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Abstract 
Background: Autophagocytosis is a biological process involving the con-
trolled distribution of cell fragments and organelles in order to obtain an ad-
ditional source of energy. LAMP3 (lysosome-associated membrane protein 3) 
is a heavily glycosylated integral membrane protein located mainly in the ly-
sosomal membrane. Recent studies have shown that it participates in tumor 
metastasis and drug resistance. Its main role is contribution to tumor cells 
proliferation, migration and invasion. The aim of this study was to determine 
changes in transcriptional activity of LAMP3 at various stages of colorectal 
cancer. In addition, an attempt was made to select miRNAs potentially regu-
lating LAMP3 expression using bioinformatic databases. Methods: The study 
was conducted on healthy colon samples and colon cancer samples in four 
stages. Molecular analysis included the extraction of total RNA, purification of 
the obtained extracts, expression profile analysis using oligonucleotide micro-
array technique and in silico determination of miRNAs potentially regulating 
the LAMP3 expression. Results: The level of LAMP3 expression is higher in 
colorectal adenocarcinoma cells than in non-cancerous cells and depends on 
the stage of the disease. Conclusions: LAMP3 may promote cancer progres-
sion, metastasis and cause the resistance to treatment. 
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1. Introduction 

LAMP3 (lysosome-associated membrane protein 3) was discovered relatively 
recently by two independent researchers. De Saint-Vis initially called it 
DC-LAMP, which is a marker of mature dendritic cells, inducing their migration 
to the lymph vessels. In contrast, Ozaki described it as TSC403 with the specific 
expression in the lungs and overexpression in breast cancer cells. Significant si-
milarity to the other LAMP family proteins-LAMP1 and LAMP2, was observed 
[1]. 

LAMP proteins are highly glycosylated type 1 lysosomaltransmembrane gly-
coproteins [1] [2]. They are located mainly in the lysosomal membrane [3] and 
are rarely found on the surface of normal cells, most commonly occurring in 
cancer cells [1] [4]. All LAMP proteins are expressed on colorectal cancer cells 
[4]. Recent studies suggest that LAMP3 induces differentiation of dendritic cells, 
which is increased in tumors of various origins. It is noted that there is a strong 
correlation between LAMP3 expression and tumor metastases. High level of 
LAMP3 mRNA significantly correlates with poor prognosis in patients with 
stage I and II tumors [4] [5] [6]. Furthermore, LAMP3 takes part in the invasion 
and migration of cancer cells as well as the induction of autophagocytosis [7]. It 
also inhibits the activity of the tumor protein p53 (TP53) gene, involved in tu-
mor metastasis and resistance to treatment. It is suggested that LAMP3 may be 
an important molecular marker of prognosis in cancer [5]. 

It has long been known that hypoxia impedes the treatment of cancer. It may 
affect the effectiveness of radiotherapy, chemotherapy and lead to treatment re-
sistance. In addition, it has been shown that less oxygenated tumors have a 
worse prognosis and higher incidence of metastasis compared with more oxy-
genated tumors [1] [7]. LAMP3 is involved in unfolded protein response (UPR) 
signaling pathway induced by hypoxia or stress factors [6]. One branch of the 
UPR pathway involving protein kinase RNA-like endoplasmic reticulum ki-
nase/activating transcription factor 4 (PERK/ATF4) allows cells to survive by 
regulating angiogenesis, apoptosis and autophagy. In addition, autophagy is be-
lieved to be a mechanism by which cancer cells overcome stressful conditions [8] 
[9] [10]. 

The PERK kinase phosphorylates the subunits of eukaryotic initiation factor 
2α (eIF2α) in response to cellular stress, which in turn leads to translation inhi-
bition. This regulation of translation is responsible for reducing the number of 
unfolded proteins in the ER. The phosphorylation of eIF2α then activates the ac-
tivating transcription factor 4 (ATF4), which is translocated to the nucleus, 
where it increases the expression of chaperone proteins (CHOP), activating 
transcription of the growth arrest and DNA damage-inducible protein (GADD34) 
and multiple proapoptotic factors as well as genes involved in amino acids me-
tabolism, antioxidant reactions, angiogenesis and autophagocytosis [11] [12] 
[13]. 

According to the literature, among several types of autophagy LAMP3 pro-
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teins are involved in macroautophagy. However, their exact role in this process 
has not yet been known. It is a highly conservative process of lysosomal degra-
dation of proteins and organelles. Autophagy is activated in response to cellular 
stress or nutrient deficiency [11]. Macroautophagy begins with the formation of 
a phagophore, it is a nucleation step where the cytoplasmic fragment along with 
the organelles is surrounded by a C-shaped double-membrane. Then both ends 
of the phagophore expand and autophagosome is formed. It undergoes a process 
of maturation, which causes its fusion with the lysosome to form autophagoly-
sosome, where its contents are digested by proteolytic enzymes [14] [15]. 

2. Material and Methods 
2.1. Patients  

The study was performed in a group of 18 patients with colorectal cancer (ade-
nocarcinoma) in various clinical stages of cancer according to the 9th Union for 
International Cancer Control/American Joint Committee on Cancer (UICC/AJCC) 
staging system. Patients were hospitalized in the Department of General Surgery 
at the St. Barbara Provincial Specialist Hospital in Sosnowiec. Tissue samples of 
colorectal adenocarcinoma and samples taken from the surgical margin of ap-
proximately 5 cm were collected and analyzed. The margin was assessed histo-
pathologically and macroscopically as normal tissue. Based on histopathological 
analysis 18 samples were evaluated as adenocarcinoma in different clinical stages 
(CSI-3, CSII-5, CSIII-6 and CSIV-4 samples). The present study was approved 
by the Bioethical Committee of the Medical University of Silesia  
(KNW/0022/KB1/42/14). 

2.2. Total RNA Extraction 

The first step was homogenization of obtained samples using a Polytron homo-
genizer (Kinematica, AG, Switzerland). Then, total RNA was isolated using 
TRIzol® reagent (Invitrogen, Life Technologies, CA, USA) according to the at-
tached instruction. The isolated RNA was purified using the RNeasy Mini Kit 
(Qiagen GmbH, Hilden, Germany) in combination with DNase I digestion. For 
the quantitative assessment, RNA concentration was determined using a Gene-
Quant II spectrophotometer, based on absorbance at 260 nm. For qualitative 
evaluation, 1% agarose gel electrophoresis stained with ethidium bromide was 
performed. 

2.3. Microarray Analysis 

The transcriptional activity of LAMP3 was determined using HG-U133A micro-
arrays (Affymetrix, Inc., Santa Clara, CA, USA). To synthesize double-stranded 
cDNA 8 ug of RNA was used as a template (Super Script Choice System, Invi-
trogen, Life Technologies, CA, USA). The synthesis of biotinylatedc RNA was 
carried out using the Bioarray High Yield RNA Transcript Labeling Kit (Enzo 
Life Sciences, NY, USA). In order to perform fragmentation of the cRNA Sample 
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Cleanup Module Kit (Qiagen GmbH, Germany) was used. Washing, staining 
with a complex of streptavidin-phycoerythrin and scanning the microarray in 
the Gene Array scanner (Agilent Technologies, CA, USA) were performed as 
recommended by Affymetrix Gene Expression Analysis Technical Manual. 

2.4. In Silico Identification of miRNAs 

Based on bioinformatic databases (www.microrna.org), potential miRNAs that 
can regulate gene expression associated with autophagy have been found. Mi-
Randa-mirSVR algorithm, which is a combination of miRanda and mirSVR 
procedures, was used to search for the corresponding miRNA molecules. By this 
algorithm, it is possible to search for the target mRNA for the miRNA (miRan-
da) and to determine the correlation between them (mirSVR). 

2.5. Statistical Analysis 

Results analysis was carried out with the use of GeneSpring GX 12.6.1 software 
(Agilent Technologies, Inc.) and PL-Grid Infrastructure (http://www.plgrid.pl/en). 
In statistical analysis, the level of statistical significance p(α) < 0.05 was applied. 
For each of the analyzed parameters, the most important elements of descriptive 
statistics were determined: mean, median, minimum and maximum values, 
standard deviation and the upper (75%) and lower quartiles (25%). Differentia-
tion of gene expression was determined by one-way analysis of variance 
ANOVA (p < 0.05). Then post hocTukey’s HSD test was performed.  

3. Results 

The statistical analysis started with creating a box-and-whisker plot using the 
PL-Grid Infrastructure (http://www.plgrid.pl/en), which uses descriptive statis-
tics to show the distribution of LAMP3 mRNAfluorescence signals (Figure 1, 
Figure 2). The control (C) and samples of colorectal cancer cells in four stages 
(CSI, CSII, CSIII, CSIV) are presented on the x-axis. The values shown by 
box-and-whisker plot demonstrate the differences in transcriptome groups, at 
the level on the median, quartiles: lower-25% and upper-75%, and the mean 
value with standard deviation. Based on this graph, it can be concluded that the 
numerical values of fluorescence signals of selected mRNAs vary depending on 
the stage of cancer. 

The size and statistical significance of mRNA groups differentiation were 
evaluated using PL-Grid program adapted to analyze Affymetrix expression mi-
croarrays. Table 1 shows the results for LAMP3 gene, the directions of the ob-
served changes in gene expression are highlighted. In the case of colorectal can-
cer samples, LAMP3 overexpression was observed as compared to the control at 
the p value indicating a significant strength of differentiation. For LAMP3-205569_at 
p-value is <1.06 × 10−4. 

The results of changes in the transcriptional activity of LAMP3 indicate that 
regardless of the cancer progression, overexpression of this gene is observed as  
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Figure 1. Descriptive statistics of the LAMP3 mRNA fluorescence signals distribution 
(median, lower and upper quartiles). CSI, CSII, CSIII, CSIV-study groups, C-control 
group. 
 

 
Figure 2. Descriptive statistics of the LAMP3 mRNA fluorescence signals distribution 
(the mean value with standard deviation). CSI, CSII, CSIII, CSIV-study groups, C-control 
group. 
 
Table 1. Analysis results indicating the statistical significance of LAMP3 ID mRNA. 

mRNA  FC 

ID Symbol p < 0.05 CSI vs. C CSII vs. C CSIII vs. C CSIV vs. C 

205569_at LAMP3 1.06 × 10−4 2.1518712 ↑ 1.9357514 ↑ 2.0983453 ↑ 1.5580318 ↑ 

↑ indicates overexpression of a gene. ID, identification number of the used probe; FC, fold-change; CSI, 
CSII, CSIII, CSIV, study groups; C, control group. 
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compared to control. Analysis of the expression profile shows that LAMP3 has 
the highest activity in the first stage of colorectal cancer. Based on the obtained 
results, it appears that the gene expression profile in CSI, CSII, CSIII stages of 
colorectal cancer does not undergo a relatively large variation in transcriptional 
activity. Large differences in the expression of LAMP3 gene between the differ-
ent stages of cancer samples can be observed between CSIII and CSIV, although 
overexpression of the analyzed transcript is still visible in comparison with the 
control. 

The last step in the experiment was in silico determination of miRNAs poten-
tially regulating the LAMP3 expression. Taking into account the mirSVR score 
parameter, the cutoff of ≤−0.70 was applied (Figure 3 and Table 2). 
 

 
Figure 3. miRNAs potentially regulating LAMP3 expression (http://mirtar.mbc.nctu.edu.tw). 
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Table 2. List of miRNAs involved in regulation of LAMP3 expression (microrna.org). 

mRNA 
miRNA potentially regulating  

expression (miRSVR score ≤ −0.70) 
miRSVR  

score 

The number of all  
miRNAs regulating 
mRNA expression 

LAMP3 

hsa-miR-138 −0.7113 

42 

hsa-miR-302d −0.8425 

hsa-miR-340* −0.7428 

hsa-miR-373 −0.8336 

hsa-miR-378* −0.8318 

hsa-miR-520a-3p −0.8300 

hsa-miR-976-3p −0.9873 

hsa-miR-3201 −1.0868 

 
Based on the microrna.org database, it was found that 42 miRNAs may influ-

ence regulation of LAMP3 expression, however 8 of them are characterized by 
mirSVR score ≤ −0.70. 

4. Discussion 

This study has attempted to explain changes in the transcriptional activity of 
LAMP3 gene involved in autophagy at various stages of the colorectal cancer. 
Moreover, the possibility to use this gene as an additional, complementary di-
agnostic marker and to determine response to treatment has been identified.  

Cancer tissue samples at different stages (CSI, CSII, CSIII, CSIV) and healthy 
tissue samples taken from the surgical margin were examined and compared 
with each other. A long time of colorectal cancer formation, often the absence of 
characteristic precursor lesions, is the cause of a small number of samples taken 
from patients in stage I and II. In the early stages of the disease, there are usually 
no specific symptoms, which makes it difficult to collect clinical material. This 
study is a pilot study carried out in a small number of patients, however, we are 
planning to validate microarray experiment at the mRNA and protein levels. In 
addition, we plan to expand the study group at the moment clinical material is 
collected. 

So far, there are very few reports on the actual role of the LAMP3 protein in 
the cancer progression and metastasis, but recent literature data indicate that 
autophagy plays a key role in these two processes. First of all, in the late stages of 
tumor growth, autophagy supplies the nutrients necessary for tumor cells to sur-
vive. Proteins and organelles degraded in the lysosome, provide substrates for 
subsequent synthesis. Mainly in the inner, poorly vascularized parts of the tu-
mor, autophagy is a mechanism of cell survival. It also facilitates the survival of 
tumor cells after their detachment, as the autophagy in cells increases [16]. 

The results obtained in this experiment demonstrate the differentiation of 
LAMP3 expression depending on the severity of cancer lesions of the analyzed 
samples. They also indicate that the LAMP3 transcriptional activity differs sig-
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nificantly (p < 0.05) between healthy colorectal samples (control) and cancer 
tissue samples at CSI, CSII, CSIII, CSIV stages (study groups). Analysis of the 
LAMP3 transcriptional activity shows its overexpression at each stage compared 
to the control, but the highest difference occurs between CSI vs. C and decreases 
slowly. In the first three stages of colorectal adenocarcinoma, the expression of 
the analyzed gene is at a similar level. Further development of cancer resulting in 
the classification of samples as CSIV reduces the LAMP3 copy number in com-
parison to previous stages. The results obtained in this experiment indicate that 
as the tumor progresses, the LAMP3 transcription activity decreases, however, 
it’s still overexpressed when compared to control.  

LAMP3 gene expression profile, in which the highest expression in the early 
stages of cancer decreases with its progression, may confirm the participation of 
protein encoded by this gene in the invasion and migration of cancer cells [7], 
which would be the most severe in the early stages of malignancy. Taking into 
account the data obtained in the experiment on the role of LAMP3 protein in 
promoting cancer metastasis [4] [5] [6], it is reasonable to conclude that the ob-
servations made by Kanaoet al., Liao et al., Dominguez-Bautista et al. regarding 
adverse prognosis in patients with stage I and II cancer are justified. In addition, 
according to the literature, patients with a higher level of LAMP3 expression had 
a worse prognosis, indicating that LAMP3 may be involved in the progression of 
colorectal cancer. Ozaki et al. carried out a study where LAMP3 showed higher 
expression in this cancer [17]. 

Autophagy plays a key role in the pathogenesis of cancer. Currently accepted 
hypothesis states that autophagy has a double, contradictory role in the cancer 
development. On the one hand, it can act as a tumor suppressor, contributing to 
the death of cancer cells. In the early stages of the disease, autophagy has a pro-
tective effect by removing damaged proteins which prevents malignant trans-
formation of the cells. On the other hand, it can promote oncogenesis, prevent-
ing cancer cell death and causing the resistance to treatment. It also induces tu-
mor development, providing it with access to the nutrients, which is necessary 
for the metabolism and growth of cancer cells. Autophagy also affects cancer 
metastasis, which depends on the phase. It promotes the formation of metastases 
in advanced stages of the disease by increasing the survival of metastatic cells in 
the absence of extracellular matrix and by allowing the spread of cancer cells to 
distant organs [18] [19] [20] [21]. It follows that autophagy can inhibit forma-
tion of tumors or enhance it and protect cancer cells from death [22].  

Autophagy is involved primarily in the regeneration of cell organelles, main-
tenance of energy level and protein synthesis. It is induced under conditions of 
cellular stress such as hypoxia or insufficient nutrients, therefore its contribution 
is evident in numerous diseases, including cancer [23]. In addition, many studies 
indicate that autophagy is a mechanism leading to cell survival under adverse 
conditions [24]. During the tumor progression, cancer cells are in a state of hy-
poxia (oxygen deficiency) due to the absence of vascularization. This condition 
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contributes to the formation of cancer cells with high metastatic potential and 
resistance to therapy [11] [14]. Resistance develops when the partial pressure of 
oxygen in the tumor is less than 25 - 30 mmHg [25]. In case of programmed cell 
death, autophagy prevents the formation of tumors. If autophagy is impaired, 
tumor growth by abnormal cell growth may occur [21]. Despite all the studies 
conducted so far, the role of autophagy in carcinogenesis is not fully understood 
and may be dependent on many factors, including the stage of cancer [15]. 
Therefore, it is reasonable to attempt to analyze the expression of genes involved 
in autophagy in different types of cancer and varying degrees of progression. 

In our study, analysis of LAMP3 transcriptional activity in colon tissue sam-
ples shows that the highest expression of this gene occurs in CSI colorectal can-
cer and decreases slowly, while the most visible difference in expression is ob-
served between CSIII and CSIV. Some data indicate that in case of highly ad-
vanced cancers autophagy has the opposite effect on tumor growth. The purpose 
of this process could be to provide the nutrients during cancer progression. Re-
cent studies have also shown that autophagy promotes the survival of p53-deficient 
cancer cells during nutrient deficiency or hypoxia. This finding indicates that 
inhibition of autophagy may be an effective treatment for advanced stage cancer 
[21]. 

Autophagocytosis can be induced, among other things, by UPR-dependent 
signaling pathway activated by hypoxia or nutrient deficiency [6] [9]. The pre-
cise mechanism of action of this pathway is not yet known, and the genes in-
volved in this process have not yet been identified [11]. So far, it is only known 
that the phosphorylated transcriptional factor eIF-2α activates ATF4, which re-
sults in translation inhibition and thus decrease in the amount of protein in the 
endoplasmic reticulum. So far, it is only known that the phosphorylated tran-
scription factor EIF-2α activates ATF4, which results in translation inhibition 
and thus decrease in the amount of protein in the endoplasmic reticulum [9] 
[26]. The role of ATF4 is, among other things, transcriptional regulation of 
genes responsible for amino acid metabolism and maintenance of cell homeosta-
sis. It shows that the UPR regulates the amount of proteins at several levels, af-
fecting the processes of transcription, translation and protein degradation. Any 
disturbances of the UPR pathway are part of the pathomechanism of many dis-
eases, including cancer. It is important to know the mechanisms by which the 
UPR pathway contributes to the pathogenesis of these diseases. The develop-
ment of new therapeutic methods requires an in-depth knowledge of the UPR 
mechanism and the involvement of LAMP3 in autophagy [13]. The exact mean-
ing of the UPR signaling pathway in metastasis induced by hypoxia has not yet 
been investigated. It has been hypothesized that LAMP3 protein may be in-
volved in this process because during the oxygen deficiency in tumors 
PERK/ATF4 pathway is activated [9]. Hypoxia in tumors is associated with in-
sufficient oxygen supply in the tumor microenvironment. It is often connected 
with poor differentiation of highly advanced cancer [25]. In addition, LAMP3 is 
overexpressed in many types of cancers [7] [9]. 
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As demonstrated by previous studies, autophagy has a crucial role in tumor 
development and metastasis, mainly to lymph nodes. It is believed that LAMP3 
protein is involved in cancer cell resistance to therapy (chemotherapy and radi-
otherapy) and the mechanism of resistance involves the induction of the UPR 
pathway and autophagy [6]. Increased expression of ATF4 is associated with de-
creased sensitivity to certain types of therapy [22]. Further reports that LAMP3 
participates in the dysfunction of the ubiquitin-proteasome system are also asso-
ciated with drug resistance and may be important for cancer research. The resis-
tance induced by LAMP3 is primarily directed towards proteasome inhibitors 
used during chemotherapy. In conclusion, it has been found that increased ex-
pression of LAMP3 contributes to the development of autophagy and cell sur-
vival [6] [27]. It is important when developing new therapies, including molecu-
larly targeted therapies, to inhibit the specific cytokine activating the signaling 
pathway involved in a particular disease. This type of therapy is based on the use 
of biological medicines, which, despite their high degree of safety, are not free 
from side effects [28] [29]. 

Despite the potential risk, it should be noted that personalized therapy (mo-
lecular targeting) is beneficial for the patient due to the ability to select pharma-
cotherapy based on the appropriately selected drug and its dose. The ability to 
more accurately predict the effects of a particular therapy on a patient will help 
to reduce the number of side effects that are very common in traditional thera-
pies such as in oncology. Therefore, it is important to monitor the effectiveness 
of molecular markers. This would allow to select the right treatment strategy 
before any adverse changes occur, including the drug resistance. In order to in-
troduce innovative therapies, it is also necessary to find new prognostic markers 
and to better understand the mechanism of tumor formation [7]. 

Colorectal cancer is one of the most commonly occurring cancers in the 
Western countries. Studies carried out over the last 15 years have shown that it is 
a multistep genetic disease, however environmental factors may promote its de-
velopment [30] [31]. Very often colorectal cancer ends with death. The cause of 
the high mortality rate is too late diagnosis of the disease and the implementa-
tion of inadequate treatment [32]. Studies in recent years are largely focused on 
the molecular basis of the disease. The main objective is not only a better disease 
prevention and early detection, but also to learn new, effective methods to fight 
the disease. However, knowledge of carcinogenesis at the molecular level is still 
insufficient [33]. 

In summary, the presented study shows that the level of LAMP3 expression is 
higher in colorectal adenocarcinoma cells than in non-cancerous cells and de-
pends on the stage of the disease. Therefore, further studies at the molecular lev-
el are needed to help identify, among other things, predictive and diagnostic 
markers of this disease and the signaling pathways contributing to its develop-
ment. A better understanding of the role of LAMP3 in the regulation of auto-
phagy will be important in the development of novel therapeutic agents in the 
near future [34]. 
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