EXPERIMENTAL AND THERAPEUTIC MEDICINE 26: 492, 2023

Meta-analysis of the autophagy-associated protein
LC3 as a prognostic marker in colorectal cancer
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Abstract. Microtubule-associated protein 1 light chain 3 (LC3)
is an autophagy-associated gene, which is involved in the progres-
sion of a number of human malignancies. Such as Breast Cancer,
Liver Cancer, and Lung Cancer. However, the role of LC3 in
colorectal cancer (CC) remains to be fully elucidated. Therefore,
the prognostic role of LC3 expression in CC was evaluated in the
present study, with an emphasis on the clinicopathology and prog-
nosis. Expression of LC3 in CC was examined using PubMed,
Cochrane Library, Excerpta Medica Database, China Knowledge
Infrastructure and Wanfang Data. Newcastle-Ottawa scale was
used to screen the literature quality, and RevMan 5.4 and STATA
14.0 were used for the meta-analysis. A total of 1,689 patients
from 10 studies were included in the present meta-analysis. The
findings of the present study suggested that increased LC3 expres-
sion levels were associated with histological grade [odds ratio
(OR)=0.91, 95% confidence interval (CI) (0.47, 1.77), P<0.001]
and TNM stage [OR=0.91, 95% CI (0.47, 1.77), P<0.001], but
were not associated with sex [OR=1.14, 95% CI (0.90, 1.51)], age
[OR=0.89, 95% CI (0.67, 1.20)], tumor size [OR=0.78, 95% CI
(0.30, 2.34)], histological grade [OR=0.82, 95% CI (0.43, 1.95)]
and lymph node metastasis [OR=2.05,95% CI (1.19, 3.60)] in CC.
In addition, the increased expression of LC3 was revealed to be
a prognostic factor for the overall survival of patients with CC.
In conclusion, the autophagy-associated protein LC3 may be a
prognostic indicator of human CC.

Introduction
Colorectal cancer (CC) is the third most common malignant

tumor globally and accounts for ~9.7% of all malignant
tumors, with higher incidences in Europe, Australia and North
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America (1). Surgical resection combined with chemotherapy
or radiotherapy remains the primary treatment for CC (2).
However, due to the genetic differences between individuals,
drug resistance remains an issue (3). For example, resistance
to doxorubicin can occur due to decreased drug uptake or
increased drug efflux through drug transporters present
on the cell membrane. Moreover, cancer cells can develop
mechanisms to detoxify and eliminate doxorubicin from the
cellular environment. Previous studies have demonstrated that
tumorigenesis is caused by gene mutations in cells Such as
TP53, which results in an unrestricted cellular proliferation
and resistance to apoptosis (4-6). Autophagy is an apop-
tosis-like biological phenomenon. In the initial stage of cancer,
autophagy promotes the survival of normal cells and inhibits
carcinogenesis by removing damaged organelles and DNA. In
the advanced stage of cancer, autophagy provides sufficient
nutrients for proliferation and metabolism of tumor cells and
induces the survival of cancer cells, promote the metastasis of
cancer cells to distant locations and increase their drug resis-
tance (7). In addition, autophagy is a research target for cancer
therapy by affecting cancer cells, stromal cells, and immune
cells in the complex cancer microenvironment (8).
Autophagy, also known as type II programmed cell death,
is a highly-conserved process of cellular destruction that
transfers intracellular substances (including proteins, lipids
and organelles) to lysosomes for degradation. The degraded
intracellular materials are then released from the lysosomes
and recycled in the cytosol (9). Autophagy is crucial in various
types of cancer, including breast, lung, brain and CC (10). The
effect of autophagy on cancer development may depend on the
cancer type and the stage of cancer progression. In early stage
cancer, autophagy is often thought to have a tumor suppressor
effect. However, at a later stage, when the tumor microenviron-
ment becomes more hostile, autophagy can turn to promote
tumor growth and progression. The biological function of
autophagy in cancer is complex and is likely dependent on
type of tumor, stage and genetic context (11). The function of
autophagy changes at different stages of cancer. In its early
stages, autophagy may help suppress tumor growth by removing
damaged cell components and inhibiting genomic instability.
However, in later stages, autophagy can promote the survival
of cancer cells under stressful conditions, such as nutrient
deprivation or lack of oxygen, allowing them to adapt and
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grow. The process of autophagy can be both tumor-promoting
and tumor-suppressing. Autophagy can suppress pathological
processes, such as tumor metastasis, by acting as an intracel-
lular quality control system. By removing damaged organelles,
protecting against oxidative stress, inhibiting inflammation,
and regulating cell death, autophagy acts as a defense mecha-
nism that prevents or limits tumor metastasis. By contrast,
autophagy may help tumors better adapt to adverse environ-
ments (12). For example, tumor cells can activate autophagy as
a protective mechanism against various anti-cancer treatments,
including chemotherapy and radiation therapy. Autophagy
enables tumor cells to survive and recover from the induced
stress, thereby promoting resistance to therapy. However,
tumors can outgrow their blood supply, leading to areas of low
oxygen levels (hypoxia). Hypoxia-induced autophagy enables
tumor cells to adapt to this stressful condition by promoting
cell survival and supporting angiogenesis, the formation of
new blood vessels.

Autophagy is a complex metabolic process, which is
regulated by autophagy-specific genes. Cleavage of light chain
3 (LC3)-I to LC3-II marks the beginning of autophagy (13).
Subsequently, LC3-II binds to p62 (an adaptor protein)
and promotes the autophagic degradation of ubiquitinated
protein aggregates (14). LC3 and p62 are biomarkers that are
commonly used for monitoring the levels of autophagy (15).
LC3 is an indispensable component of autophagosomes (16).
It contains the LC3A/B/C gene variants, with LC3B being
most closely associated with autophagy (17). Previously, LC3
has been reported to serve a role in number of malignan-
cies including the brain, colorectal and melanoma (8,18,19).
However, previous studies have demonstrated opposing effects
of the LC3 expression level on the overall survival (OS) of
patients with different types of cancer (20,21). A previous
study demonstrated a positive association between LC3 and
hepatocellular carcinoma (HCC), and reported that LC3 was
closely associated to the onset and progression of HCC (22).
By contrast, another study demonstrated that LC3 is a protec-
tive factor in patients with CC (23). However, the relationship
between the LC3 expression level and the clinicopathological
traits of CC has not been reported. Therefore, the present
meta-analysis investigated the relationship between the LC3
expression level and CC, and evaluated the prognostic effect
of the LC3 expression level on CC.

Materials and methods

Literature examination strategy. PubMed, Cochrane Library,
Excerpta Medica Database, China National Knowledge
Infrastructure and Wanfang Data were used to examine
the literature. The cut-off date for publication selection was
February 2022. ‘LC3’ or ‘microtubule-associated protein 1
light chain 3’ and ‘colorectal neoplasm’ or ‘colorectal tumor’
or ‘colorectal cancer’ or ‘colorectal carcinoma’ were used as
search terms.

Selection criteria. Inclusion criteria included: i) Cohort or
case-control design; ii) patients were diagnosed according
to pathological criteria; iii) literature provided sufficient
clinicopathological and survival information to estimate the
association between LC3 and CC; and iv) the full text report

was issued in English or Chinese. Exclusion criteria included:
i) Animal or cell experiments, case reports, reviews, letters,
conference summaries or articles without full text; and
ii) republished articles with analogous datasets or subjects.

Data extraction. The data extracted from the articles that were
included in the present meta-analysis included the following
information: Author, year of publication, country, sample size,
patient characteristics (sex, age, tumor size, lymph node metas-
tasis, histological grade and TNM stage), detection method and
hazard ratio (HR) with 95% confidence interval (CI) for OS.

Quality evaluation. The Newcastle-Ottawa scale (NOS) was
applied to evaluate the quality of the articles (24). A score
of =6 denotes a high-quality study (Table I), scores of the 10
studies included in the present meta-analysis were all =6.

Statistical analysis. Data were assessed using RevMan
(version 5.4;Cochrane) and STATA (version 14.0; StataCorp
LP). The HR and 95% ClIs were extracted for survival
analysis. Odds ratio (OR) and 95% CIs were used as outcome
indices for dichotomous variables. Mean differences and 95%
Cis were used as outcome indicators for continuous numerical
variables. Since all studies included in the present meta-anal-
ysis are from completely different groups, the random-effect
model was used to analyze data. Cochrane Q test is used to
assess whether the observed differences between study results
are merely due to chance. A significant P-value (<0.05) indi-
cates heterogeneity. In the event of significant heterogeneity,
a subgroup analysis was conducted to investigate the source.
Publication bias was evaluated using the Begg's test and
funnel plots. P<0.05 was considered to indicate a statistically
significant difference.

Results

Characteristics of included studies. Through the literature
search, a total of 1,376 relevant studies were obtained. After
excluding repeated literature, 976 studies remained. After
eligibility evaluation, 10 studies were considered to meet the
inclusion criteria of the present meta-analysis (Fig. 1). The
characteristics of the included studies are presented in Table I.
The 10 included studies were published between 2012 and
2021, of which eight were written in English (2,8,25-30) and
2 in Chinese (31,32). A total of 1,689 patients with CC were
included in the present meta-analysis. In all studies, immuno-
histochemical staining was used to study expression of LC3.
NOS was used to assess the quality of the included studies, and
all 10 studies were of high quality (Table II).

Meta-analysis of clinicopathological features. The asso-
ciation between LC3 and various clinicopathological traits of
CC was evaluated. It was revealed that LC3 expression was
associated to histological grade [OR=0.82, 95% CI (0.43,
1.95), P<0.001] and TNM stage [OR=0.91,95% CI (0.47, 1.77),
P<0.001]. However, no association was observed between LC3
expression and sex [OR=1.14, 95% CI (0.90, 1.51); P=0.678],
age [OR=0.89, 95% CI (0.67, 1.20), P=0.663], tumor size
[OR=0.78, 95% CI (0.30, 2.34), P=0.090], or lymph node
metastasis [OR=2.05, 95% CI (1.19, 3.60), 0.250] (Table III).
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Figure 1. Flow diagram of the literature selection procedure. EMBASE, Excerpta Medica Database; CNKI, China National Knowledge Infrastructure.

Subgroup evaluation. There was heterogeneity in four of the six
features studied, including tumor size (1°=59%, P=0.09), lymph
node metastasis (I>=25%, P=0.25), histological grade (I’=87%,
P<0.001) and TNM stage (I°=78%, P<0.001; Table III). To
investigate the prospective sources of heterogeneity, a subgroup
analysis was performed. Because only three studies included
tumor size, there was insufficient information for further
subgroup analysis. Therefore, according to the sample size and
NOS score, only the subgroup analysis of lymph node metastasis,
histological grade and TNM stage was performed (Table I'V).
Upon classifying the data based on sample size, there
was an association between LC3 expression and lymph

node metastasis [OR=1.63, 95% CI (1.04-2.56)] as well as
TNM stage [OR=0.91, 95% CI (0.47-1.76)] in the subgroup
with a small sample size (n<200), while no significant asso-
ciation was found in the larger sample size subgroup (n>200).
Heterogeneity was revealed in the n>200 subgroups for lymph
node metastasis, histological grade and TNM stage, with I?
values of 85.6, 88.7, and 77.5%, respectively.

Based on the NOS score, heterogeneity was revealed in
both subgroups of lymph node metastasis (NOS>7, 1°=55.4%;
NOS<7, I’=65.2%), the low NOS score subgroup of histo-
logical grade (NOS<7, I’=80.0%) and the low NOS score
subgroup of TNM stage (NOS<7, ’=87.4%). No heterogeneity
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was revealed in the high NOS score subgroups of histological
grade (NOS>7, I’=47.5%) and TNM stage (NOS>7, I*)=0.0%).

Association between LC3 expression and OS in CC. A total
of 852 patients from five articles were included to estimate
OS value of LC3 expression in CC. No significant heteroge-
neity (I’=45% and P=0.12) was revealed (Fig. 2). The results
revealed that the overexpression of LC3 was a favorable factor
for OS in patients with CC [HR=0.56, 95% CI (0.39, 0.79)].

Publication bias. Begg's test was used to assess the potential
publication bias. No publication bias was revealed in sex
(P=0.308), age (P=1.000), lymph node metastasis (P=0.060),
histological grade (P=0.734) or TNM stage (P=1.000; Fig. 3).
In addition, heterogeneity of lymph node metastasis reduced
from I*=53.8% to 1°=31.5% after the study by Wu et al (8) was
removed.

Discussion

CC remains a medical, social and economic burden in devel-
oped countries. Global burden of colorectal cancer in 2020 and
2040: incidence and mortality estimates from GLOBOCAN
shows: CC accounting for ~8% of cancer-associated mortali-
ties worldwide (33,34). More than 1.9 million new cases of
colorectal cancer and 930,000 deaths are estimated in 2020.
CC is a complex malignant tumor involving a variety of
cellular signaling pathways, including autophagy cascades.
Beclin 1 and LC3 are the most widely studied autophagy-asso-
ciated proteins in CC (35,36). A previous study revealed that
LC3-I and LC3-II were scarce in normal tissues but were
strongly positive in ~70% of adenocarcinomas and meta-
static tumors (37). Consistent with the results of a previous
study (26), the present study revealed that the expression of
autophagy-associated proteins maybe a novel prognostic
indicator for patients with CC.

The present meta-analysis evaluated the association
between the LC3 expression level and the clinicopathological
traits and OS in patients with CC. In total, 10 studies with
1,689 patients were included. The findings of the present
study indicated that LC3 overexpression was positively
associated to lymph node metastasis in CC. Similar to the
results of Li et al (23), the present study also suggested that
LC3 was a protective marker for patients with CC. In total,
nine studies were included by Li et al (23), and only six of
the studies were associated with LC3 expression. Due to the
lack of investigation on the clinicopathological characteris-
tics associated to the expression of LC3 in patients with CC,
the study by Li er al (23) was limited, as the main assess-
ment was the association between LC3 and OS. Therefore,
the present meta-analysis investigated the relationship
between the expression of LC3 and the diagnosis of CC more
comprehensively based on the clinicopathological features of
patients with CC (such as tumor size, lymph node metastasis,
histological grade and TNM stage).

Furthermore, autophagy may also promote tumor growth
under stress conditions, such as hypoxia and starvation (38).
Autophagy may have opposing roles in different types of
cancer. Previous studies have demonstrated that LC3 expres-
sion is associated with developing HCCs (22,39). In the present
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Table III. Microtubule associated protein 1 light chain 3 clinicopathological descriptions in patients with colorectal cancer.

Heterogeneity
Clinicopathological Number Number
characteristic of studies of patients Pooled OR(95% CI) (%) P-value Model used
Sex 6 1,208 1.14 (0.90, 1.51) 0.0 0.678 Random
Age 6 1,208 0.89 (0.67, 1.20) 0.0 0.663 Random
Tumor size 3 426 0.78 (0.30,2.34) 59.0 0.090 Random
Lymph node metastasis 6 994 2.05(1.19,3.60) 250 0.250 Random
Histological grade 8 1,606 0.82 (0.43,1.95) 87.0 <0.001 Random
TNM stage 6 1,407 091 (047,1.77) 78.0 <0.001 Random
OR, odds ratio; CI, confidence interval.
Table IV. Lymph node metastasis, histological grading and TNM staging subgroup analyses.
A, Lymph node metastasis
Heterogeneity
Number Number of
Subgroup of studies patients Pooled OR (95% CI) I? (%) P-value Model used
Sample, n
>200 2 491 1.63 (1.04,2.56) 85.6 0.008 Random
<200 4 503 2.04 (1.33,3.26) 19.2 0.287 Random
NOS score
>7 3 561 2.11 (099, 4.52) 554 0.106 Random
<7 3 433 2.22(0.78, 6.30) 65.2 0.057 Random
B, Histological grade
Heterogeneity
Number Number of
Subgroup of studies patients Pooled OR (95% CI) 2 (%) P-value Model used
Sample, n
>200 3 1,017 0.48 (0.15,1.54) 88.7 <0.001 Random
<200 5 589 1.37 (0.85,2.41) 48.6 0.100 Random
NOS score
>7 5 716 1.30 (0.84,2.09) 47.5 0.107 Random
<7 3 890 0.39 (0.13, 1.20) 80.0 0.007 Random
C, TNM stage
Heterogeneity
Number Number of
Subgroup of studies patients Pooled OR (95% CI) 2 (%) P-value Model used
Sample, n
>200 3 1,017 1.43 (0.68, 2.99) 77.5 0.012 Random
<200 3 390 0.91(0.47,1.76) 0.0 0.583 Random
NOS score
>7 3 563 0.75(042,1.34) 0.0 0.732 Random
<7 3 844 1.02 (0.36,2.85) 874 <0.001 Random

OR, odds ratio; CI, confidence interval; NOS, Newcastle-Ottawa scale.
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study, it was revealed that LC3 may increase the OS of patients
with CC.

The present study has reached seemingly contradictory
conclusions. It was demonstrated that overexpression of LC3
was associated with lymph node metastasis, which is usually
regarded as an unfavorable factor (40). However, in the present
study, the high expression levels of LC3 were associated to a
favorable OS outcome. Thus, further studies on the role and
mechanism of LC3 in CC prognosis need to be conducted.
Additionally, the present meta-analysis has several limita-
tions. Firstly, the number of articles and patients included in
the present study is small, and further research is required in
future. Secondly, the majority of the included studies were
conducted in China, which may lead to a potential heteroge-
neity. Finally, The number of patients included in the studies
might have been relatively small, limiting the statistical power
and generalizability of the findings, and lymph node metastasis
was the only feature associated with LC3 expression in CC.

In summary, the present analysis revealed that LC3 expres-
sion was only associated with lymph node metastasis in CC.
At the same time, LC3 expression seemed to be a protective
indicator for patients with CC. These seemingly contradictory
findings need to be verified using a larger sample size with the
inclusion of additional high-quality studies.
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