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Abstract: Targeting of lysosomes is a novel therapeutic anti-cancer strategy for killing the otherwise apoptosis-resis-
tant cancer cells. Such strategies are urgently needed for treatment of brain tumors, especially the glioblastoma, 
which is the most frequent and most malignant type. The aim of the present study was to investigate the presence 
of lysosomes in astrocytic brain tumors focussing also on the therapy resistant tumor stem cells. Expression of the 
lysosomal marker LAMP-1 (lysosomal-associated membrane protein-1) was investigated by immunohistochemistry 
in 112 formalin fixed paraffin embedded astrocytomas and compared with tumor grade and overall patient survival. 
Moreover, double immunofluorescence stainings were performed with LAMP-1 and the astrocytic marker GFAP 
and the putative stem cell marker CD133 on ten glioblastomas. Most tumors expressed the LAMP-1 protein in the 
cytoplasm of the tumor cells, while the blood vessels were positive in all tumors. The percentage of LAMP-1 positive 
tumor cells and staining intensities increased with tumor grade but variations in tumors of the same grade were also 
found. No association was found between LAMP-1 expression and patient overall survival in the individual tumor 
grades. LAMP-1/GFAP showed pronounced co-expression and LAMP-1/CD133 was co-expressed as well suggesting 
that tumor cells including the proposed tumor stem cells contain lysosomes. The results suggest that high amounts 
of lysosomes are present in glioblastomas and in the proposed tumor stem cells. Targeting of lysosomes may be a 
promising novel therapeutic strategy against this highly malignant neoplasm. 

Keywords: LAMP-1, lysosomes, glioblastomas, immunohistochemistry, tumor stem cells

Introduction

Glioblastomas are the most frequent and malig-
nant type of brain tumors. Although the overall 
survival increased with the introduction of the 
Stupp regimen in 2005 [1] including radiation 
and concomitant temozolomide followed by 
adjuvant temozolomide, the median overall 
patient survival is less than 15 months [1]. This 
short survival of the patients is a consequence 
of limited effects of chemotherapy and radia-
tion combined with a very infiltrative behaviour 
of these tumors preventing radical surgery. In 
the last decade, a population of tumor stem 
cells has been proposed to be present in glio-
blastomas, being responsible for treatment fail-
ure and tumor recurrence [2, 3]. 

The lysosomal cell death pathway is a novel 
concept in which lysosomal membrane permea- 
bilization is involved in induction of cell death, 

using death pathways still functional in the can-
cer cells [4-7]. Because of a high lysosomal con-
tent of hydrolytic enzymes including in particu-
lar the cathepsins, rupture of the lysosomal 
membrane could be potentially damaging to the 
cell. The fate of the cell has been shown to be 
determined by the extent of lysosomal damage. 
A limited lysosomal release thus results in cell 
death by apoptosis, whereas a massive lyso-
somal breakdown results in cytosolic acidifica-
tion and necrosis [8]. This necrotic type of cell 
death is of major interest since cancer cells 
often acquire mutations in the apoptotic 
machinery protecting them from cell death by 
the classical apoptotic pathways [5, 9]. 
However, since both cancer cells and healthy 
cells contain lysosomes, distinctions between 
the cells are important. Fortunately, cancer 
cells undergo profound changes in their lyso-
somes upon transformation, affecting size, 
intracellular localization, and enzymatic activity 
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[8]. Moreover, studies have shown that lyso-
somes in cancer cells often are larger [10] and 
hence more fragile than normal lysosomes 
[11], thereby being more sensitive towards lyso-
somal membrane permeabilization. 

Lysosomal-associated membrane protein-1 
(LAMP-1) is among the most abundant lyso-
somal membrane proteins [4, 12, 13] being a 
heavily glycosylated protein creating a sugar 
coat or glycocalyx on the inner side of the lyso-
somal membrane aiding to the protection of the 
membrane from the hydrolytic enzymes and 
degradation [12, 13]. Lamp-1 is expressed 
mainly in the endosome-lysosomal membrane 
of cells but has also been found in the plasma 
membrane (1-2% of total Lamp-1) [14]. Lamp-1 
has been found on the cell surface of highly 
metastatic tumor cells [15-17] and especially 
metastatic colon cancer cells showed a high 
expression of Lamp-1 compared to cancer cells 
with low metastatic potential, suggesting a role 
for Lamp-1 in cell-cell adhesion and migration 
[14, 15, 18]. 

The aim of this study was to investigate the dis-
tribution of lysosomes in astrocytomas includ-
ing the putative tumor stem cells thereby inves-
tigating the possible role of the lysosomal 
cell-death pathway in killing of both tumor cells 
and tumor stem cells. Based on the high abun-
dance of LAMP-1 in lysosomes, we used LAMP-
1 as a marker associated with the amount and 
distribution of the lysosomes. The expression 
pattern of LAMP-1 was investigated in astro-
cytic brain tumors of increasing grade and com-
pared with the overall survival hypothesizing 
that LAMP-1 was associated with tumor grade 
and survival. A high expression of LAMP-1 
mRNA has previously been correlated with lon-
ger survival in patients with pancreatic carci-
noma [15], whereas a high expression of anoth-
er lysosomal membrane protein, LAPTM4B-35, 
investigated immunohistochemically, indicated 
a bad prognosis in patients with hepatocellular 
carcinoma [19], colorectal carcinoma [20] and 
pancreatic carcinoma [21]. The present study is 
a retrospective immunohistochemical study 
including 112 astrocytomas WHO grade II-IV. 
Double immunostaining with glial fibrillary acid-
ic protein (GFAP) was performed to ensure the 
glial identity of the cells expressing LAMP-1. To 
identify possible LAMP-1 expression in the pro-
posed tumor stem cells co-staining with the 
marker CD133 was performed. Glioblastoma 

stem cells were identified in 2003 [22, 23] by 
the expression of the transmembrane marker 
CD133.

Materials and methods

Patients

Archive tumor material was obtained from 112 
patients who underwent initial surgery of dif-
fuse astrocytoma (23 patients) and anaplastic 
astrocytoma (17 patients) between 1995 and 
2005, and glioblastoma (72 patients) between 
2001 and 2005 at Odense University hospital, 
Denmark. For further details about tissue 
selection, exclusion criteria’s and tissue prepa-
ration see Aaberg-Jessen et al. 2009 and 
Christensen et al. 2008 [24, 25].

LAMP-1 immunohistochemistry

Paraffin sections of all tumors were stained 
using the LAMP-1 monoclonal antibody, clone 
H4A3 (Developmental Studies, Hybridoma 
Bank, the University of Iowa, USA). The immu-
nostainings were performed using a Dako 
Autostainer Universal Staining System (Dako, 
Glostrup, Denmark). All reagents were obtained 
from Dako A/S Denmark and used as described 
by manufacturer’s instructions. Paraffin sec-
tions were deparaffinised and endogenous per-
oxidase activity was quenched by immersion in 
1.5% hydrogen peroxide followed by heat-
induced epitope retrieval in T-EG buffer. The 
sections were subsequently incubated for 60 
min with the LAMP-1 antibody (1+2000). The 
detection of the antigen-antibody complex was 
performed using anti-mouse PowerVision fol-
lowed by visualization with diaminobenzidine 
(DAB) as chromogen. Finally, the sections were 
counterstained with Mayer’s haematoxylin. 
Paraffin sections of tissue microarrays with 28 
normal tissues and 12 cancers were used as 
positive control. LAMP-1 was particularly found 
in the thyroid gland, placenta and cervix uterus. 
Primary antibody omission was used as a nega-
tive control.

Scoring of the LAMP-1 staining

The immunohistochemical score was based on 
the average percentage of LAMP-1 positive 
cells and blood vessels and their average stain-
ing intensity for the whole tissue section. Re- 
garding the percentage of positive tumor cells, 
the score 0 corresponds to 0%-2% positive 
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cells, score 1 to 2%<-20% positive cells, score 
2 to 20%<-70% positive cells and score 3 to 
70%<-100% positive cells. Regarding the tumor 
cell staining intensity, the score 0 corresponds 
to no staining, score 1 to faint staining, score 2 
to moderate staining and score 3 to intense 
immunostaining. The percentage of positive 
tumor blood vessels and the blood vessel stain-
ing intensity were assessed in the same way. 
The necrotic areas of the glioblastomas were 
not included when the tumors were scored. 
Moreover, the invasion zones were not includ-
ed. In order to include all four scores per tumor 
in one total value, the four scores for each 
tumor were summed. Thus a maximum score of 
12 points could be obtained for each tumor. For 
comparison with overall patient survival, the 
tumors were divided into three groups accord-
ing to increasing total scores. Group one: total 
scores 0-9, group two: total scores 10, and 
group three: total scores 11-12. This division 
was chosen to ensure an equal distribution of 
the glioblastoma patients in the three groups.

LAMP-1 double immunofluorescence staining

Double immunofluorescence staining was ana-
lyzed on 10 selected paraffin embedded glio-
blastomas cut in 3 µm slices on a microtome 
and mounted on glass slides. The paraffin sec-
tions were dewaxed and the endogenous per-
oxidase activity was quenched. The stainings 
were performed using a Dako Autostainer 
Universal Staining System (Dako, Glostrup, 
Denmark). Performing LAMP-1/GFAP double 
stainings, LAMP-1 antibody was applied after 
HIER with T-EG, and detected with Catalyzed 
Signal Amplification II kit with FITC as fluoro-
chrome. After another round of HIER with T-EG, 
GFAP antibody was applied using Alexa 555 
(Invitrogen, Denmark) as fluorochrome. The 
coverslips were mounted with mounting medi-
um containing 4,6-diamidino-2-phenylindole 
(DAPI) (VWR International Aps, Denmark) to 
identify the nuclei. Co-expression was visual-
ized using confocal microscopy (Nikon, Inverted 
Microscope, ECLIPSE TE2000-E). When per-
forming the LAMP-1/CD133 double immuno-
fluorescence staining, HIER was performed in 
T-EG buffer followed by incubation of the tissue 
sections with CD133 antibody. The Catalyzed 
Signal Amplification II kit with FITC was used as 
detection system (Dako, Glostrup, Denmark). 
Then a second round of HIER with T-EG buffer 
was performed and the tissue sections were 

incubated with LAMP-1 followed by detection 
with the Tyramide Signal Amplification system 
with tetramethylrhodamine as fluochrome 
(PerkinElmer, Denmark). The coverslips were 
mounted as above.

Statistical analysis

For comparison of LAMP-1 scores with increas-
ing tumor grades, ANOVA with Bonferroni cor-
rection was used. Statistical significance was 
defined as *P<0.05, **P<0.01, ***P<0.001. 
Overall patient survival was defined from the 
day of initial surgery until death of the patient. 
For each tumor grade, the LAMP-1 immunohis-
tochemical scores corresponding to the per-
centage of LAMP-1 positive tumor cells and 
blood vessels and their staining intensity (0-3) 
were compared with overall patient survival in a 
Kaplan-Meier plot using the log rank test. 
Furthermore, the glioblastoma patients were 
stratified into three groups based on the total 
LAMP-1 score (0-9; 10; 11-12) for comparison 
with overall patient survival in the same way. 
When performing the analysis, nine patients 
with diffuse astrocytoma, one patient with ana-
plastic astrocytoma and one patient with glio-
blastoma were still alive. These patients were 
therefore censored. The multivariate Cox 
regression model was used to adjust for age 
and gender. P<0.05 was considered significant. 
The statistical analyses were performed using 
SPSS 16.0 software (Statistical Package for 
the Social Sciences, SPSS, Denmark).

Results

LAMP-1 expression in normal brain tissue

LAMP-1 expression was investigated in normal 
brain tissue and a wide distribution was found 
in the endothelial cells in blood vessels. A faint 
staining was observed in cells with microglial 
and astroglial morphology, whereas neurons in 
general were negative. Some staining, however, 
was found in the purkinje cells. In the ventricu-
lar zone, the ependymal layer and the epen- 
dymal islands had a distinct LAMP-1 
expression. 

LAMP-1 expression in astrocytomas 

Astrocytomas had a widespread expression 
pattern of LAMP-1 in the tumor cells. The stain-
ing was very granular with a distribution 
throughout most of the cell cytoplasm. In the 
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blood vessels, LAMP-1 expression was found at 
the luminal side corresponding to the endothe-
lial cells (Figure 1B, 1J). 

In diffuse astrocytomas, LAMP-1 expression 
was found predominantly in cells with microgli-

al morphology (Figure 1A) and in the blood ves-
sels (Figure 1B). Expression of LAMP-1 in tumor 
cells was also found, particularly in tumor cells 
with gemistocytic morphology (Figure 1C). 
LAMP-1 expression was found in 21 out of 23 
tumors.

Figure 1. LAMP-1 immunohistochemical expression in astrocytomas. The expression of LAMP-1 was investigated 
immunohistochemically in diffuse and anaplastic astrocytomas as well as in glioblastomas. The expression in dif-
fuse astrocytomas was primarily found in cells with microglial morphology (A), in blood vessels (B) and in cells with 
gemistocytic morphology (C). In the anaplastic astrocytomas, cells with a gemistocytic morphology also showed 
expression of LAMP-1 with both low (D) and high (E) expression levels. Positive cells with other morphologies were 
also found (F). In glioblastomas the majority of the tumors showed high expression of LAMP-1 in the tumor cells, but 
also tumors with large negative areas were found. In these areas the highest LAMP-1 expression was found in the 
blood vessels (G). LAMP-1 expression was found in tumor cells with different morphologies with different degrees of 
pleomorphism. Both gemistocytic (H) tumor cells as well as multinucleated giant cells (I) were found. Besides being 
found in tumor cells, LAMP-1 expression was also found in blood vessels (J) and in and around necrotic palisades 
(K, L). Scalebar A-L 100 µm, inserts 20 µm.
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Figure 2. LAMP-1 distribution in astrocytomas. The distribution of LAMP-1 scores was compared for the diffuse and 
anaplastic astrocytomas and the glioblastomas in four categories. The four categories were percentage LAMP-1 
positive tumor cells (A), LAMP-1 tumor cell staining intensity (B), percentage LAMP-1 positive blood vessels (C) and 
LAMP-1 blood vessel staining intensity (D). A fifth category included was the total sum of LAMP-1 scores (E) divided 
into three groups with scores from 0-9, 10 and 11-12. In the category percentage positive tumor cells, glioblastomas 
most often received the highest score of 2 and 3, whereas both the diffuse and anaplastic astrocytomas most often 
received the score 1 and 2 (A). In the tumor cell staining intensity category, the scores for glioblastomas were evenly 
distributed between the scores 1-3, whereas the most frequent staining intensity for the diffuse and anaplastic as-
trocytomas was 1 (B). In the category positive blood vessels, all tumors independently of tumor grade received the 
score 3 (C). In the category blood vessel staining intensity, there was a small preference for the score 2 (D). For total 
LAMP-1 score, glioblastomas were almost evenly distributed in the three groups, however, with a small preference 
for the score 11-12. The diffuse and anaplastic astrocytomas primarily received total scores between 0 and 9 (E). 

Anaplastic astrocytomas resembled the diffuse 
astrocytomas in expression pattern but had a 
more intense staining, both including tumor 
cells with a gemistocytic morphology (Figure 
1D and 1E) and tumor cells with other morphol-

ogies (Figure 1F). LAMP-1 expression was 
found in 15 out of 17 tumors.

In glioblastomas, a few tumors with low LAMP-1 
expression but positive blood vessels were 
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found (Figure 1G), however, most tumors had a 
high LAMP-1 expression (Figure 1H). Both 
tumor cells with pleomorphic and gemistocytic 
morphologies (Figure 1H) expressed LAMP-1 
as well as multinuclear giant cells (Figure 1I). 
LAMP-1 expression was also found in tumor 
cells around blood vessels and around necro-
ses (Figure 1J-L). Positive staining was found in 
all 72 tumors investigated.

Distribution of immunohistochemical score 

Glioblastomas had the highest percentage of 
positive tumor cells compared to diffuse and 
anaplastic astrocytomas, thus most often 

receiving the score 3 (Figure 2A). Both anaplas-
tic and diffuse astrocytomas received the score 
1 in approximately half of the investigated 
tumors (Figure 2A). The highest scores for 
tumor cell staining intensity were also most 
often given to the glioblastomas (Figure 2B), 
and again the diffuse and anaplastic astrocyto-
mas received the score 1 in most tumors 
(Figure 2B). LAMP-1 expression was found in all 
blood vessels (endothelial cells) in all tumors 
investigated (Figure 2C). All tumors therefore 
received the score 3. The blood vessel staining 
intensity was also investigated and in this case 
the majority of glioblastomas and both diffuse 
and anaplastic astrocytomas received the 

Figure 3. Mean LAMP-1 score in the astrocytomas. The 
mean LAMP-1 score was compared for diffuse and ana-
plastic astrocytomas and glioblastomas in the five cate-
gories (A-E). The glioblastomas showed the highest mean 
score in the categories LAMP-1 positive tumor cells (A), 
LAMP-1 tumor cell staining intensity (B), LAMP-1 blood 
vessel staining intensity (D) and total LAMP-1 score (E). 
The same mean score was found for LAMP-1 positive 
blood vessels (C) in the three tumor grades. Data are 
analyzed using ANOVA with Bonferroni correction for com-
parison with control and statistical significance *P<0.05, 
**P<0.01, ***P<0.001.
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scores 1 and 2 (Figure 2D). The total score cor-
responding to the sum of scores for positive 
tumor cells, tumor cell intensity, positive blood 
vessels and intensity of the blood vessels was 
calculated for each tumor. Scores from 0-9 
were mostly observed in diffuse and anaplastic 
astrocytomas, whereas score 10, and 11-12 
were most often seen in the glioblastomas 
(Figure 2E).

The mean score calculated for each tumor 
grade showed that glioblastomas had a signifi-
cantly higher percentage tumor cell score 
(Figure 3A), tumor cell staining intensity (Figure 
3B), blood vessel staining intensity (Figure 3D) 
and total LAMP-1 score (Figure 3E). Since all 
tumors displayed LAMP-1 positive blood ves-
sels, the mean score for all groups was 3 
(Figure 3C). 

Comparison of LAMP-1 protein expression and 
overall patient survival 

The Kaplan-Meier plot (Figure 4) compares the 
total Lamp-1 expression scores in the 72 glio-
blastomas patients with overall patient survival 
in months. The multivariate Cox regression test 
adjusting for age and gender revealed that the 
positive Lamp-1 tumor cells and blood vessels 
did not influence the overall patient survival 
(p=0.820). This was also true when correlating 

Figure 4. Correlation between LAMP-1 scores and 
overall patient survival. A Kaplan-Meier survival plot 
for the 72 glioblastoma patients grouped accord-
ing to the total LAMP-1 immunohistochemical score 
showed no correlation between LAMP-1 expression 
and patient overall survival (p=0.820). Group 0-9, 
n=22, group 10, n=21, group 11-12, n=29.

the individual score groups or different combi-
nation of score groups corresponding to per-
centage LAMP-1 positive tumor cells and blood 
vessels as well as staining intensity in the 
tumor cells and blood vessel staining intensity 
with patient overall survival (data not shown). 
Similar results were found for diffuse and ana-
plastic astrocytomas and for all grades togeth-
er (not shown).

Co-expression of LAMP-1/GFAP and LAMP-1/
CD133 

To confirm the presence of LAMP-1 in tumor 
cells a LAMP-1/GFAP double immunofluores-
cence staining was performed. Co-expression 
was found in all tumors investigated and in 
tumor cells with different morphologies. 
Co-expression illustrated as yellow staining 
with a dot-like pattern was found in gemisto-
cytic tumor cells (Figure 5A) and in tumor cells 
with other morphologies (Figure 5B). Many mul-
tinuclear giant cells were also found to express 
both LAMP-1 and GFAP (Figure 5C). However, 
not all cells expressing GFAP also expressed 
LAMP-1.

Double immunofluorescence with LAMP-1 and 
CD133 was performed to identify proposed 
tumor stem cells expressing LAMP-1. 
Co-expression was identified in cells with a 
green CD133 membrane staining and a red 
LAMP-1 dot-like staining in the cytoplasm. 
Co-expression was found in both CD133 niches 
(Figure 5D) and in CD133 single cells (Figure 
5E and 5F). The majority of CD133 positive 
cells co-expressed LAMP-1.

Discussion

In the present study the immunohistochemical 
expression and distribution of the lysosomal-
membrane associated protein LAMP-1 in astro-
cytomas was investigated. The highest expres-
sion was found in glioblastomas but different 
degrees of staining were also found in these 
tumors. However, no correlation was found 
between LAMP-1 scores and overall patient 
survival. Most interestingly, both LAMP-1/GFAP 
and LAMP-1/CD133 co-expression was found.

LAMP-1 expression in astrocytomas

A significantly higher LAMP-1 expression was 
found in glioblastomas compared with diffuse 
and anaplastic astrocytomas suggesting an 
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increase in the amount of lysosomes present. 
To support this, co-expression of LAMP-1 and 
the astrocytic marker GFAP was found suggest-
ing that the tumor cells indeed expressed 
LAMP-1. The lysosomal content in a cell has 
previously been shown to be directly related to 
the LAMP expression [26] suggesting glioblas-
tomas to have an increased number of lyso-
somes compared to diffuse and anaplastic as- 
trocytomas. Previous findings demonstrated an 
increase in the amount of lysosomes in the ras-
transformed version of a mouse mammary epi-
thelial cell line compared to the non-transform- 
ed cells [26] and in a study investigating the 
expression of LAMP-1 in colorectal neoplasms 
a significant increase in expression was found 
in adenomas and cancers compared to normal 
colorectal epithelial cells [18]. These studies 
support the hypothesis that transformed cells 

and cancer cells have a higher amount of lyso-
somes compared to non-cancerous cells.

LAMP-1 expression in tumor stem cells

In the present study co-expression of LAMP-1 
and the stem cell marker CD133 was found. 
This is in line with a previous study in our group 
[27], where an increase in both CD133 and 
LAMP-1 expression was found in glioblastoma 
tumor stem cell containing spheroids in hypoxia 
compared to normoxia. Tumors and especially 
glioblastomas are often very hypoxic support-
ing a higher amount of lysosomes in the glio-
blastomas. A study investigating the ultrastruc-
tures of glioma stem cells/progenitor cells by 
transmission electron microscopy found only 
rarely lysosomes in a glioma cell line and in 
patient tissue from a mixed glioma [28]. In this 

Figure 5. Double immunofluorescence staining with LAMP-1/GFAP and LAMP-1/CD133. Expression of LAMP-1 in tu-
mor cells and tumor stem cells of 10 glioblastomas were investigated by confocal microscopy and double immuno-
fluorescence using the astrocytic marker GFAP and the tumor stem cell marker CD133, respectively. Co-expression 
of LAMP-1 and GFAP was identified as a yellow dot-like staining in the cell cytoplasm. It was found in cells with a 
gemistocytic appearance (A), in tumor cells with other morphologies (B) as well as in multinuclear giant cells (C). 
Co-expression of LAMP-1 and CD133 was identified as cells with a red cytoplasm representing LAMP-1 and a green 
membrane staining being CD133. Co-expression was found in CD133 niches consisting of a cluster of several cells 
expressing CD133 (D) as well as in dispersed CD133 single cells (E and F). The CD133 single cells were surrounded 
by LAMP-1 positive but CD133 negative cells. The images were recorded by a 60x lens (A, B, D, E) using an addi-
tional zoom in some areas (C and F). 
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study both isolated tumor stem cells from a 
human glioma cell line and tumor spheroids 
were used for analysis. The result contradict 
with the findings in the present study, however, 
the results should be interpreted with caution 
since only one cell line and tumor tissue from 
one patient was used.

Expression of lysosomal proteins and patient 
survival

No association between LAMP-1 expression 
and overall survival was found in the present 
study suggesting that the presence of LAMP-1 
protein itself does not contribute to survival of 
the patients. Surprisingly, LAMP-1 mRNA has 
previously been correlated to prognosis in 
patients with pancreatic carcinoma [15], where 
high expression of LAMP-1 mRNA was found to 
be associated with longer survival. Moreover, 
LAMP-1 expression was in this study suggested 
to correlate to local tumor progression instead 
of metastasis indicating a role of LAMP-1 in 
intercellular adhesion processes. Another lyso-
somal membrane protein, LAPTM4B-35 has 
been extensively investigated in pancreatic, 
colorectal and hepatocellular carcinomas [19-
21]. A high expression of LAPTM4B-35 was in 
all cases associated with a poor prognosis. 
LAPTM4B-35 has been suggested to play a role 
in tumor initiation/progression and overexpres-
sion of the protein has furthermore been shown 
to promote proliferation, migration, and inva-
sion [20]. Interestingly the protein has also 
been associated with lysosomal cell death [29] 
rendering tumor cells resistant to lysosomal-
mediated cell death triggered by environmental 
and genotoxic stress. 

The lysosomal proteases, the cathepsins, have 
also been correlated with patient survival. 
Studies have investigated the association of 
expression of the different cathepsins with 
prognosis in glioblastomas [30, 31]. A high 
expression of cathepsin B [31] and cathepsin D 
[30] was found to be associated with poor over-
all survival. However, this is believed to be relat-
ed to the role of cathepsins released extracel-
lularly contributing to migration and angio- 
genesis and not to the lysosomal-cell death 
pathway. The cathepsins are believed to play a 
dual role being involved in both tumor progres-
sion and in the lysosomal cell death pathway. 
Upon release of the cathepsins to the extracel-

lular matrix they are believed to be involved in 
ECM degradation, migration, and angiogenesis, 
whereas the cathepsins upon release from the 
lysosomes into the cytosol play an important 
role in inducing caspase-independent cell 
death [5, 32]. 

Lysosomal cell death in glioblastoma

The high expression of LAMP-1 in glioblasto-
mas found in the present study suggests the 
presence of a high amount of lysosomes in 
these tumors thereby proposing a role for 
induction of cell death through the lysosomal 
cell death pathway. Interestingly, killing of glio-
ma cells surpassing both the intrinsic and 
extrinsic apoptotic pathways has previously 
been described [33] in a study using parvovirus 
H-1. The results showed that parvovirus 
induced cell death through a non-apoptotic 
pathway mediated by cathepsins and most like-
ly through lysosomal membrane permabiliza-
tion leading to release of cathepsins. The use 
of viruses may be difficult in a clinical setting 
but instead the use of the lysosome-destabili- 
zing drug siramesine could prove efficient by 
inducing lysosomal cell death in the same man-
ner as the parvovirus. Siramesine has earlier 
been found to directly destabilize the lysosomal 
membrane followed by lysosomal dysfunction 
leading to permabilization of the membrane 
and release of cathepsins to the cytosol result-
ing in cathepsin-mediated cell death [34, 35]. 
Accordingly, exposure to siramesine leads to 
extensive cell death in a variety of immortalized 
and transformed cancer cells in vitro [34-39].

Even though the glioblastomas received the 
highest LAMP-1 scores several of these tumors 
also showed low expression of LAMP-1. Thus if 
an effective treatment targeting the lysosomes 
is developed it might prove useful in only a sub-
set of the glioblastomas providing the need of a 
lysosomal biomarker to predict treatment 
response. 

Interestingly, co-expression of LAMP-1 and the 
tumor stem cell marker CD133 in the present 
study suggested that a part of the proposed 
tumor stem cells also had a high content of 
lysosomes. A therapeutic strategy targeting 
lysosomes may thereby be speculated to be 
efficient also in terms of eradicating the tumor 
stem cells. 
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In conclusion, we found a high LAMP-1 protein 
expression in glioblastomas compared to dif-
fuse and anaplastic astrocytomas. There was 
no association between expression level in glio-
blastomas and survival. The supposed high 
amount of lysosomes in glioblastomas may 
suggest these tumors to be very sensitive to 
drugs targeting lysosomes. Using double-immu-
nofluorescence we found co-expression of 
LAMP-1 and the stem cell marker CD133 sug-
gesting that tumor stem cells may be efficiently 
eradicated by therapeutic strategies targeting 
lysosomes. Such targeting of tumor stem cells 
may be crucial for improving glioblastoma treat-
ment since these cells are believed to escape 
conventional therapies thereby being responsi-
ble for tumor recurrence.
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