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Summary

Colorectal cancer is one of the leading causes of death in modern times and the most common form of cancer, whose
number of patients is growing exponentially. Current treatment methods include surgery, chemotherapy, radiotherapy,
and immunotherapy. However, although satisfactory, they have a large number of limiting factors. Inevitably, we consider
the additive value of the new methods, such as fecal transplantation. Fecal transplantation is based on suppressing cancer
metastasis by establishing a balanced and diverse intestinal microbiome in the affected person. In addition, it induces cancer
cell apoptosis with its metabolites. It also stimulates the production of other molecules with the same function, making it a
promising approach to treating colorectal cancer.
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INTRODUCTION CURRENT TREATMENT METHODS

IN TREATING COLORECTAL CANCER
With 1,93 million new cases per year and

916,000 deaths, colorectal cancer (CRC) is the sec- The standard therapies for colorectal cancer
ond most common cause of death due to cancer. It (CRC) include surgical removal, chemotherapy,
affects 1 in 23 males and 1 in 25 females, which radiotherapy, and immunotherapy. Depending
makes it the third most frequently occurring can- on whether the tumor is resectable or non-resect-
cer globally(1,2). Numerous treatment strategies able and the cancer stage, they can be used sepa-
to fight CRC are currently in use. However, there rately or in combination. Although surgical re-
are still no available medical treatments that com- moval is considered the best approach for remov-
pletely eradicate this disease, which highlights the ing malignant solid tumors at an early stage and
need for new therapeutic approaches. With the when the cancer is well-defined, chemotherapy
emergence of sequencing methods and the discov- and radiotherapy are the ones mainly used for
ery of the gastrointestinal tract microbiome, nu- advanced-stage tumors. Both methods are based
merous studies have confirmed the role of the in- on destroying cancer cells by damaging their ge-
testinal microbiome in overall human health. It netic material that controls how cells grow and
has been shown that a balanced and diverse intes- divide(3,4). On the other hand, immunotherapy
tinal microbiome, through its metabolites, affects uses medicines‘(i'mmune checkpoint inhﬂgitors) to
the prevention and control of many diseases, in- improve the ability of a person’sperson’s immune

cluding colorectal cancer. As a result, fecal trans-

plantation has bee'n expilored as a promising treal.t— Corresponding author: Ira Renko, University of Zagreb, Fac-
ment method, which will be further elaborated in ulty of Food Technology and Biotechnology, Pierottijeva 6,

this article. 10000 Zagreb, Croatia. e-mail: ira.renko@gmail.com
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system to recognize and destroy cancer cells. Also,
due to immunomodulating features, there should
be an optimal time window to combine immune
checkpoint inhibitors with other defined drugs to
achieve maximum efficiency while controlling
toxicities(4). Even though these therapies may
prolong the patient’spatient’s life, they can be
non-specific and cytotoxic to normal cells and
cause inevitable damage to normal tissues and or-
gans, especially the immune system, often making
the patient even more vulnerable to infections and
new malignancies(4). Also, half of the patients
have the problem of acquiring multidrug resis-
tance. Cancer cells resist the effects of chemothera-
peutic drugs in various ways, including drug in-
activation, drug influx, efflux modifications, and
ATP-binding cassette membrane transporter over-
expression(5). Chemotherapy increases the rela-
tive abundance ratio of the Firmicutes/Bacteroide-
tes, inducing greater disturbance of intestinal mi-
crobiota(6), also called dysbiosis.

NEW METHODS IN TREATING
COLORECTAL CANCER

To overcome the disadvantages of standard
CRC treatment methods, new approaches have
been developed, which can be divided into the fol-
lowing categories(7):

a) RNA-based therapy

- small interfering RNA (siRNA)
- microRNA (miRNA)
- RNA aptamer

b) oncolytic viral therapies

¢) nanomaterials

d) microbiome-based therapies

e) cytokine-based medication

The regulatory functions of RNA are well
known in nearly all physiological and pathologi-
cal processes in the body, including carcinogene-
sis, which makes RN A-based therapy a promising
approach. Besides that, many studies have shown
that miRNAs are dysregulated and that ncRNAs
are overexpressed in CRC patients, demonstrating
they have good diagnostic value for CRC screen-
ing. Furthermore, miRNA/siRNA combinatorial
therapy with various chemotherapeutic and im-
munotherapeutic agents increases the sensitivity
of these drugs to cancers(7). New methods based
on nanomaterials designed as carriers in drug de-
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livery systems have also shown great promise in
anticancer treatment(8). Oncolytic viral therapy or
immuno-oncolytic virotherapy employs native or
sometimes genetically modified viruses called on-
colytic viruses to infect cancerous cells while
avoiding healthy ones predominantly. It has
emerged as a promising treatment option for CRC,
with its ability to induce systemic antitumor im-
munity and selective replication within neoplastic
cells that have a direct lytic effect on the tumor
cells. Various cells, primarily immune cells, se-
crete cytokines that increase reactive natural killer
(NK) cells and T lymphocytes, encourage lympho-
cyte infiltration of tumors, and persist in the tu-
mor microenvironment. Unfortunately, more re-
search is needed due to the complex network of
cytokines in immune responses and unexpected
toxicity(9).

FAECAL TRANSPLANTATION

One of the newly investigated approaches in
treating colorectal cancer is improving the balance
of the gut microbiome via fecal transplantation. It
is based on transferring the intestinal microbiome
from a healthy person to a sick person, most often
by an enema.

An imbalance in the gut microbiota promotes
the progress of colorectal carcinogenesis via mul-
tiple mechanisms, including inflammation, activa-
tion of carcinogens, and tumorigenic pathways, as
well as damaging host DNA(10). After all, 70- 80%
of the human immune cells are located in the gut,
so0 it’s expected that the disturbance of the intesti-
nal microbiome will affect a person’s overall
health, especially in the gastrointestinal sys-
tem(11). Research on mice in which dysbiosis of
the intestinal microbiome and colorectal cancer
was induced showed that fecal transplantation
from healthy mice reduced cancer progression
and prolonged survival rates. Also, there was a
massive infiltration of immune cells in the mice
that received fecal transplantation, including CD8
+T and CD49b + NK. The number of immunosup-
pressive cells Foxp3 + Treg cells was also reduced
compared to the number before fecal transplanta-
tion(12). Research has shown that a different gut
microbiota profile was observed in patients with
CRC compared to healthy people. The abundance
of some bacterial taxa increased, such as Porphy-
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romonas, Enterococcus, Streptococcus, and Pepto—
streptococcus. Conversely, some bacteria, such as
Roseburia and other butyrate-producing bacteria
in the family Lachnospiraceae, decreased quanti-
ty(12). Besides the change in the gut microbiome
due to fecal transplantation, intestinal inflamma-
tion was also suppressed. Namely, the increased
number of beneficial antiinflammatory bacteria
such as Lactobacillus stimulates the recruitment
of immune cells and down-regulates IL1a, IL6,
IL12a, IL12b, IL17a, and elevates IL10(10). Addi-
tionally, the expressions of cytokines that were
able to directly kill cancer cells, such as TNFa,
IFNg, and CXCR4, were positively correlated with
Odoribacter, Lachnospiraceae UCG-006, and De-
sulfovibrio, found in gut microbiome after fecal
transplantation. Furthermore, short-chain fatty
acids produced by Lachnospiraceae help maintain
intestinal barrier integrity and directly induce
apoptosis of cancer cells. By acting on the FFAR2
receptor or directly on T-lymphocytes, they regu-
late their differentiation, recruitment, activation,
and cytokine secretion(12,13).

CONCLUSION

Based on the latest discoveries and research,
it can be concluded that standard approaches for
treating colorectal cancer are not sufficient. The
personalized approach mainly covers precision
medicine via targeted drugs. However, vast areas
of complementary systems and methods should
be equally explored and integrated. Amongst
them, a plan based on establishing diverse and
balanced gut microbiomes has shown to have an
essential role in regulating and suppressing carci-
nogenesis. Not only do specific bacterial species
increase the number of immune cells, including
NK cells, but they also stimulate cytokine produc-
tion, which can directly eliminate cancer cells.
Futher research is needed to find the right use.

REFERENCES

1. Nakayama G, Tanaka C, Kodera Y. Current options for
the diagnosis, staging and therapeutic management
of colorectal cancer. Gastrointest Tumors. 2013;1(1):
25-32. doi: 10.1159/000354995.

121

10.

11.

12.

13.

Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer sta-
tistics, 2021. CA Cancer ] Clin 2021;71:7-33. doi: 10.
3322/caac.21654.

Joye I, Haustermans K. Early and late toxicity of radio-
therapy for rectal cancer. In: Otto F, Lutz MP, editors.
Early gastrointestinal cancers II: rectal cancer. Cham,
Switzerland: Springer, 2014. doi: 10.1007/978-3-319-
08060-4_13.

Brar B, Ranjan K, Palria A, Kumar R, Ghosh M, Sihag
S, et al. Nanotechnology in colorectal cancer for preci-
sion diagnosis and therapy. Front. Nanotechnol. 2021;
3:699266. doi: 10.3389/fnano.2021.699266.

Mansoori B, Mohammadi A, Davudian S, Shirjang S,
Baradaran B. The different mechanisms of cancer drug
resistance: a brief review. Adv Pharm Bull. 2017 Sep;
7(3):339-348. doi: 10.15171/apb.2017.04.

Oh B, Boyle F, Pavlakis N, Clarke S, Guminski A, Eade
T, et al. Emerging evidence of the gut microbiome in
chemotherapy: a clinical review. Front Oncol. 2021
Sep 16;11:706331. doi: 10.3389/fonc.2021.706331.

Liu J, Guo B. RNA-based therapeutics for colorectal
cancer: Updates and future directions. Pharmacol Res.
2020 Feb;152:104550. doi: 10.1016/j.phrs.2019.104550.
Krasteva N, Georgieva M. Promising therapeutic
strategies for colorectal cancer treatment based on
nanomaterials. Pharmaceutics. 2022 Jun 7;14(6):1213.
doi: 10.3390/pharmaceutics14061213.

Kumar A, Gautam V, Sandhu A, Rawat K, Sharma A,
Saha L. Current and emerging therapeutic approaches
for colorectal cancer: a comprehensive review. World
J Gastrointest Surg 2023; 15(4): 495-519. doi: 10.4240/
wjgs.v15.i4.495.

Kazmierczak-Siedlecka K, Daca A, Fic M, van de
Wetering T, Folwarski M, Makarewicz W. Therapeutic
methods of gut microbiota modification in colorectal
cancer management - fecal microbiota transplanta-
tion, prebiotics, probiotics, and synbiotics. Gut Mi-
crobes. 2020 Nov 1;11(6):1518-1530. doi: 10.1080/194
90976.2020.176430.

Wiertsema SP, van Bergenhenegouwen ], Garssen J,
Knippels LM]J. The interplay between the gut microbi-
ome and the immune system in the context of infec-
tious diseases throughout life and the role of nutrition
in optimizing treatment strategies. Nutrients. 2021
Mar 9;13(3):886. doi: 10.3390/nu13030886.

Mukherji R, Weinberg BA. The gut microbiome and po-
tential implications for early-onset colorectal cancer.
Colorectal Cancer 2020 9:3. doi: 10.2217/crc-2020-0007.
Hao Y, Xing-Xiu L, Xing H, Bin-Xin C, Xing-Hua Z,
Shan G, et al. Fecal microbiota transplantation inhibits
colorectal cancer progression: Reversing intestinal
microbial dysbiosis to enhance anti-cancer immune
responses. Frontiers in Microbiology 2023,14. doi:
10.3389/fmicb.2023.1126808


https://doi.org/10.1159/000354995
https://doi.org/10.1007/978-3-319-08060-4_13
https://doi.org/10.1007/978-3-319-08060-4_13
https://www.futuremedicine.com/doi/abs/10.2217/crc-2020-0007
https://www.futuremedicine.com/doi/abs/10.2217/crc-2020-0007
https://doi.org/10.2217/crc-2020-0007

Lib Oncol. 2023;51(2-3):119-122

Sazetak

FEKALNA TRANSPLATACIJA KAO NOVI POTENCIJALNI PRISTUP
U LIJECENJU KOLOREKTALNOG KARCINOMA

I. Renko, A. Karacié

Kolorektalni karcinom jedan je od glavnih uzro¢nika smrti modernog doba i najcesci oblik karcinoma ¢iji broj oboljelih
eksponencijalno raste. Aktualne metode lijecenja se temelje na operativnom zahvatu, kemoterapiji, radioterapiji i imunote-
rapiji. Medutim, iako zadovoljavajuce, ove metode imaju veliki broj ogranicavajucih faktora. Kako bi se oni nadvladali,
pocele su se razvijati nove metode od kojih se istice fekalna transplantacija. Fekalna transplantacija se temelji na supresiji
metastaziranja raka uspostavljanjem uravnoteZenog i raznolikog crijevnog mikrobioma kod oboljele osobe. Pored toga,
uravnoteZeniji mikrobiom svojim metabolitima inducira apoptozu stanica raka i potice proizvodnju drugih molekula s
istom funkcijom. To ju ¢ini obecavaju¢im pristupom u lije¢enju kolorektalnog karcinoma.

KLJUCNE RUECTL: crijeoni mikrobiom, disbioza crijeva, fekalna transplatacija, kolorektalni karcinom
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