also exhibited very low expression rates for 

TNF, with no notable difference in the treated groups.  

 

The C57Bl/6 strain showed higher expression levels of TNF compared to the Balb/C strain. In 

the ascending colon of the C57Bl/6 mice the TNF levels were slightly lower in the group that 

received anti-inflammatory treatment than in the AOM/DSS group. The tumor showed a 

drastically higher expression rate of TNF than the other groups. 

The descending colon of the C57Bl/6 mice, the TNF levels were the highest overall, especially 

in the tumor, showing a stark contrast with the control group, which had the lowest TNF 

levels in this colonic segment. The control group's expression was lower compared to the 

group without anti-inflammatory treatment.  
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12. Figure: Expression levels for CaSR in the ascending and descending colonic tissue of 18-month-old mice. The lines between 
the data points depict the mean expression levels while the values on the y-axis represent fold change expression vs. calibrator. 
Followin a PCR, a two-way ANOVA (analysis of variance) was executed to evaluate the effects of multiple factors (strain and 
colonic segment) on the results. Significantly distinct differences between groups are indicated by the presence of asterisks 
(p<0.05) 
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Figure 12 depicts how after treating with the anti-inflammatory drug 5-ASA, the levels of CaSR 

were slightly reduced in the upper colon of Balb/C mice. However, there was no noticeable 

change in CaSR levels in the lower colon of these mice.  

 

In C57Bl/6 mice, there were variations in CaSR expression levels between the ascending and 

descending colon tissues. In the ascending colon, the CaSR levels decreased upon receiving 

the anti-inflammatory treatment with mesalazine. The expression level was even lower in the 

control group. The tumor showcased an increase in CaSR expression levels.  

 

Conversely, in the descending colon of C57Bl/6 mice, there was a subtle upregulation of CaSR 

levels following anti-inflammatory intervention. Notably, despite this modest increase, the 

control group consistently maintained elevated CaSR expression levels compared to the 

mesalazine-treated group.  
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13. Figure: Expression levels for VDR in the ascending and descending colonic tissue of 18-month-old mice. The lines between 
the data points depict the mean expression levels while the values on the y-axis represent fold change expression vs. calibrator. 
Following a PCR, a two-way ANOVA (analysis of variance) was executed to evaluate the effects of multiple factors (strain and 
colonic segment) on the results. Significantly distinct differences between groups are indicated by the presence of asterisks 
(p<0.05) 

  
In Balb/C mice, the administration of the anti-inflammatory agent 5-ASA resulted in a slight 

reduction of VDR expression in the ascending colon compared to the “-5-ASA” group that 

developed CAC. The control group exhibited even lower VDR expression, making the 
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AOM/DSS treated group the one with the highest VDR expression levels. Notably, the tumor 

had significantly lower VDR levels than the other groups, exhibiting the lowest VDR expression 

in the ascending colon. 

 

In the descending colon of Balb/C mice, the “-5-ASA” group had even higher VDR expression 

levels than its counterpart in the ascending colon. The introduction of anti-inflammatory 

treatment led to a substantial decrease in VDR expression, particularly pronounced when 

compared to the changes observed in the ascending colon. The control group displayed 

markedly lower VDR levels compared to the group that did not receive 5-ASA treatment. It is 

noteworthy that, while the expression rates of VDR were similar between the control groups 

and the anti-inflammatory treatment groups, this was not the case for the group that did not 

receive 5-ASA treatment. In the descending colon, the tumor of Balb/C mice exhibited the 

lowest VDR expression, across both colonic segments and mouse strains, as depicted in Figure 

13. 

 

In the ascending colon of C57Bl/6 mice, an opposing response was observed with a slight 

increase in VDR levels upon introducing mesalazine. Notably, the control group exhibited the 

highest expression levels, establishing it as the group in this colonic segment of C57Bl/6 mice 

with the highest VDR levels, clearly surpassing those of the tumor. 

 

Like the ascending colon, the descending colon of the C57Bl/6 strain displayed elevated VDR 

levels following anti-inflammatory treatment with 5-ASA. The disparity in VDR expression 

between the control group and the anti-inflammatory treatment group was substantial in this 

colonic segment, with the control group exhibiting significantly higher VDR expression than 

any other group. The difference was notably pronounced when compared to the -5-ASA 

group. Once again, the tumor exhibited the lowest VDR expression rates in both colonic 

segments and both strains. 
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14. Figure: Expression levels for CYP24A1 in the ascending and descending colonic tissue of 18-month-old mice. The lines 
between the data points depict the mean expression levels while the values on the y-axis represent fold change expression vs. 
calibrator. Following a PCR, a two-way ANOVA (analysis of variance) was executed to evaluate the effects of multiple factors 
(strain and colonic segment) on the results. Significantly distinct differences between groups are indicated by the presence of 
asterisks (p<0.05) 

 

As seen in Figure 14, in Balb/C mice, the administration of 5-ASA, an anti-inflammatory agent, 

resulted in an upregulation of CYP24A1 expression levels within the ascending colon. The 

CYP24A1 levels observed in the control group and the group without anti-inflammatory 
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treatment were nearly indistinguishable. Conversely, in the descending colonic tissue of 

Balb/C mice, the anti-inflammatory treatment demonstrated a lack of impact on CYP24A1 

expression rates, with all experimental groups consistently displaying markedly low CYP24A1 

levels, even lower than those observed in the ascending colon of Balb/C mice. 

 

In contrast, in the ascending colon of C57Bl/6 mice, the anti-inflammatory treatment led to 

an increase in CYP24A1 expression levels. The control group within this colonic tissue 

exhibited higher levels of CYP24A1 expression compared to the ascending colon of Balb/C 

mice. Meanwhile, in the descending colon of C57Bl/6 mice, the expression levels of CYP24A1 

were elevated in the tumors when compared to the other groups within the same colonic 

segment.  
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15. Figure: Expression levels for CYP27B1 in the ascending and descending colonic tissue of 18-month-old mice. The lines 
between the data points depict the mean expression levels while the values on the y-axis represent fold change expression vs. 
calibrator. Following a PCR, a two-way ANOVA (analysis of variance) was executed to evaluate the effects of multiple factors 
(strain and colonic segment) on the results. Significantly distinct differences between groups are indicated by the presence of 
asterisks (p<0.05) 

  
In the ascending colonic tissue of the Balb/C mice the the anti-inflammatory treatment led to 

no notable impact on the expression level of CYP27B1. All group in this colonic segment 
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displayed consistently low expression rates for CYP27B1 than in the descending colon, as 

shown in Figure 15. 

In contrast, the descending colon of the Balb/C mice showed higher expression levels than the 

ascending colon. Unlike in the ascending colon, the anti-inflammatory treatment led to a slight 

decrease in the CYP27B1 expression, making it slightly lower than the expression levels of the 

control group. Notably, the tumor in the descending colon displayed significantly lower 

CYP27B1 levels, about five times lower than the other groups. 

 

In the ascending colon of C57Bl/6 mice, CYP27B1 levels were slightly elevated in comparison 

to those observed in Balb/C mice, yet no discernible alterations in CYP27B1 expression were 

detected in response to the anti-inflammatory treatment. However, in the C57Bl/6 strain, the 

tumor exhibited an upregulation of CYP27B1expression, approximately twice as high as the 

other groups. In the descending colon of the C57Bl/6 strain, akin to the descending colon of 

the Balb/C strains, the expression levels of CYP27B1 were elevated compared to the ascending 

colon, and like in the Balb/C strain, there was no significant difference in the expression rates 

between the groups. 
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16. Figure: Expression levels for c-Myc in the ascending and descending colonic tissue of 18-month-old mice. The lines between 
the data points depict the mean expression levels while the values on the y-axis represent fold change expression vs. calibrator. 
Following a PCR, a two-way ANOVA (analysis of variance) was executed to evaluate the effects of multiple factors (strain and 
colonic segment) on the results. Significantly distinct differences between groups are indicated by the presence of asterisks 
(p<0.05) 

  
 
In Balb/C strain mice, the administration of an anti-inflammatory treatment had minimal 

impact on the expression levels of c-Myc. In the ascending colon the c-Myc levels remained 
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similar across all groups, with similar expression levels to the calibrator, that are similar to 

healthy intestines, indicating normal expression levels independent of AOM/DSS or 5-ASA 

treatment.  In the descending colon tissue of the Balb/C mice, the anti-inflammatory 

treatment with 5-ASA resulted in a slight decrease in the c-Myc levels. The control group and 

the tumor demonstrated comparable expression rates, mirroring the expression patterns 

observed in the ascending colon of Balb/C mice. 

 

Figure 16 also depicts how In the C57Bl/6 mouse strain, the expression of the c-Myc gene was 

significantly elevated in tumors, showing a fourfold increase in comparison to other groups. 

In the ascending colon of C57Bl/6 mice, there was a slight reduction in c-Myc levels following 

anti-inflammatory treatment. The control group exhibited c-Myc levels like the group that 

received only AOM/DSS without anti-inflammatory treatment. 

 

In the descending colon of C57Bl/6 mice, a similar increase in c-Myc expression was observed, 

mirroring what was seen in the ascending colon of these mice. Once again, the introduction 

of anti-inflammatory treatment with mesalazine resulted in a modest decrease in c-Myc 

expression levels, while the control group showed c-Myc levels similar to the group that did 

not receive anti-inflammatory treatment. 
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17. Figure: Expression levels for Lgr5 in the ascending and descending colonic tissue of 18-month-old mice. The lines between 
the data points depict the mean expression levels while the values on the y-axis represent fold change expression vs. calibrator. 
Followin a PCR, a two-way ANOVA (analysis of variance) was executed to evaluate the effects of multiple factors (strain and 
colonic segment) on the results. Significantly distinct differences between groups are indicated by the presence of asterisks 
(p<0.05) 

 
In the Balb/C strain the Lgr5 expression levels didn´t exhibit any significant changes. Figure 17 

demonstrates that while in the descending colon there was a slight increase in Lgr5 levels 
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following the anti-inflammatory treatment with 5-ASA, but in the ascending colon Lgr5 

expression levels remained low. 

However, a substantial increase in Lgr5 expression was observed in the tumor within the 

ascending colon. The expression rate of Lgr5 was approximately three times higher than in 

any other group within the ascending colon of the C57Bl/6 strain. 

 

This upregulation of Lgr5 in the tumor was also to be observed in the descending colon of the 

C57Bl/6 mice.  
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18. Figure: Expression levels for Tcf4 in the ascending and descending colonic tissue of 18-month-old mice. The lines between 
the data points depict the mean expression levels while the values on the y-axis represent fold change expression vs. calibrator. 
Following a PCR, a two-way ANOVA (analysis of variance) was executed to evaluate the effects of multiple factors (strain and 
colonic segment) on the results. Significantly distinct differences between groups are indicated by the presence of asterisks 
(p<0.05) 

  
As depicted in Figure 18, in Balb/C mice, there was minimal variation in the gene expression 

levels of Tcf4, as the rates remained consistently similar across all groups. The only change in 
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Tcf4 expression was observed in the “+5-ASA” group that received mesalazine, as it was 

upregulated.  

The anti-inflammatory treatment did not induce a substantial downregulation of Tcf4; 

however, the levels remained significantly higher than in the tumor. In the descending colonic 

tissue of Balb/C mice, the introduction of anti-inflammatory treatment led to a slight increase 

in Tcf4 expression levels. In this colonic tissue, the control group exhibited the highest Tcf4 

expression levels, and the tumors, maintained the lowest expression rate for Tcf4 in the Balb/C 

strain. 

 

Interestingly, the C57Bl/6 strain showed a different trend for Tcf4 expression. In this strain, 

the tumor appeared to have the highest Tcf4 expression, surpassing that of the other groups. 

In the ascending colonic tissue of C57Bl/6 mice, the introduction of anti-inflammatory 

treatment with 5-ASA did not alter Tcf4 expression; the levels remained consistently low, 

similar to the control group. This pattern was similar to the one observed in the descending 

colonic tissue of C57Bl/6 mice. Once again, the tumor displayed significantly elevated 

expression levels of Tcf4 compared to the other groups, and the anti-inflammatory treatment 

appeared to have no discernible effect on the mice, as their expression levels remained 

unaltered. 
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Effect of the treatment on proliferation and immune infiltration 

 

19. Figure: IF staining of KI67, scale bar = 50µm 

The figure above (Figure 19) depicts an immunofluorescent staining of KI67 within colonic 

tissue. KI67 is a nuclear protein that is often used as a cellular proliferation marker. This 

enables the identification of the growth fraction in tissues and tumors. Figure 19 shows the 

crypts, small invaginations of intestinal tissue, the site of proliferation.58,59 
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In the mucosa, the percentage of KI67 positive cells increased after the 5-ASA treatment in 

both mouse strains. This effect was more pronounced in the C57Bl/6 mice. The control group, 

a healthy colonic tissue which did not receive any treatment, exhibited lower percentages of 

KI67 positive cells compared to the untreated mice. 

 

The 20. Figure also shows that in the muscularis, the percentage of KI67 positive cells 

consistently remained the lowest for both mouse strains, regardless treatment. Only the 

C57Bl/6 mice showed a slight increase in their number of KI67 positive cells, still with no 

significant difference to the other groups. 

 

20. Figure: Percentages of KI67 positive cells of the mouse strains Balb/C and C57Bl/6 in the mucosa, muscularis and lymph 
nodes under different treatment conditions, with and without the anti-inflammatory treatment using 5-ASA. The percentage 
of KI67 positive cells are indicated on the y-axis, while the x-axis displays the treated, untreated and the control groups. The 
strain Balb/C is indicated in blue, and the C57Bl/6 is represented in purple. 
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In the lymph nodes, the 5-ASA treatment resulted in an elevation in the percentage of KI67 

positive cells for Balb/C mice, but not for the C57Bl/6 mice. Although C57Bl/6 mice generally 

exhibited higher percentages of KI67 positive cells, this percentage did not increase following 

anti-inflammatory treatment. Interestingly, the control group of the Balb/C mice displayed the 

highest number of Ki67 positive cells in the lymph nodes, creating a significant difference 

between the treated and untreated group of the Balb/C mice. Similarly to the mucosa, the 

control group of the C57Bl/6 mice exhibited a lower percentage of positive KI67 cells 

compared to the other groups,  
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21. Figure: IF staining of CD20, scale bar = 50µm 

 
The CD20 protein is a widespread B-cell marker expressed by most B cells60. The outcome of 

the staining, as depicted in Figure 21, indicates the success of the procedure, as the CD20 

positive cells are predominantly located in the lymph nodes of the colonic tissue of the mice. 
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As seen in the figure above, in the mucosa, the administration of 5-ASA treatment appeared 

to only have a minimal impact on the percentage of positive CD20 cells. Following treatment, 

Balb/C mice showed a slight increase, whereas C57Bl/6 mice exhibited a decrease. Control 

groups in both strains displayed low percentages of positive CD20 cells. 

 

Lymph nodes exhibited the highest percentages of CD20 positive cells. While the anti-

inflammatory treatment with 5-ASA led to a slight increase in the percentage of CD20 positive 

cells among the Balb/C mice, it had the opposite effect for the C57Bl/6 mouse strain, as they 

exhibited a 30% decrease in their percentage. 

The control groups of the two mouse strains showed similar percentages for the CD20 positive 

cells. Notably, the control group of Balb/C mice had comparable CD20 positive cell levels, 

22. Figure: Percentages of CD20 positive cel cells of the mouse strains Balb/C and C57Bl/6 in the mucosa, muscularis and lymph 
nodes under different treatment conditions, with and without the anti-inflammatory treatment using 5-ASA. The percentage of 
CD20 positive cells are indicated on the y-axis, while the x-axis displays the treated, untreated and the control groups. The strain 
Balb/C is indicated in blue, and the strain C57Bl/6 is indicated in purple 
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while the control group of C57Bl/6 mice appeared to have more CD20 positive cells than the 

group treated with anti-inflammatory 5-ASA. 
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Discussion 

In this study, my objective was to investigate the response of old mice to anti-inflammatory 

therapy using 5-ASA, and its impact on the development of colon cancer. It is noteworthy that 

colorectal cancer (CRC) is primarily a disease affecting older individuals, however, most 

research studies utilize young mice as models. By conducting this study, I aimed to bridge the 

gap between the experimental model and the target population, focusing on understanding 

how 5-ASA treatment influences colon cancer development in the context of aging. 

I compared the expression levels of an inflammatory marker, an apoptotic marker, a marker 

of the Vitamin D system and of the Wnt pathway between the 18-month-old and 3-month-old 

mice. 

By comparing the differences in the expression levels of these markers in this discussion, my 

aim was to provide a better understanding of the potential age-related differences in the 

therapeutic response to 5-ASA and its implications for colon cancer management in distinct 

age groups. 

The inflammatory markers can indicate the presence or severity of inflammation in the body. 

Elevated levels of these markers can suggest the presence of inflammation. Changes in the 

levels of inflammatory markers can be used to evaluate the effectiveness of treatments for 

inflammatory conditions. If the treatment is working, there may be a decrease in the levels of 

these markers.61 

 

The apoptotic markers, like the Bcl-2 family protein that were used in this project, can indicate 

the presence of apoptosis, which is programmed cell death. Apoptosis is a tightly regulated 

process that plays a crucial role in maintaining tissue homeostasis, eliminating damaged or 

unnecessary cells, and regulating cell populations during development. Changes in apoptotic 

marker levels or expression can be used to evaluate the effectiveness of treatments that 

induce or inhibit apoptosis. 62 

 

Markers of the Vitamin D system are substances or molecules that are associated with the 

metabolism, activation, and function of Vitamin D in the body. Vitamin D plays a crucial role 
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in calcium homeostasis, bone health, immune function, and many other physiological 

processes. The Vitamin D system involves several components, including its synthesis, 

transport, activation, and receptor-mediated effects. Some studies suggest that Vitamin D 

may have anti-cancer effects,63,64 including in colorectal cancer. In the context of CAC, Vitamin 

D's anti-inflammatory and anti-proliferative effects may help in reducing the risk or 

progression of colorectal cancer associated with colitis.65 

 

Markers of the Wnt pathway are associated with the activity, regulation, or components of 

the Wnt signaling pathway, which is a highly conserved signaling pathway that plays crucial 

roles in various biological processes, including cell proliferation, differentiation, migration, 

and survival. Dysregulation of the Wnt pathway has been implicated in many diseases, 

including cancer. Dysregulated Wnt signaling can promote tumor growth, invasion, and 

metastasis.66 

 

The results showed a unique response to the treatment that differs depending on age, genetic 

strain of the mouse, and the specific segment of the colon under consideration. The treatment 

was most effective in the ascending colons of the young Balb/C mice while the older mice, 

regardless of their strain, exhibited minimal to no response to the treatment, irrespective of 

the strain. 
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23. Figure: Expression levels for Bax in the ascending and descending colonic tissue of 3-month-old (referred to as “young”) 
and 18-month-old (referred to as “old”) mice. The lines between the dots indicate the mean. Values depicted on the y-axis 
indicate fold change expression vs. calibrator. The values on the x-axis represent the treatments, with “-5ASA” standing for 
the AOM/DSS treatment and “+5ASA” referring to the anti-inflammatory treatment with mesalazine that was administered 
to the mice after the AOM/DSS treatment. The “control” group did not receive any treatment and serves as a comparison to 
a healthy colon. Following a PCR, a two-way ANOVA (analysis of variance) was executed. Significantly distinct differences 
between groups are indicated by the presence of asterisks (p<0.05) 

 

I compared the expression rates of PCR targets between 18-month-old and 3-month-old mice, 

using data from Nadja Kupper, a former PhD student in the Kallay lab, to illustrate the varying 

response to anti-inflammatory treatment with 5-ASA. Notably, the graphs for these age 

groups differ on the x-axis. The 3-month-old mice lack the control groups, as by the time of 

writing this thesis their data hasn´t been processed yet. 

 

Interestingly, while young Balb/C mice displayed considerable changes in expression of the 

pro-apoptotic factor BAX following mesalazine treatment, older Balb/C mice exhibited a more 

moderate response, with modest upregulation in the ascending colon and slight 
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downregulation in the descending colon. For the C57Bl/6 mice, the anti-inflammatory 

treatment didn't provoke a strong response in either the old or young mice. 

 

Comparing gene expression of Bax in different age groups of mice highlighted significant 

differences in their response to anti-inflammatory treatment. While the young mice exhibited 

varying reactions in different colonic tissues, the older mice, particularly in the Balb/C strain, 

showed less pronounced responses. This suggests a potential age-related variation in the 

efficacy of anti-inflammatory treatments, particularly noteworthy in different mouse strains. 

 

 
24. Figure: Figure: Expression levels for Cox2 in the ascending and descending colonic tissue of 3-month-old (referred to as 
“young”) and 18-month-old (referred to as “old”) mice. The lines between the dots indicate the mean. Values depicted on 
the y-axis indicate fold change expression vs. calibrator. The values on the x-axis represent the treatments, with “-5ASA” 
standing for the AOM/DSS treatment and “+5ASA” referring to the anti-inflammatory treatment with mesalazine that was 
administered to the mice after the AOM/DSS treatment. The “control” group did not receive any treatment and serves as a 
comparison to a healthy colon. Following a PCR, a two-way ANOVA (analysis of variance) was executed. Significantly distinct 
differences between groups are indicated by the presence of asterisks (p<0.05) 

The observed differences in Cox2 expression following 5-ASA treatment highlight distinct 

responses between young Balb/C and C57Bl/6 mice and a lack of response in older mice. 
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These findings show that younger mice respond differently to anti-inflammatory treatment 

compared to older ones, especially in the way Cox2 behaves. Also, there are differences in 

Cox2 levels between different mouse strains and in tumors, indicating that how Cox2 works 

and reacts to treatment in colorectal tissues might vary depending on the strain of mice and 

the presence of tumors. 

 

25. Figure: Expression levels for Lgr-5 in the ascending and descending colonic tissue of 3-month-old (referred to as “young”) 
and 18-month-old (referred to as “old”) mice. The lines between the dots indicate the mean. Values depicted on the y-axis 
indicate fold change expression vs. calibrator. The values on the x-axis represent the treatments, with “-5ASA” standing for 
the AOM/DSS treatment and “+5ASA” referring to the anti-inflammatory treatment with mesalazine that was administered 
to the mice after the AOM/DSS treatment. The “control” group did not receive any treatment and serves as a comparison to 
a healthy colon. Following a PCR, a two-way ANOVA (analysis of variance) was executed. Significantly distinct differences 
between groups are indicated by the presence of asterisks (p<0.05) 

 

These findings indicate that the impact of anti-inflammatory treatments and the reaction to 

disease induction differ notably among mouse strains and age groups. This variance affects 

Lgr5 expression in distinct parts of the colon in varying ways. 
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26. Figure: Expression levels for Vdr in the ascending and descending colonic tissue of 3-month-old (referred to as “young”) 
and 18-month-old (referred to as “old”) mice. The lines between the dots indicate the mean. Values depicted on the y-axis 
indicate fold change expression vs. calibrator. The values on the x-axis represent the treatments, with “-5ASA” standing for 
the AOM/DSS treatment and “+5ASA” referring to the anti-inflammatory treatment with mesalazine that was administered 
to the mice after the AOM/DSS treatment. The “control” group did not receive any treatment and serves as a comparison to 
a healthy colon. Following a PCR, a two-way ANOVA (analysis of variance) was executed. Significantly distinct differences 
between groups are indicated by the presence of asterisks (p<0.05) 

 

These varied responses suggest that in the lower colon of older mice, there's a considerable 

impact of both disease induction and anti-inflammatory treatment on Vdr expression, with 

distinct patterns between mouse strains. Additionally, the notably low Vdr levels in the tumor 

groups across both strains indicate a potential association between tumor presence and 

reduced Vdr expression in this colon segment of older mice. 
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To further assess how the effect of the treatment on proliferation and immune infiltration 

differs in young and aged mice I compared the percentages of KI67 positive cells between 3-

month-old and 18-month-old mice. While the data of the old mice is a product of my own 

work, the young mice were analyzed Sarah Guttman, a student in the Kallay lab.  

Table 8 depicts the differences in KI67 positive cells of the mouse strains Balb/C and C57Bl/6 

in the mucosa, muscularis and lymph nodes. 
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3. Table: Percentages of KI67 positive cells of the mouse strains Balb/C and C57Bl/6 in the mucosa, muscularis and lymph 
nodes of young and old mice. Table used with the approval of Sarah Guttman 

The percentage of KI67 positive cells are indicated on the y-axis, while the x-axis displays the 

treated, untreated and the control groups. The strain Balb/C is indicated in blue, and the 

C57Bl/6 is represented in purple. Notably, the graphs for these age groups differ on the x-
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axis. The 3-month-old mice lack the control and tumor groups, as by the time of writing this 

thesis their data hasn´t been processed yet.  

Young Balb/C mice show a notable rise in the portion of KI67 positive cells in the mucosa, 

muscularis, and lymph nodes following anti-inflammatory treatment when compared to 

older Balb/C mice. The older Balb/C mice had lower percentages of KI67 positive cells when 

treated with AOM/DSS, and this increased only slightly when given mesalazine. 

 

In essence, the younger mice had more cells actively dividing in various parts of their bodies 

after anti-inflammatory treatment compared to the older mice. The older mice had fewer 

dividing cells when initially treated with AOM/DSS, and even with 5-ASA, the increase was 

minimal. This suggests that age affects the response to treatments targeting cell division in 

these mice. 

 

In the older mice, the percentage of KI67 cells in the muscularis stayed consistently low and 

didn't show much variation regardless of the treatment used. However, among the young 

mice, there was a significant increase in the number of KI67 positive cells in the muscularis 

when they received anti-inflammatory treatment, but this effect was only seen in the Balb/C 

mice. Interestingly, the young C57Bl/6 mice didn't experience any change in the number of 

KI67 positive cells after being given mesalazine. 

 

This indicates that the response to treatments affecting cell division differed between the 

age groups and mouse strains in the muscularis. Older mice showed consistent low cell 

division rates, while among the young mice, the response varied based on the type of 

treatment and mouse strain. 

Among the older Balb/C mice, those that received AOM/DSS treatment had a notably lower 

percentage of KI67 positive cells in their lymph nodes compared to the control group, which 

had the highest number of these cells. Even after receiving 5-ASA treatment, there was hardly 

any increase in the number of KI67 cells. 
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On the other hand, in the young mice, mesalazine caused a significant increase in KI67 positive 

cells in the lymph nodes of Balb/C mice, but interestingly, the C57Bl/6 mice didn't seem to be 

affected by this treatment. 

Essentially, the response to treatments in terms of cell division in the lymph nodes differed 

between older and younger mice, as well as between different strains of mice. Older mice 

showed reduced cell division rates, while the effects varied among the younger mice 

depending on the treatment and mouse strain. 
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4. Table: Percentages of CD20 positive cells of the mouse strains Balb/C and C57Bl/6 in the mucosa, muscularis and lymph 
nodes of young and old mice. Table used with the permission of Sahra Guttman. 

 

Furthermore, the analysis of the KI67 IF stainings provided a comparison between the Balb/C 

and C57Bl/6 mouse strains in their strain-specific responses. 
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In the mucosal tissue, the 5-ASA treatment is associated with a noticeable increase in the 

percentage of KI67 positive cells, which indicates an enhanced cell proliferation. This effect is 

particularly prominent in the C57Bl/6 mice, suggesting that this strain exhibits a stronger 

response to the treatment. Even the control group, which didn't receive any treatment, 

displayed slightly higher percentages of positive KI67 cells compared to the untreated mice. 

This could imply the presence of some intrinsic factors that influence cell proliferation in this 

context. 

The findings regarding the muscularis reveal a consistent trend, as the percentage of KI67 

positive cells remained consistently low in both mouse strains, irrespective of treatment 

status. This suggests that the muscularis may be less sensitive to the factors influencing cell 

proliferation, at least under the conditions of this study. 

As for the lymph nodes, the effect of 5-ASA treatment is more nuanced. While there is a slight 

increase in the percentage of KI67 positive cells observed for Balb/C mice, the treatment 

appears to have little noticeable impact on the percentage of KI67 positive cells in the C57Bl/6 

mice. This response shows potential variations in the effect of 5-ASA on cell proliferation in 

different tissue compartments. 

Regarding the CD20 positive cells, in the mucosa, the impact of 5-ASA treatment on CD20-

positive cells was minimal. Considering that CD20 is a B cell marker, the results are suggesting 

that this treatment might not significantly alter the B cell population within this tissue 

compartment. The slight increase in CD20-positive cells for Balb/C mice after treatment 

implies a potential response to the treatment, while the decrease in C57Bl/6 mice suggests a 

contrasting trend, possibly influenced by genetic factors or some specific immune responses. 

Notably, a high percentage of CD20 positive cells was observed in the lymph nodes, suggesting 

a substantial presence of B cells in this tissue compartment. Following the anti-inflammatory 

treatment with 5-ASA, there was a slight increase in the percentage of CD20 positive cells for 

Balb/C mice, which points to a potential enhancement of B cell presence in the lymph nodes 

as a response to the treatment. 

My work was not the first that researched the effect of AOM/DSS induced CAC in mice. A 

recent study of the Kallay group67 also set out to examine CAC induction on mice in order to 
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gain a better understanding of the reaction to anti-inflammatory treatment. The Kallay group 

used 14-month-old Balb/C an C57Bl/6 mice which underwent CAC induction using the 

AOM/DSS model. The groups goals were to test if it’s possible to induce CAC in older mice 

(older than 14 months, which roughly corresponds to 70-75 human years) to better resemble 

the human disease, and to test if it was possible to support tumor progression with low-level 

inflammation (1%DSS). Upon evaluating the results, the group stated that the 2.5% DSS was 

the best for comparing CAC in mice, (since he 3%DSS was too severe in Balb/C mice). 

 

It has been shown before that mouse strains react differently to AOM/DSS treatment. Suzuki 

et al. 68 already evaluated the development of colon tumors in four different strains of mice: 

Balb/C, C3H/HeN, C57BL/6N and DBA/2N. Among the Balb/C mice, all showed colon 

adenocarcinoma, while 50% of the C57BL/6N mice had this condition. No tumors were 

detected in the other two strains of mice. 

The experiment suggests that the combination of AOM and DSS caused colon 

adenocarcinoma in certain mouse strains, highlighting strain-specific susceptibilities, or 

responses to these compounds. 

 

The differences in the reaction to CAC induction and in the reaction to the anti-inflammatory 

treatment between strains is great.  

Because they are inbred, homozygous, and genetically stable, the Balb/C and C57Bl/6 mouse 

strains exhibit some disparities in their colonic structure and genetic composition that might 

impact how they respond to treatments involving mesalazine or AOM/DSS. Prior research has 

demonstrated behavioral shifts in mice, even within a genetically stable context, but whether 

these changes also reflect alterations in their genetic makeup and consequently affect their 

response to treatment remains uncertain. 69 

After analyzing the outcomes, I observed that the reaction to the treatment is mostly affected 

by their genetic strain. In both age groups the Balb/C strain showed the most sensitivity and 

response to the 5-ASA treatment, displaying significant alterations in the expression of target 

genes after receiving treatment. Conversely, the mice from the C57Bl/6 strain demonstrated 

considerably lower sensitivity, with their gene expression levels mostly unaffected by the 
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treatment. This implies that the anti-inflammatory therapy using 5-ASA had minimal to no 

impact on the C57Bl/6 strain. 

These findings showcase the importance of considering the genetic background of the mice 

when evaluating the effectiveness of 5-ASA as an anti-inflammatory therapy, as the response 

can vary significantly between different mouse strains. 

The findings from the study clearly indicate that the response to mesalazine (5-ASA) treatment 

is dependent on both age and mouse strain. Specifically, the expression levels of the target 

genes showed significant changes in the young Balb/C mice, suggesting a robust response to 

the anti-inflammatory treatment with 5-ASA. This strain exhibited the highest level of reaction 

to the treatment of the two mouse strains tested. These observations highlight the 

importance of considering both age and genetic background in evaluating the efficacy of 5-

ASA as an anti-inflammatory therapy. They also underscore the potential of targeting specific 

subpopulations for optimized treatment outcomes. 

Additionally, to the strain-differences, significant differences were observed in the response 

to the treatment between the ascending and descending colons. The ascending colon 

exhibited higher sensitivity to 5-ASA treatment compared to the descending colon. In the 

ascending part of the colon, the changes in expression levels of the target genes were more 

pronounced, indicating a stronger response to the treatment, while the differences in the 

descending colon were relatively less pronounced. These variations in sensitivity and 

response between the ascending and descending colons suggest that the effects of 5-ASA 

treatment may be influenced by the specific colonic segment, further adding complexity to 

the treatment response.  

These results are consistent with findings from other studies, as the position of the tumor 

within the colon is increasingly seen as an important factor in assessing the progression of 

the disease, its prognosis, and treatment options.70  Earlier research has shown that the 

main location of colon cancer can influence its development and molecular features. 71 The 

ascending and descending part of the colon has a different microbiota composition72  and 

the higher presence of harmful bacteria on the left side of the colon is likely a key factor 

behind the increased occurrence of colon cancers affecting the descending colon. 
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While there is a common background in tumorigenesis in the ascending and descending 

colonic segments, like dysregulation of WNT/β-catenin pathway genes which affect the 

proliferative potential of CRC73, the control of tumorigenesis has been shown to be side 

specific. 74 

 

Interestingly, the 5-ASA treatment didn't really affect the older mice, irrespective of their 

genetic strain or the part of their colon studied. Both the older Balb/C and C57Bl/6 mice 

showed very little change in their gene expression levels after receiving the 5-ASA treatment. 

This suggests that as mice age, this anti-inflammatory treatment might not work as effectively. 

Even with the treatment, the older mice didn't show big shifts in their gene expression, 

indicating that it might not have strong anti-inflammatory effects for them.  

Given the significant difference in the reaction to anti-inflammatory treatment with 5-ASA 

between old and young mice, it is indeed more meaningful to consider conducting future 

experiments on older mice. The observed age-related variation in treatment response raises 

important questions about the underlying factors contributing to this disparity. 

One possible explanation for the differing reactions could be the thinning of the mucus layer 

with age. As the mucus layer thins over time, it might make the older mice less susceptible to 

the anti-inflammatory effects of 5-ASA. In contrast, young mice with a healthier mucus layer 

may be less prone to developing colitis and subsequent colorectal cancer, making them more 

responsive to treatment. 

This finding highlights the importance of investigating age-related changes in the colonic 

microenvironment, such as the mucosa, to gain a better understanding on the intricate 

interactions between aging, inflammation, and therapeutic responses. Such insights can guide 

the development of targeted and effective treatment strategies for age-related colonic 

disorders and hold implications for potential preventive measures. 

However, there are certain questions that remain to be answered. Firstly, while the AOM/DSS 

model is widely used because of its high reproducibility, inexpensiveness, and user-

friendliness, it is not standardized. The doses and duration of AOM and DSS exposure vary a 
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lot in different studies, which makes it tough to analyze and compare the experimental 

results.   

Another limitation of this model deserves attention: there are significant differences in how 

colorectal cancer spreads invasively and metastasizes between animal models and the actual 

human disease. When diagnosed, approximately 50% of colorectal cancer patients exhibit 

lymphatic metastases and 33% show hematogenous metastases However, the occurrence of 

metastases is notably rare in AOM models of colorectal cancer. 75 

In human colorectal cancer, the disease typically advances in stages, often spreading through 

the bloodstream to the liver before reaching the lungs. However, liver metastases, which are 

common in human cases, are infrequent in rodent models of colorectal cancer induced by 

AOM. A recent study by Tanimura et al. showed that compared to AOM/DSS mice at 10 and 

20 weeks, there was a notable increase in tumor infiltration into the submucosa and invasion 

into vessels at 30 weeks. This suggests that a longer duration of the experiment is necessary 

to better replicate the progression seen in human colorectal cancer. 76 

This study highlights the need to tailor treatment plans based on the mouse strain and 

research objectives in future studies using the AOM/DSS model77. While animal models of 

chemically induced colorectal cancers have offered valuable insights into human disease, 

many research avenues remain unexplored. Further investigations are essential to develop 

animal models that accurately replicate the process of metastasis. 

Furthermore, it would be interesting to do the beforementioned tests on male mice. As CRC 

mainly affects the male population, it would be interesting to see if there are any sex-based 

differences to AOM/DSS treatment or to mesalazine between sexes. 
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