
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Immunohistochemical study supports the targeting  
of HSP27 alone, or HSP27 in combination with AKT,  
as therapeutic strategies to treat SPARC+/PTEN-wt or 
SPARC+/PTEN-null gliomas 
 

ABSTRACT 
Secreted Protein Acidic and Rich in Cysteine 
(SPARC) promotes glioma migration and invasion, 
and does so, in part, by activating p38 mitogen 
activated protein kinase (P38 MAPK)–mitogen-
activated protein kinase-activated protein kinase 2 
(MK2)–heat shock protein 27 (HSP27) signaling. 
Phosphatase and tensin homolog (PTEN) suppresses 
SPARC-induced invasion, and decreases pAKT, 
serine (S)15- and S78HSP27. Therefore, SPARC 
function is affected by PTEN. Consequently, we 
propose targeting HSP27 in PTEN-wild-type gliomas, 
and both HSP27 and AKT in PTEN-null gliomas. 
Our in vitro studies support this therapeutic strategy; 
however, we do not know whether these pathways 
are reflected in human tumors. In this 
immunohistochemistry study, we examined SPARC, 
HSP27, and AKT expression and phosphorylation 
relative to tumor grade, to PTEN genetic status, to 
 

tumor invasion, and to patient survival. The results 
show that all glioma grades have elevated SPARC 
and S82HSP27. The expression of HSP27, 
S15HSP27, and S78HSP27, AKT and phospho 
(p)AKT increases with increasing grade. We found 
that the loss of PTEN correlates with increased 
HSP27, S15HSP27, S78HSP27 and pAKT. Finally, 
we observed that increasing levels of SPARC and 
pAKT correlate with shorter patient survival, as does 
any expression of S78HSP27. This study provides 
important rationale for targeting HSP27 alone, or 
HSP27 and AKT together, to treat glioma patients.  
 
KEYWORDS: glioblastoma, astrocytoma, SPARC, 
HSP27, PTEN, signaling pathways, therapeutic targets 
 
INTRODUCTION 
Diffuse astrocytomas represent approximately 
80% of malignant brain tumors. Historically, adult 
infiltrating gliomas were histologically classified 
as diffuse astrocytoma and oligodendroglioma, and 
were designated grades II-IV by criteria established 
by the World Health Organization (WHO), with 
glioblastoma (GBM) corresponding to a grade IV 
infiltrating astrocytoma [1]. Recent advances made 
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total HSP27 and its phosphorylation at all three 
serine (S15, S78, and S82) residues [20, 21], and 
increases the phosphorylation of S78HSP27 relative 
to total HSP27 [20]. 
Interestingly, cytoplasmic unphosphorylated HSP27 
exists in complex with P38 MAPK, MK2, and AKT 
[21]. AKT is an important mediator of cell survival 
[22], which is, in turn, regulated by PTEN. PTEN 
is a major tumor suppressor gene lost and mutated 
in 27%-36% of primary GBMs and is methylated 
in up to 88% of secondary infiltrating astrocytomas 
[14, 23, 24]. PTEN negatively regulates AKT by 
dephosphorylating PIP3, and its loss therefore 
leads to increased pAKT. 
We have demonstrated that PTEN reconstitution 
suppresses SPARC-induced migration and invasion 
in vitro and in vivo, and this is accomplished, in 
part, by suppressing the AKT signaling pathway [25] 
(see Figure 1). As the occurrence of PTEN loss/
mutation/methylation is relatively high in malignant 
 
 

possible by The Cancer Genome Atlas (TCGA) 
have made significant contributions to molecular 
characterization related to gene expression and 
genetic and DNA methylation signatures [2, 3, 4], 
providing a wealth of information to assist 
investigators in their particular fields of study. 
Importantly, these recent advances have resulted 
in the 2016 revision of the WHO classification of 
central nervous system tumors [5]. 
While it is anticipated that these recent advances 
will provide new treatment options, GBM patients 
presently have a poor prognosis, largely due to the 
highly infiltrative/invasive nature of these tumors 
and their poor response to current treatment modalities. 
The median survival of newly diagnosed GBM 
patients is only 14.6 months following the standard 
of care treatment, which is surgery followed by 
treatment with temozolomide (TMZ) plus radiotherapy 
(RT), followed by 6 months of adjuvant TMZ 
treatment [6], depending on the O6-alkylguanine 
DNA alkyltransferase (MGMT) methylation status 
of the patient’s tumor [7]. However, there is cause 
for concern that radiation therapy may, in fact, 
enhance the invasive phenotype of these tumors 
[8]. In addition, a dramatic infiltrative pattern was 
commonly associated with the failure of ongoing 
bevacizumab therapy [9]. Clearly, novel therapies 
that restrict glioma infiltration are necessary. We 
have therefore looked for genes that are involved 
in regulating the infiltrative/invasive phenotype.  
Using subtractive hybridization of astrocytoma 
and glioblastoma cDNA libraries, we found 
overexpression of SPARC [10], also known as 
osteonectin [11] and BM-40 [12], in all grades of 
primary human infiltrating astrocytomas [13]. 
Increased SPARC transcript (average 9.4-fold) 
was also observed by Parsons et al. [14]. The data 
therefore indicate that SPARC upregulation is one 
of the earliest changes in glioma progression, and 
its expression remains regionally elevated.   
We and others have demonstrated that this 
upregulation of SPARC enhances the malignant 
phenotype. SPARC promotes migration and invasion 
in vitro [15] and invasion in vivo [16, 17], and 
conversely, its downregulation inhibits migration 
and invasion [18]. We have further demonstrated that 
SPARC upregulates the P38 MAPK-MAPKAPK2 
(MK2)-HSP27 signaling axis (see Figure 1), and 
that inhibiting HSP27 expression through HSP27 
siRNA treatment blocks SPARC-induced migration 
and invasion [19]. We found that SPARC increases 
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Figure 1. Proposed SPARC-mediated signaling pathways 
and regulation by PTEN. SPARC activates the p38 
MAPK-MAPKAPK2 (MK2)-HSP27 signaling pathway 
to promote glioma tumor cell migration, possibly through 
integrin binding and ILK activation. AKT promotes 
phosphorylation of MK2 and HSP27 directly. PTEN 
suppresses glioma migration by dephosphorylation of 
PIP3, inhibiting AKT downstream signaling. (Adapted 
from Alam, R., Schultz, C. R., Golembieski, W. A., Poisson, 
L. M. and Rempel, S. A. 2013, Neuro Oncol., 15(4), 
451-461 with permission from Oxford University Press.) 
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do not know whether these pathways are reflected in 
human tumor specimens. In this study, we examined 
patients’ samples to assess the relationship between
SPARC, HSP27, and AKT protein expression, with 
respect to (a) glioma diagnosis and tumor grade, 
(b) PTEN status (wild-type or mutant/loss), (c) tumor 
invasiveness, and (d) patient survival. We thereby 
provide the necessary rationale to pursue these 
precision treatment strategies. 
 
MATERIALS AND METHODS 

Patients and tissue samples 
Institutional Review Board (IRB)-approved informed 
consent was obtained from all patients to collect 
specimens used for this study, and IRB approval 
was obtained to perform this study. A total of 102 
paraffin-embedded tumor tissue samples were used 
for immunohistochemistry analyses. A summary 
of clinical and molecular data is provided in table 1. 
Of the 102 tumors, 87 had frozen tissue samples 
that were submitted by Henry Ford Hospital to 
TCGA. Of these, 75 have known PTEN and IDH 
gene mutation status. These tumors were from 
 
 

glioma (27-36%), and at least 65% of tumors 
overexpress SPARC, there is a good chance that 
tumors express elevated levels of SPARC as well as
mutant PTEN. The genetic background of infiltrating 
astrocytomas with respect to the expression of these 
two proteins may be important to consider as treatment 
strategies might differ depending on whether 
the tumors are SPARC+/PTEN-null versus 
SPARC+/PTEN-wild-type (wt). Therefore we 
examined the effects of pharmacologically suppressing 
HSP27 expression alone or in combination with AKT 
inhibition ± temozolomide treatment. We reported 
that inhibiting HSP27 alone reduces tumor cell 
survival. When HSP27 inhibition was used in 
conjunction with pAKT inhibition in mutant PTEN 
tumor cells, survival was synergistically decreased, 
suggesting that PTEN status is important. Significantly, 
the combination treatment was more effective than 
temozolomide treatment alone [26], supporting the 
targeting of SPARC-induced signaling through 
HSP27 alone or with AKT inhibition (depending 
on PTEN status) as a therapeutic approach. 
While we have significant in vitro and in vivo data 
supporting the use of this treatment strategy, we 
 
 Table 1. Summary of clinical and molecular data. 

Age at Diagnosis* Median [min, max] 59 [23, 85] 
Male (%) 43/75 (57%) Gender* 
Female (%) 32/75 (43%) 
Astrocytoma, II (%) 6/102 (6%) 
Astrocytoma, III (%) 14/102 (14%) Histology & Grade Diagnosis** 
Glioblastoma, IV (%) 82/102 (82%) 
Methylated (%) 23/50 (31%) MGMT Promoter*+ 
Unmethylated (%) 27/50 (36%) 
Mutant (%) 9/75 (12%) IDH1/2*  
Wild-type (%) 66/75 (88%) 
Co-deleted (%) 0/75 (0%) Chromosomes 1p/19q* 
Not Co-deleted (%) 75/75 (100%) 
Mutant (%) 21/75 (28%) 
Homozygous deletion (%) 3/75 (4%) PTEN* 
Wild-type (%) 51/75 (68%) 

*Molecular and clinical data taken from the pan-glioma TCGA paper (Ceccarelli et al., 
Cell, 2016 [4]), of which 75 of our 102 cases are found. 
**An additional 27 Henry Ford Hospital cases were used for immunohistochemistry. 
+25 of 75 GBM cases in this TCGA cohort did not have full assay of MGMT 
promoter methylation, so methylation status could not be determined. 
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immunohistochemical detection for SPARC, HSP27, 
S15HSP27, S78HSP27, S82HSP27, PTEN, AKT and 
S473AKT using primary antibodies and methods 
described in supplementary table S3. Sections were 
blindly reviewed and scored by two neuropathologists. 
Each case was reviewed by one neuropathologist, with 
a subset reviewed by both to establish threshold. 
Staining intensity was graded as negative (0), weak (1), 
moderate (2), or strong (3). Percentage of tumor 
staining for a given antibody was scored as negative 
(0), less than 5% (1), 6-25% (2), 26-50% (3), 51-75% 
(4), and 76-100% (5). 

Statistical analyses 
Heatmaps were used to simultaneously visualize 
protein intensity and percentage of tumor staining 
across multiple samples and proteins. In these 
grid diagrams, each row represents one measure 
(e.g., intensity in normal cells, intensity in tumor 
cells, or percentage of tumor cells staining) for one 
immunohistochemistry stain, and each column 
represents one case. Cases were ordered by clinical 
feature and then by intensity of total HSP27 within 
the tumor cell. Colors of increasing “heat” from 
green (low/“cold”) to red (high/“hot”) were used to 
symbolize increasing intensity or percentage. Exact 
tests, such as Fisher’s exact test, were used to compare 
counts of samples at each staining intensity between 
categories (e.g., grade). Bar charts were used to depict 
counts per intensity level, by category. As staining 
intensity is an ordinal measure, trend tests for change 
in proportions were also run to assess linear trends 
in the proportion of samples having a particular 
feature at each increasing intensity level. Overall 
survival is defined as the time from diagnosis to 
death (all cause), with patients who are still alive 
censored at the time of last contact. Progression 
free survival is defined as the time from diagnosis 
until the first evidence of tumor progression. Death 
is considered a progressive event if no other evidence 
is documented prior to death. Patients who are still 
alive without progression are censored at the time 
of last contact. Kaplan-Meier estimates were used 
in plots of survival curves between single predictors. 
Log-rank tests were used to compare these survival 
curves. Cox-regression models, assuming proportional 
hazards, were used to assess relationships between 
multiple predictors. All analyses were conducted 
in R, v3.2 (http://www.cran.r-project.org/).  
 

32 female and 43 male patients, with an average age 
at diagnosis of 58.8 years. Thirty-five tumor specimens 
had tumor-adjacent brain tissue. Twenty-three
independent brain specimens were obtained for 
use as normal controls. Upon histological review, 
two of these controls were excluded because major 
gliosis was observed. See supplementary databases 
S1 and S2 and supplementary table S1 for information 
on all patients and samples used for this study. 

Clinical data, tumor grading, and diagnosis 
Complete clinical data, with available key molecular 
features, for the 87 tumors contained in TCGA were 
extracted from the supplemental files of the pan-
glioma paper from TCGA [4] (see Supplementary 
database S2). This included histological diagnosis 
and grading as Grade II, Grade III or Grade IV 
infiltrating astrocytomas according to the WHO 
system [1]. For those 75 tumors with available 
somatic mutation and copy number variation data 
through TCGA, the new 2016 WHO classification 
of central nervous system tumors [5] was also applied. 
Histologic diagnosis and grade were taken from 
the clinical pathology report associated with the 
tissue for those cases not in TCGA. 

Molecular data 
Putative copy number and mutation changes were 
downloaded from the cBioPortal through MSKCC 
(www.cbioportal.org) on February 11, 2016 and 
Oncoprint data on June 21, 2016. The pan-glioma 
data was also used (“merged Cohort of LGG and 
GBM; TCGA 2016”). An indicator of PTEN loss was 
constructed to represent either a somatic mutation 
in PTEN (any) or a substantial loss (a putative copy 
number call of -2); see supplementary database S2 
and supplementary table S2. 

Immunohistochemistry 
Paraffin-embedded tissue sections (5 µm) were 
stained with hematoxylin and eosin (H&E) for 
histopathological evaluation. Immunohistochemical 
analysis was essentially performed as previously 
reported [13] after working out conditions and 
ensuring negative and positive control reproducibility 
in multiple runs (Supplementary figures S1 and S2). 
Briefly, formalin-fixed, paraffin-embedded 5 µm tissue 
sections were subjected to routine deparaffinization 
and rehydration. Serial sections were subjected to 
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are SPARC-expressing tumors that do not correlate 
with enhanced or phosphorylated HSP27 signaling 
(Figure 2). In accordance with our signaling model, 
this would be expected if these tumors were PTEN-
wild-type, with consequent suppression of pAKT and 
downstream suppression of pHSP27. Therefore, we 
next examined the PTEN status of the specimens. 

Protein expression relative to PTEN status 
With respect to PTEN genomic loss, only 8 (11%) 
of the 75 tumors were assumed to be diploid. 
Most had some loss (85% have putative call of -1) 
and three (4%) had substantial loss (putative call 
of -2). PTEN deactivation arises through either a 
substantial loss or mutation, but rarely both; see 
supplementary figure S4A. We therefore combined 
mutation (any) and loss (-2) to form a PTEN loss 
indicator. Of the 24 cases with PTEN loss, 3 are 
due to copy number loss and 21 are due to mutation; 
see supplementary table S2. To determine whether 
PTEN expression might correlate with inhibition 
of the SPARC-signaling pathway, the expression 
of each protein was compared between PTEN-wild-
type and PTEN-null groups (Figure 4 and 
Supplementary figure S5). Genetic data was used 
because the PTEN antibody was detecting mutant 
PTEN protein as well as the wild-type protein, 
and consequently, the immunohistochemical signal 
intensity was not a reliable marker for PTEN 
functional status. This can be seen in figure 4 
where there is no evidence of a difference in 
proteins between PTEN-loss and PTEN-wt tumors, 
p = 0.2374; see also supplementary table S4. 
The bar graphs (Figure 4) show that genomic loss 
of PTEN did not correlate with SPARC or 
S82HSP27 expression levels; however, it does 
correlate with significant increases in HSP27, 
S15HSP27, S78HSP27, and S473AKT. This suggests 
that PTEN, if present, could influence SPARC-
induced upregulation of HSP27 by suppression of 
pAKT (Figure 1). Examining the associations between 
pAKT and the phosphorylations of HSP27 in 
PTEN-wild-type versus PTEN-null tumors (Table 2), 
we find that in PTEN-null tumors, pAKT correlates 
with S15HSP27; whereas this association is lost in 
PTEN-wild-type tumors. For the phosphorylated 
forms of HSP27, the strongest association is between 
S15- and S78HSP27. These data would support our 

RESULTS 

Protein expression in independent normal  
and tumor-adjacent normal tissue 
The intensity of staining of the independent normal 
and tumor-adjacent normal tissues, relative to that
observed in the tumors, is shown as a heatmap in 
figure 2. Except for SPARC, the independent normal 
brain samples do not express (0), or have very little 
expression (1), of the proteins under consideration. 
In contrast, the tumor-adjacent normal samples 
tend to have higher levels of expression (3, 4); see 
also supplementary figure S3. The observation that 
tumor-adjacent normal brain is positive for SPARC 
is not surprising, as we have demonstrated that 
reactive astrocytes in normal brain adjacent to 
tumor express high levels of SPARC, as do the 
invading tumor cells [13]. As we show next, there 
is a close association between SPARC and HSP27 
in all grades of infiltrating astrocytomas, and hence it 
is not surprising to see elevated (p)HSP27 in these 
tumor-adjacent normal tissues as well. In adult brain 
there are small populations of cells that normally 
express SPARC. These include the Bergmann glia 
in the cerebellum and marginal glia in the outer 
cortex [27]. We examined our independent normal 
specimens and found that the SPARC expression 
was detected in the Bergmann glia and/or reactive 
astrocytes in 19 of the 21 normal specimens 
(Supplementary database S1). 

Protein expression in tumors relative to  
tumor grade 
Histologically, all 102 tumor specimens were 
identified to have astrocytic origin, though one 
tumor was classified as an oligoastrocytoma upon 
review by TCGA. There are 82 Grade IV tumors 
(GBM, 80.4%), 14 Grade III tumors (13.7%), and 
6 Grade II tumors (5.9%). As expected from our 
previous study [13], SPARC is highly expressed 
in all grades of glioma, as is S82HSP27 (Figure 3). 
Expression levels of HSP27, S15HSP27, S78HSP27, 
AKT, and pAKT all significantly increase with 
increasing grade (Figure 3). The heatmap (Figure 2) 
also illustrates that as the staining intensity increases 
the percentage of tumor staining also increases. 
These results support our in vitro and in vivo studies 
that SPARC increases HSP27 expression and 
phosphorylation. However, when comparing the 
intensity of these proteins within each grade, there 
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Figure 2 

Figure 3 
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(Supplementary figure S4A, B). Mutations are 
primarily in the two functional domains (dual 
specificity phosphatase, catalytic domain or C2 
domain). The mutation or wild-type status for PTEN 
and IDH for each tumor is indicated in 
supplementary database S2. 
There is no evidence that PTEN mutation rate differs 
by grade (p = 0.6056; Supplementary table S5); 
whereas, as expected from the global data in 
cBioPortal, the PTEN mutation is exclusive of an 
IDH mutation (FET p = 0.0545; Supplementary 
table S6) in our tumor subset. There is a suggestion 
that IDH mutation is less likely with increasing 
grade (FET p = 0.0903; Supplementary table S7). 
If the order of grade is accounted for in a trend test, 
the change in proportions is still not quite statistically 
significant (trend-test p = 0.0688; Supplementary 
table S7). There was no correlation between 
elevated SPARC expression and IDH mutation 
(p = 0.2227; Supplementary table S8). These 
combined data indicate that the subset of HFH 
tumors used for these analyses are representative of 
the larger set of glioma tumors in the TCGA database 
with respect to PTEN and IDH mutation rates. 
As IDH1 has become the primary diagnostic 
discriminator for diffuse infiltrating astrocytomas, 
we evaluated our staining results in the context of 
the new WHO classification system [5]. Of the 75 
tumors under study that are profiled by TCGA, nine 
harbor an IDH mutation (9 IDH1, 0 IDH2) and none 
harbor a co-deletion of chromosomal arms 1p and 
19q. By 2016 diagnostics, we have three “Diffuse 
Astrocytoma, IDH-mutant”, nine “Astrocytoma, IDH-
wt, Diffuse Astrocytoma-NOS,” six “Glioblastoma, 
IDH-mutant,” and 57 “Glioblastoma, IDH-wt” tumors. 
As can be seen in figure 5, for GBMs, the increased 
 

model to suggest that, in the absence of PTEN, 
increased pAKT phosphorylates serine 15 on HSP27 
and this enhances phosphorylation on serine 78. 
When PTEN is present, pAKT is decreased. As a 
result, S15HSP27 is decreased, which would 
negatively impact the phosphorylation on serine 78. 
These data are in agreement with our published 
in vitro data that shows that PTEN reconstitution 
suppresses S15HSP27 and S78HSP27 in SPARC-
expressing cells [20], and our in vivo data showing 
that PTEN suppresses growth and invasion of 
SPARC-expressing tumors [25]. 
To further assess the relevance of PTEN status, 
we considered whether our subset of tumors 
within the TCGA was representative of the tumors 
comprising the entire TCGA database, with a 
focus on SPARC, HSP27 (gene symbol:HSPB1), 
PTEN and IDH, the last two having been found to 
be virtually mutually exclusive genetic mutations, 
important in defining glioma subsets [4, 5]. 

PTEN and IDH genetic status 
Within the 1084 TCGA glioma cases with whole 
genome sequencing, IDH1 was the most commonly 
altered gene and PTEN was the fourth most 
commonly altered gene, (Supplementary figure S4A). 
Identified mutations for PTEN spanned the entire 
gene region (Supplementary figure S4B). Overall, 
PTEN was lost in 15% of the cases either through 
deep deletion or mutation. Loss of PTEN is 
nearly perfectly mutually exclusive of having an 
IDH1/IDH2 mutation (p < 0.0001).  
Within the 75 Henry Ford Hospital (HFH) TCGA 
cases (63 GBM, 10 AA, 2 LGA), mutations in PTEN 
are primarily truncating or missense, with only three 
points being mutated in more than one sample 
 

Legend to Figure 2. Heatmaps for HSP27, S82HSP27, S78HSP27, S15HSP27, SPARC, PTEN, S473AKT, and 
AKT. For each protein, the top heatmap is the maximum staining intensity in independent normal brain samples 
(NB; green) and tumor-adjacent normal brain (when present); the middle heatmap is the maximum staining intensity 
in the tumor cells; and the bottom heatmap is the percentage of tumor staining. Tissues are ordered first by grade 
(Non-Tumor, II, III, and IV) and then by HSP27. Intensity of staining is measured as 0 (none), 1, 2, or 3 (highest), 
and the percentage of tumor staining (PercentMax) is measured as 0 (none), 1, 2, 3, 4, or 5 (highest). 
 
Legend to Figure 3. Barplots for SPARC, PTEN, HSP27, S82HSP27, S78HSP27, S15HSP27, S473AKT, and AKT. 
For each antibody, the barplots illustrate the proportion of samples at each staining intensity in the different grades 
of glioma samples. Levels of expression of HSP27, S78HSP27, S15HSP27, PTEN, AKT, and pAKT increase with 
increasing grade. SPARC, S82HSP27, and PTEN are high in all grades. Intensity of staining is measured as 0 (none), 
1, 2, or 3 (highest). Significance is set at p ≤ 0.05. 
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Invasion 
Our work has focused on the role of SPARC in 
promoting glioma migration and invasion. While 
immunohistochemistry of human specimens is 
vital to validate in vitro observations and results 
obtained through animal models, there is a 
significant shortfall with respect to the study of 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
staining intensity of HSP27, S82HSP27, S78HSP27, 
S15HSP27, AKT, and pAKT increases with IDH-wt 
status in both the astrocytoma and GBM tumors. As 
our GBM PTEN-null tumors are IDH-wt, and those 
GBMs that are IDH mutant are PTEN-wild-type, 
the data are consistent between the 2007 and 2016 
WHO classifications. 
 
 
 

Figure 4. Barplots for SPARC, PTEN, HSP27, S82HSP27, S78HSP27, S15HSP27, S473AKT, and AKT. For 
each antibody, the barplots illustrate the proportion of samples at each staining intensity between those cases 
with PTEN (WT) and without (Null) PTEN. HSP27, S78HSP27, S15HSP27, and pAKT increase with the loss
of PTEN. SPARC, S82HSP27, and AKT expression levels were not impacted by PTEN loss. PTEN staining 
did not correlate with PTEN genetic status indicating that the antibody detects mutant protein. Intensity of 
staining is measured as 0 (none), 1, 2, or 3 (highest). Significance is set at p ≤ 0.05. 
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increasing intensity of SPARC was associated 
with worse OS and PFS (Figure 7). In addition, 
we found that OS and PFS were worse for patients 
with tumors expressing any S78HSP27, and that 
OS and PFS were worse with increasing pAKT. 
We next examined whether PTEN presence or 
absence correlated with survival. We found no 
difference in survival between patients having 
tumors wild type for PTEN versus those having 
tumors mutant for PTEN (Supplementary figure 
S13). We found that PFS increased with increasing 
S78HSP27 in a PTEN-null background, whereas 
PFS increased with decreasing S78HSP27 in a 
PTEN-wild-type background (Figure 8). We found 
that OS and PFS decreased with increasing pAKT in 
both PTEN-null and PTEN-wild-type backgrounds. 
However, those tumors having no expression of 
pAKT had the worst survival (Figure 8). Looking 
at PTEN status and whether there was any correlation 
between any staining versus no staining, we see 
that the PTEN status discriminated between tumors 
having no expression versus any expression for both 
S78HSP27 and pAKT (Figure 8). The significance 
of this latter observation is not clear as the number 
of samples in the no staining/PTEN-null group 
is very small for both S78HSP28 (n = 6) and 
for pAKT (n = 2). A larger study specifically 
examining tumors with these genotypes is necessary. 
We found no association between PTEN status 
and OS and PFS survival relative to HSP27, 
S82HSP27, S15HSP27, and AKT expression 
(Supplementary figures S14-S19). 
 
DISCUSSION 

In this study, we show that a large percentage of 
human glioma specimens express high levels of 
SPARC, HSP27 and its phosphorylated forms, and 
elevated AKT and pAKT. We also show a large 
percentage of tumors that, despite having high 
SPARC expression, do not have elevated levels of 
HSP27, S78HSP27, S15HSP27, AKT or pAKT. 
Importantly, we find a correlation between the 
loss of PTEN and enhanced HSP27, S15HSP27, 
S78HSP27, and pAKT. These results are critical 
because they substantiate our previous in vitro and 
in vivo studies indicating that PTEN can inhibit 
SPARC-induced upregulation of pAKT and the P38 
MAPK-MK2-HSP27 signaling pathways. This 
provides further rationale to consider targeting 
HSP27 ± AKT (depending on PTEN status) as a 
therapeutic approach to treat glioma patients. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

glioma invasion. Most specimens do not have 
adjacent normal brain tissue, and when it is present, 
it is often not of sufficient size or volume to 
assess the role of a protein in invasion, let alone to 
perform serial sections examining a number of 
proteins. We were fortunate to have a single sample 
with sufficient adjacent normal tissue having 
invading tumor cells (Figure 6). We do not know 
the PTEN genetic status of this tumor to be able to 
comment on the pAKT staining. Nonetheless, we 
can see that SPARC expression correlates with 
increases in HSP27 and its phosphorylated forms, 
consistent with our in vitro studies. 

Survival 
The overall survival (OS) curve for all patients in 
TCGA is illustrated in supplementary figure S4C. 
Also shown is the OS curve for the subset of 
patients used in this study. The OS curve is worse 
because the majority of patients in the HFH subset 
were patients with high-grade tumors.  
For the HFH subset, we examined whether patient 
OS or progression-free survival (PFS) was influenced 
by SPARC, HSP27 and its phosphorylated forms, 
and total and pAKT, as measured by signal intensity. 
There was no significant difference in OS or PFS 
based on increasing level of intensity of HSP27, 
S82HSP27, S15HSP27, or AKT (see Supplementary 
figures S6-S12). However, we did see that
 

Table 2. Correlation of protein expression. 

PTEN-WT 
 S15 S78 S82 pAKT 
S15 1.00 0.52 0.14 -0.02 
S78  1.00 0.32 0.33 
S82   1.00 0.33 
pAKT    1.00 

PTEN-Null 
 S15 S78 S82 pAKT 
S15 1.00 0.66 0.47 0.39 
S78  1.00 0.43 0.13 
S82   1.00 0.17 
pAKT    1.00 

Spearman’s correlation coefficients as a measure of the 
association between phosphorylation of HSP27 on 
serines 15, 78 or 82 and pAKT within PTEN-wild-type 
(WT) or PTEN-null tumors. A meaningful correlation 
is considered to occur at ≥ 0.30. 
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specimens used as designated normal controls for
brain tumor studies are rarely samples of truly 
normal brain. They are often brain tissue samples 
that are separately removed to gain access to 
tumor during surgery, and are designated as 
“normal brain”, but may indeed be compromised. 
Other normal brain specimens are brain tissue 
specimens removed in the treatment of other 
pathologies, such as epilepsy and brain metastases. 
Again, the normal brain may be compromised. 
The rationale for the use of these tissues as normal 
brain samples is two-fold. First, access to normal 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This study highlights the difficulties associated with 
not having truly normal brain tissues as controls 
for molecular studies, and reinforces the need to 
examine the expression of proteins directly in 
human brain tissue and tumor samples, where 
expression can be interpreted in the context of specific 
cells and associated pathologies. As a result, our 
studies show that SPARC is increased in the vast 
majority of tumors (96%), and its expression 
correlates with elevated pAKT and HSP27 and its 
phosphorylated forms in a large percentage of 
glioma specimens. It is important to point out that 
 

Figure 5. Barplots for SPARC, HSP27, S82HSP27, S78HSP27, S15HSP27, S473AKT, and AKT. For each 
antibody, the barplots illustrate the proportion of samples at each staining intensity between those cases 
diagnosed as diffuse astrocytoma, IHD-mutant (Astro-mut); diffuse astrocytoma, IHD-wild-type (Astro-wt); 
GBM, IHD-mutant (GBM-mut); and GBM, IHD-wild-type (GBM-wt). Intensity of staining is measured as 0 
(none), 1, 2, or 3 (highest). 
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Figure 6. Serial sections of H&E and immunohistochemistry for the specimen HF2701. Staining is illustrated for 
HSP27, S82HSP27, S78HSP27, S15HSP27, SPARC and pAKT in the tumor cells at the invasive edge. High 
SPARC expression in the invading tumor cells was accompanied by increased HSP27, S82HSP27, S78HSP27, 
S15HSP27, and S473AKT. Magnifications are as indicated. 
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Figure 7. Patient survival relative to SPARC, S78HSP27 and pAKT staining. Kaplan-Meier plots showing overall 
survival and progression-free survival according to the intensity of SPARC staining (top panels), according to the 
presence or absence of S78HSP27 staining (middle panels), and according to the intensity of pAKT staining (bottom 
panels). Significance is set at p ≤ 0.05. 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

brain specimens is rare. Second, it is assumed that 
the genetic changes that result in cancer will be 
different from those involved in other pathologies. 
While this is a safe assumption for some genes, it 
may not be founded for others, such as SPARC 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

and other proteins, such as HSP27, that are more
globally expressed in response to stress associated 
with many pathologies. As a result, the true increase 
in SPARC in glioma cells relative to normal brain 
is underrepresented in large databases such as 
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Figure 8. Patient survival relative to S78HSP27 and pAKT in the presence (PTEN-wt) or absence (PTEN-lost) of 
PTEN. Kaplan-Meier plots showing progression-free survival according to the intensity of S78HSP27 staining (top 
panels), overall survival according to the intensity pAKT staining (middle panels), and progression-free survival 
according to the intensity of pAKT staining (bottom panels). Significance is set at p ≤ 0.05.  
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TCGA. By examining the cells expressing SPARC
in the designated normal specimens, and eliminating 
the staining associated with normal SPARC 
expression in Bergmann glia cells and upregulated 
staining in reactive astrocytes that are associated 
with the underlying pathologies for those samples, 
our results show that SPARC is increased in tumors 
compared to normal cerebral cortex. As we have 
shown a close association between SPARC and 
HSP27, it is also not surprising to see elevated 
S82HSP27 in these designated normal tissues. 
We next determined whether increased SPARC 
expression in the human tumors was associated 
with increased HSP27 and AKT expression and/or 
phosphorylation, and if so, whether this correlated 
with PTEN genetic status. We found that SPARC 
and S82HSP27 were elevated, and this was 
independent of PTEN status. Phosphorylation of 
HSP27 and AKT increased with increasing grade. 
Independent of grade, loss of PTEN correlated 
with increases in pAKT, S15HSP27, and 
S78HSP27. These in vivo correlations support our 
in vitro and in vivo observations. 
To our knowledge, our study is the first comprehensive 
immunohistochemistry study of HSP27 and all 
three phosphorylated serine residues in infiltrating 
astrocytoma grades II-IV. Our results with HSP27 
are in agreement with or are supported by other 
studies examining the expression of this protein 
and its phosphorylated forms in different glioma 
grades. In earlier studies, Klalid et al. [28] 
immunohistochemically examined 66 tumors (grades 
II-IV), and Hitotumatsu et al. [29] studied 48 tumors 
(grades II-IV). Both groups found increasing HSP27 
expression with increasing grade. In another study, 
Strik et al. [30] found HSP27 expression in the 
majority of 44 infiltrating astrocytomas of different 
grade and histology; and an examination of 24 paired 
primary and recurrent GBMs by the same group 
showed HSP27 expression in the paired tumors [31]. 
More recently, Mälelä et al. [32] used tissue 
microarrays of 295 grade II-IV infiltrating 
astrocytomas to assess total HSP27, and found HSP27 
expression associated with increasing grade. They 
did not look at phosphorylated HSP27. Alexiou et al. 
[33] examined 9 GBMs, and they found a significant 
positive correlation between S82HSP27 and 
S15HSP27 with increased total AKT. They did not 
examine S78HSP27. In agreement, we also found 
 

that increasing HSP27 and its phosphorylation 
correlated with increased AKT and S473AKT.  
We are particularly interested in examining the 
expression of the phosphorylated HSP27s, as HSP27 
function changes depending on its phosphorylation 
status [34]. Using PTEN reconstitution to query 
SPARC-induced signaling through HSP27 
upregulation and phosphorylation, we found that 
PTEN could inhibit SPARC-induced upregulation 
of pMK2 and S78HSP27 [20]. As our in vivo 
studies show, PTEN is capable of suppressing 
SPARC-induced tumor invasion [25]. These 
combined studies implicate SPARC-induced HSP27 
phosphorylation on S78 with the invasive phenotype. 
The present study demonstrates a strong association of 
S78 with S15 and S82, suggesting phosphorylation at 
these sites may also contribute to the function of 
HSP27 in invasion. 
One drawback to immunohistochemical studies is 
that it is difficult to relate intensity of expression of 
one protein relative to another because of inherent 
sensitivities of antibodies and variations in conditions 
used to gain access to epitopes that may render one 
phosphorylation site more accessible than others. 
It is also possible that phosphorylation at one or 
multiple sites may inhibit the binding of an antibody 
that detects unphosphorylated HSP27, which 
could lead to the false conclusion that no HSP27 
is present. Therefore, it is interesting to note that 
for some tumors where total HSP27 is negative, 
there is still a signal for a phosphorylated form of 
HSP27. These results reinforce the need to look at 
total and phosphorylated HSP27. 
Our research supports the contention that increased 
SPARC induces signaling through the upregulation 
of the P38 MAPK-MK2-HSP27 signaling axis, 
and this is augmented by the loss of PTEN. As we 
have evaluated SPARC signaling relative to tumor 
grade and specifically to PTEN signaling, we 
wondered if our data and interpretation of results 
would be impacted by the change in the WHO 
classification system. Interestingly, the major 
restructuring is based on IDH genetic status [5]. As it 
turns out, PTEN mutations rarely occur concurrently 
with IDH mutation in the same tumor. Indeed, in 
our tumor subset, they were mutually exclusive. 
Reclassifying our tumors according to the new 
WHO system, we found that the mutation of IDH1 
(PTEN-wild-type) correlated with lower expression 
of total and phosphorylated HSP27 and total and
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Although we found an interesting association 
between increasing S78HSP27 expression and 
increased progression-free survival in a PTEN-null 
background, this was not associated with enhanced 
overall survival. Overall, PTEN status does not 
influence HSP27 and pAKT signaling relative to 
patient survival. 
The rationale for HSP27 as a therapeutic target 
has been established for several cancer types 
including breast [36] and prostate cancer [37]. In 
addition, rationale for the inhibition of AKT signaling 
through PI3K inhibition is well established [38]. 
However, a major hurdle for glioma patient 
treatment is that many drugs that successfully treat 
other cancer types cannot cross the blood brain 
barrier to access tumor. Fortunately, the drug 
buparlisib, a PI3K inhibitor does cross the blood 
brain barrier [38], as does the p38MAPK inhibitor 
SB239063, which has been used to treat stroke 
patients [39, 40]. These drugs provide agents for 
initial testing our proposed treatment strategy. 
 
CONCLUSION 
In conclusion, we have previously demonstrated 
that SPARC can promote invasion, which is 
associated with the upregulation of HSP27 and its 
phosphorylation at three serine residues. These 
studies support the contention that HSP27 is a 
target to suppress SPARC-induced glioma invasion 
and a target to increase patient survival. We have 
also shown that PTEN can suppress SPARC-induced 
invasion in vivo and signaling in vitro. It is clear 
from this study of human infiltrating astrocytomas 
that the loss of PTEN correlates with increased 
signaling through AKT and HSP27, supporting 
our model and the proposed therapeutic targeting 
of HSP27 in SPARC+/PTEN-wild-type tumors or 
HSP27 and pAKT in SPARC+/PTEN-null tumors 
in the treatment of glioma patients to prevent 
SPARC-induced tumor invasion. 
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pAKT. Interestingly, Mälelä et al. [32] also found 
that increasing HSP27 expression with increasing 
tumor grade correlated significantly with decreased 
percentage of tumors having IDH1 mutation. Like 
PTEN, IDH1 status had no correlation with SPARC 
expression. We could therefore include IDH status 
in our proposal to say that SPARC+/PTEN+/IDH- 
tumors should be therapeutically treated by 
targeting HSP27, whereas SPARC+/PTEN-/IDH+ 
tumors should be targeted for both pHSP27 and 
pAKT. Furthermore, as IDH wild-type status also 
correlates with increased total and phospho-HSP27, 
those SPARC-positive tumors wild-type for both 
PTEN and IDH may also benefit by targeting 
HSP27. Thus, any SPARC-positive tumor that is 
positive for PTEN, independent of IDH status, 
may benefit from targeting HSP27. 
Our research has focused on identifying therapeutic 
approaches to inhibit or suppress brain tumor 
invasion. Based on our signaling model (Figure 1), 
we propose that tumors that are SPARC+/PTEN-
null would be more invasively aggressive due to 
increased HSP27 and its phosphorylated forms, 
and as a consequence, the patients harboring these 
tumors would have shorter overall survival. In 
agreement with a previous publication [35], we 
found that increasing SPARC expression correlated 
with decreasing overall patient survival, and 
additionally progression free survival. However, 
we found no correlation between intensity of 
HSP27 expression and overall survival, whether in 
a PTEN-wild-type or PTEN-null genetic background. 
While Mälelä et al. [32] found that HSP27 
expression was associated with a shorter rate of 
survival when combining tumors of all grade, they 
did not see a correlation when looking at each grade 
separately. As our study is largely comprised of 
GBMs, we do not have the ability to assess survival 
over all grades, but our data would agree with the 
results that no change in survival is attributed to 
total HSP27 status in grade IV tumors. Also, we 
found that increasing pAKT was associated with 
decreasing patient survival, as would be expected, 
and this was independent of PTEN status.  
Although we found no correlation between total 
HSP27 expression and survival, we did find that 
any expression of S78HSP27 correlated with shorter 
survival, suggesting that targeting HSP27, and 
thereby S78HSP27, would enhance patient survival.
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Supplementary figure S1. Immunohistochemistry controls for HSP27, pS82HSP27, pS78HSP27, and pS15HSP27.
Control negative and positive tissues used for both immunohistochemistry runs. Control sections were from brain 
tumor samples used in this study (HF2324 and HF2900) and from primary lung cancer specimens (Lung Cancer 1 
and Lung Cancer 2). Magnifications as indicated. 
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Supplementary figure S2. Immunohistochemistry controls for SPARC, AKT, p473AKT, and PTEN. Control negative
and positive tissues used for both immunohistochemistry runs. Control sections were from brain tumor samples 
used in this study (HF1057, HF2625, and HF2501), and from a primary lung cancer specimen (Lung Cancer 1). 
Magnifications as indicated. 
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Supplementary figure S3. Barplots of staining intensity by grade. The barplots illustrate the proportion of samples per 
antibody at each staining intensity in the 21 independent normal brain samples compared to that observed in tumor-adjacent 
normal brain tissue present in the different grades of glioma samples. Levels of expression of HSP27, S78HSP27, 
S15HSP27, PTEN, AKT, and pAKT are low in independent normal brain tissues, but have increased levels in tumor-adjacent 
normal brain. SPARC and S82HSP27 are higher in independent normal brain tissues and tumor-adjacent normal brain. 
 

Supplementary table S1. Patient profile and sample size for grade, immunohistochemistry, and 
PTEN and IDH status. 

PTEN Status IDH Status Tumor 
Grade Histology Immuno In 

TCGA WT MUT Total 
Known WT MUT Total 

Known 
II A 6 2 1 1 2 1 1 2 
III AA 14 10 8 2 10 8 2 10 
IV GBM 82 75 45 18 63 57 6 63 
Subtotal n    54 21  66 9  
Total n  102 87   75   75 

Abbreviations: A, astrocytoma; AA, anaplastic astrocytoma; GBM, glioblastoma; Immuno, immunohistochemistry; 
W, wild-type; MUT, mutant. 
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Supplementary figure S4. cBioPortal oncoprint of genetic alterations. A. Genetic alterations associated with PTEN, 
IDH1, IDH2, HSPB1, and SPARC for the 1084 glioma samples in TCGA and those associated with the HFH samples 
used in this study. (For legibility, the majority of TCGA cases without any alterations are omitted.) The HFH subset is 
representative of the whole set. B. cBioPortal illustration for PTEN mutations for the 1084 glioma samples in TCGA and 
those associated with the HFH samples used in this study. The subset is representative of the whole set. C. cBioPortal overall 
survival curves for the 1084 glioma samples in TCGA and those associated with the HFH samples used in this study. The 
overall survival for patients in the subset is notably less that that for patients in the whole set. This is due to the high proportion 
(82%) of grade IV glioma used in this study relative to the proportion (53%) used in the pan-glioma cohort at TCGA. 
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Supplementary figure S6. Patient survival relative to SPARC staining. Kaplan-Meier plots showing overall survival and 
progression-free survival according to the intensity of SPARC staining (top panels) and according to the presence or 
absence of SPARC staining (bottom panels). Significance is set at p ≤ 0.05. 

Supplementary figure S5. Heatmaps by PTEN status. Heatmaps for HSP27, S82HSP27, S78HSP27, S15HSP27, 
S473AKT, AKT and SPARC illustrate protein expression patterns based on maximum signal intensity (MSI). 
Tissues are ordered first by Mutant PTEN versus WT (wild-type) PTEN, and then by HSP27. 
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Supplementary table S3. Immunohistochemistry: antibodies and materials and methods. 

Primary 
Antibodya 

Retrievalb Blockc 

(Biocare) 
Dilutiond 

(Biocare) 
Catalog 
Number 

Company 

SPARC** Citrate 10% NH, A/B 
 

0.5 µl in 10 ml of 0.25% 
BSA; 60 min 

AON5031 Heamatologic 
Technologies Inc. 

HSP27** Diva A/B 1:800 in 1:1; 45 min 2402 Cell Signaling 

S15HSP27* Citrate A/B 1:25 in 1:1; 120 min SPA-525 Assay Designs/  
Enzo Life Sciences 

S78HSP27* Diva A/B 1:100 in 1:1; 75 min CS2405 Cell Signaling 

S82HSP27* EDTA A/B 1:2.5K in 1:1; 60 min CS2401 Cell Signaling 

PTEN ** Citrate Sniper 7, A/B 1:300 in Renoir Red; 45 min CM 278 
AK, BK 

Biocare 
 

AKT*** Citrate Sniper 7, A/B 1:700; 60 min CS4685 Cell Signaling 

S473 AKT*** Citrate Sniper 7, A/B 1:700; 60 min CS4060 Cell Signaling 

Immunohistochemistry was performed using a Biocare Nemesis instrument and Biocare reagents unless indicated otherwise. 
aPrimary antibodies: *polyclonal, **mouse monoclonal, ***rabbit monoclonal 
bRetrieval methods:  

a.  Citrate: Sections were incubated for 10 min in 3% hydrogen peroxide, immersed in 10 mM tris buffered saline 
(TBS; pH 6.0) and boiled for 10 min, and then cooled for 20 min. Sections were rinsed 3 times in phosphate 
buffered saline (PBS) solution. 

b.  EDTA: Sections were incubated for 10 min in 3% Hydrogen Peroxide, immersed in EDTA Buffer (pH 8.0) 
and boiled for 10 min, then cooled for 20 min. 

c.  Diva: Slides were immersed in Biocare’s Diva Decloaker and retrieved in Biocare’s Decloaking Chamber 
at 80°C for 30 min. 

cBlocking: For SPARC: NH - normal horse serum 
dDilution: Antibodies are diluted in Background Sniper (Biocare) at ratio indicated, except for SPARC and PTEN. 
Secondary and Tertiary antibodies: Sections were incubated using Biocare’s Universal 4plus Streptavidin HRP 
Detection Kit, according to the manufacturer’s instructions. 
Detection: Finally, the sections were washed, reacted with diaminobenzidine (DAB) in 0.1 M Tris buffer (pH 7.6) 
with 0.03% hydrogen peroxide, followed by rinsing in tap water, counterstaining with hematoxylin, and mounting. 
Negative controls were performed omitting the primary antibody and substituting with the Universal Negative 
Control Serum designed to work with both monoclonal and polyclonal antibodies and with any of Biocare’s mouse 
and/or rabbit streptavidin kits. 

Supplementary table S2. Mutation and copy number (CN) among 
cases with known PTEN status. PTEN function loss is assumed for cases 
in the shaded cells. 

 PTEN-WT PTEN-MUT Total 

Putative CN:  -2  3 0 3 

Putative CN:  -1  44 20 64 

Putative CN:   0  7 1 8 

Total 54 21 75 
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Supplementary figure S8. Patient survival relative to S82HSP27 staining. Kaplan-Meier plots showing overall 
survival and progression-free survival according to the intensity of S82HSP27 staining (top panels) and according 
to the presence or absence of S82HSP27 staining (bottom panels). Significance is set at p ≤ 0.05. 
 

Supplementary figure S7. Patient survival relative to HSP27 staining. Kaplan-Meier plots showing overall survival 
and progression-free survival according to the intensity of HSP27 staining (top panels) and according to the presence or 
absence of HSP27 staining (bottom panels). Significance is set at p ≤ 0.05. 
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Supplementary figure S9. Patient survival relative to S78HSP27 staining. Kaplan-Meier plots showing overall 
survival and progression free survival according to the intensity of S78HSP27 staining (top panels) and according 
to the presence or absence of S78HSP27 staining (bottom panels). Significance is set at p ≤ 0.05. 

Supplementary figure S10. Patient survival relative to S15HSP27 staining. Kaplan-Meier plots showing overall 
survival and progression-free survival according to the intensity of S15HSP27 staining (top panels) and according 
to the presence or absence of S15HSP27 staining (bottom panels). Significance is set at p ≤ 0.05. 
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Supplementary figure S11. Patient survival relative to AKT staining. Kaplan-Meier plots showing overall survival 
and progression-free survival according to the intensity of AKT staining (top panels) and according to the presence 
or absence of AKT staining (bottom panels). Significance is set at p ≤ 0.05. 

Supplementary figure S12. Patient survival relative to pAKT staining. Kaplan-Meier plots showing overall 
survival and progression-free survival according to the intensity of pAKT staining (top panels) and according to the 
presence or absence of pAKT staining (bottom panels). Significance is set at p ≤ 0.05. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SPARC, HSP27, AKT and PTEN as glioma therapeutic targets                       123 

  

Supplementary figure S13. Patient survival relative to PTEN genetic status. Kaplan-Meier plots showing overall survival and 
progression-free survival according to the presence (PTEN-wt) or absence (PTEN-lost) of PTEN. Significance is set at p ≤ 0.05. 
 

Supplementary figure S14. Patient survival relative to SPARC intensity or its presence or absence in PTEN-wild-
type (PTEN-wt) versus PTEN-null (PTEN-lost) tumors. Kaplan-Meier plots showing overall survival (top panels) 
and progression-free survival (bottom panels). Significance is set at p ≤ 0.05. 
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Supplementary figure S15. Patient survival relative to HSP27 intensity or its presence or absence in PTEN-wild-
type (PTEN-wt) versus PTEN-null (PTEN-lost) tumors. Kaplan-Meier plots showing overall survival (top panels) 
and progression-free survival (bottom panels). Significance is set at p ≤ 0.05. 
 

Supplementary table S4. PTEN genetic status by 
intensity of PTEN expression. 

 0 1 2 3 

PTEN WT 4 10 10 4 

PTEN MUT 1 4 5 4 

 

Supplementary table S5. PTEN genetic status by 
grade. 

 II III IV 

PTEN WT 1  
(50%) 

8  
(80%) 

45 
 (71%) 

PTEN MUT 1  
(50%) 

2 
(20%) 

18 
 (29%) 

 

Supplementary table S6. PTEN genetic status by 
IDH genetic status. 

 IDH WT IDH MUT 
PTEN WT 45 (68%) 9 (100%) 
PTEN MUT 21 (32%) 0 (0%) 

Supplementary table S7. IDH genetic status by grade. 

 II III IV 
IDH WT 1 (50%) 8 (80%) 57 (90%) 
IDH MUT 1 (50%) 2 (20%) 6 (10%) 

Supplementary table S8. IDH1 genetic status by 
intensity of SPARC expression. 

 0 1 2 3 
IDH WT 3 9 15 39 
IDH MUT 0 0 5 4 
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Supplementary figure S16. Patient survival relative to S82HSP27 intensity or its presence or absence in PTEN -wild-type 
(PTEN-wt) versus PTEN-null (PTEN-lost) tumors. Kaplan-Meier plots showing overall survival (top panels) and 
progression-free survival (bottom panels). Significance is set at p ≤ 0.05. 
 

Supplementary figure S17. Patient survival relative to S78HSP27 intensity or its presence or absence in PTEN-wild-type 
(PTEN-wt) versus PTEN-null (PTEN-lost) tumors. Kaplan-Meier plots showing overall survival (top panels) and 
progression-free survival (bottom panels). Significance is set at p ≤ 0.05. 
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Supplementary figure S19. Patient survival relative to AKT intensity or its presence or absence in PTEN-wild-
type (PTEN-wt) versus PTEN-null (PTEN-lost) tumors. Kaplan-Meier plots showing overall survival (top panels) 
and progression-free survival (bottom panels). Significance is set at p ≤ 0.05. 
 
 

Supplementary figure S18. Patient survival relative to S15HSP27 intensity or its presence or absence in PTEN-wild-type 
(PTEN-wt) versus PTEN-null (PTEN-lost) tumors. Kaplan-Meier plots showing overall survival (top panels) and 
progression-free survival (bottom panels). Significance is set at p ≤ 0.05. 
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