UNIVERSITY OF MEDICINE AND PHARMACY CRAIOVA
DOCTORAL SCHOOL

PHD THESIS
SUMMARY

Autophagy in colorectal cancer

PHD SUPERVISOR:
PROF. UNIV. DR. FRANCISC MIXICH

PHD STUDENT:
USCATU CONSTANTIN DANIEL

CRAIOVA
2016

CONTENT
KNOWLEDGE
Chapter I: Epidemiology of Colorectal Cancer
Chapter II: Autophagy
Chapter III: The role of autophagy in cancer
Chapter IV: The main autophagy genes involved in colorectal cancer
Chapter V: Autophagic medication in colorectal cancer

PERSONAL CONTRIBUTIONS
Chapter VI: The objectives
Chapter VII: Material and Methods
Chapter VIII: LC3 expression in colorectal cancer
Chapter IX: Gene expression LC3, BCL2 and BECN1 in colorectal cancer
Chapter X: The relationship between autophagy and neovascularization in colorectal
cancer
Chapter X: FINAL CONCLUSIONS

Bibliography

KEYWORDS
- Colorectal Cancer
- Autophagy
- LC3
- BECN1
- BCL 2
- CD 34
- CD 31
- CD 105

KNOWLEDGE
Chapter I: Epidemiology of Colorectal Cancer
Colorectal cancer (CRC) is the third most common cancer type worldwide
among men and second among women, accounting for about 10% of the overall
incidence of cancers (1-3). In terms of mortality, colorectal cancer is the fourth
globally (2).
In Romania colorectal cancer mortality doubled in the past two decades, CRC
is currently the second cause of death after lung cancer (4). Currently, the Ministry of
Health estimated the incidence of CRC at 10.1 new cases per 100,000 men and 7.3
cases per 100,000 women (5).

Chapter II: Autophagy
Autophagy (from the Greek "auto" = own and "phagein" = to eat (6)) is a basal
catabolic mechanism characterized by cellular auto digestion, removal of cellular
components (such as organelles and proteins) weathered or degraded and toxic
waste resulted from cellular metabolism, achieved by the action of lysosomes (7.8).
Autophagy (or auto phagocytosis) is a physiological process that occurs in normal
cells at a basic level, ensuring homeostasis and cell survival under special
conditions, by degradation and recycling of cellular compounds (8). Hypoxia,
oxidative stress and nutrient deprivation are among the special conditions that trigger
autophagy, which ensures cell survival (9).

Chapter III: The role of autophagy in cancer
The current accepted hypothesis presents autophagy as having a dual,
contradictory role in carcinogenesis. First, autophagy is a supervisory mechanism in
normal cells, protecting them from malignant transformation by removing damaged
proteins and organelles, and by reducing DNA damage, reactive oxygen species and
mitochondrial abnormalities. However, autophagy can support the formation of
malignant cells by providing nutrients, necessary for the growth of malignant cells, in
hypoxic conditions and by inhibiting cell death and increasing resistance to therapy
(10,11).

Malignant cells` response to autophagy during metastasis is different
depending of tumor stage. Autophagy can help reduce metastasis in the early stages
of malignant cells` dissemination by promoting inflammatory immune response
against the tumor. In addition, autophagy limits tumor necrosis and the expansion of
dormant malignant cells (which lead to the formation of micrometastases) and at the
same time affecting the senescence caused by oncogenes (12). Autophagy seems to
support the formation of metastases in advanced stages of cancer, by increasing
survival of malignant cells detached from the primary tumor (which is possible due to
lack of extracellular matrix) and supporting the dissemination of malignant cells to
distant sites from the primary tumor, due to transition of tumoral cells (which lack
connection with the extracellular matrix factors) into a dormant stage until appropriate
conditions for cell growth and division (12:13).

Chapter IV: The main autophagy genes involved in colorectal
cancer
 LC3/LC3-II:
-

overexpression in advanced stages (14);

-

overexpression is associated with aggressiveness (15);

-

perinuclear overexpression is associated with a positive prognosis (16);

-

elevated levels in the DLD-1 and SW480 (CRC cell lines) treated with
inhibitors of autophagy (17);

-

elevated levels in CRC cell lines treated with 5-fluorouracil (18);

-

elevated levels in CRC cell lines treated with 5-fluorouracil and
radiotratate (19);

-

low levels are associated with a good prognosis and response to
treatment (20,21);

-

lack of expression is associated with a poor prognosis and a low
survival (22).

 BECN1/Beclin1:
-

overexpression is inversely proportional to metastasis (23);

-

overexpression is associated with a good prognosis (24);

-

overexpression is associated with increased survival in patients treated
with 5-fluorouracil (25);

-

low levels are associated with an increased survival in advanced stages
at patients treated with cetuximab (20,21);

-

low levels are associated with a poor outcome and low survival (22);

-

low levels are associated with lymph-vascular invasion (26).

 BCL2/Bcl2:
-

increased levels are associated with metastasis and invasion (27);

-

increased levels ar associated with resistance to paclitaxel (28).

Chapter V: Autophagic medication in colorectal cancer
Autophagy

inhibitors

may

have

antineoplastic

effects,

for

example:

suppressing the protective effect of autophagy by treatment with 3-methyl adenine it
has been reported to increase the therapeutic efficacy of cisplatin and 5-FU in
digestive cancers, including colon cancer (29).
Autophagy modulators may become a target for increasing the effectiveness
of anticancer therapies, either alone or in combination with other chemotherapeutic
agents (30).

PERSONAL CONTRIBUTIONS
Chapter VI: The objectives
The main goal is the finding of a potential new therapeutic targets by studying
the key gene involved in autophagy (LC3 BECN1 and BCL2), aiming at the same
time, the possible association with other targets already used in colorectal cancer
therapy. Objectives:
- assessing the role of autophagy: promoter or tumor suppressor by studying
the expression level of LC3 at primary tumor;
- evaluating BCL-2 and BECN1 gene expression to observe their influence on
regulation of autophagy in primary tumor compared to normal tissue and their role in
tumor development;
- assessing blood supply in the tumor compared to normal colorectal mucosa.

Chapter VII: Material and Methods
The material was collected from patients diagnosed and operated for
colorectal cancer, two samples being collected: one from the malignant tumor and
other from normal tissue.
Three different methods (Immunohistochemistry, Western Blot and Real Time
PCR)

were used to evaluate the gene and protein expression of the targets of

interest, in order to achieve objectives.

Chapter VIII: LC3 expression in colorectal cancer
LC3 protein expression on paraffin sections obtained from normal tissue and
tumor revealed an highly significant LC3 level overexpression of tumor tissue (p
<0.001 for Student t test) as opposed to the normal (which was considered as a
reference level for LC3 expression), with an average LC3 value higher in the tumor
compared to the average of healthy tissue. Also, the Pearson correlation test showed
that the levels of LC3 in normal tissue and in tumor are in a direct correlation (p
<0.001), as the level of LC3 is higher in normal epithelium, the more it will be higher
in the malignant epithelium. This leads to the conclusion that the level of expression
of LC3 protein is genetically regulated in normal cells, ranging from individual to
individual, and is up-regulated in malignant cells.
The quantitative evaluation of LC3 protein by Western blot revealed a high
level of expression of isoform LC3-II (considered to be a marker for autophagy) in the
tumor tissue compared to normal, Student's t test adjusted by the Wilcoxon factor
was significantly (p < 0.05); LC3-II expression averages were 0.107 g/µl in normal
tissue and 0.504 g/µl in the tumor. Autophagy is up-regulated in malignant tissue,
participating actively in the carcinogenic, unlike healthy tissue, were autophagy is
regulated at a basal level, ensuring an optimal functioning.
Evaluation of MAP1LC3 gene expression found no statistically significant
difference between the mean values of LC3 gene expression in normal tissue (0,484)
and the mean values for tumor tissue (0.770), with a p coefficient of Student t test of
0,283.

Chapter IX: Gene expression LC3, BCL2 and BECN1 in
colorectal cancer
The comparation of LC3 and BECN1 gene expression levels resulted in an
average of 1,164 (standard deviation 1.461) for LC3 and 0.9286 (standard deviation
0.6774) for BECN1, this difference being statistically significant (Student t test - p =
0.5304), which supports the assumption that autophagy is up-regulated in malignant
colorectal tissue, BECN1 is overexpressed in tumor compared to normal tissue,
unlike BCL2 which is overexpressed in normal tissue. When comparing BCL2 and
BECN1 expression levels, we obtained an average of 1,047 (standard deviation
0.9857) for BECN1 and 0.8638 (standard deviation 1.753) for BCL2, Student t test
was highly significant (p <0.0001), which shows an promoter effect of the autophagic
process on malignant tissue compared to normal epithelium, an effect that appears to
play an important role in carcinogenesis support.

Chapter

X:

The

relationship

between

autophagy

and

neovascularization in colorectal cancer
Immunohistochemical staining of sections from the tumor showed a mean of
CD34 and CD31 labeled vessels higher in the tumor base compared to the surface of
the tumor, and a higher average of the vessels marked with CD105 in the tumor
surface compared to the base area of the tumor. The difference between the
averages of the results was highly significant (ANOVA: p <0.0001).
Neoproliferation vessels marked with CD105 were compared with quantitative
assessment of LC3 in the same areas, observingtheir correlation. Spearman
correlation test (p = 0.9588) did not reveal any relation between the process of
neovascularization and autophagic process, the number of neo-vessels being
increased in cases with a high, and cases with a low percentage of LC3, no trend
(upward or downward) of the correlation existing.
The above observation brings an important argument on the possibility of
combining anti-autophagic therapy with antiangiogenic therapy, the two types of
therapies targeting different mechanisms involved in carcinogenesis, which do not
seem to influence each other.

Chapter X: FINAL CONCLUSIONS
1. The results obtained in this study show an augmentation of the autophagic
process in malignant colorectal tissue compared to normal one.
2. BECN1, promoter gene of autophagic process, is overexpressed in tumor
tissue compared with BCL2, inhibiting gene of autophagy process, the results
indicate that autophagy promotes progression of carcinogenesis.
3. Tumor neovascularization, measured using the CD105 marker, does not
correlate with autophagic process, the two systems not influencing each other.
4. Our results support the fact that the autophagic process may be a new
therapeutic target for colorectal cancer therapy, anti-autophagy therapy alone
or in combination with anti-angiogenic therapy represents a future treatment
option for colorectal cancer.
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