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Percentage of mesenchymal stem cells in high-grade 
glioma tumor samples correlates with patient survival

Glioblastoma (GBM) is a recalcitrant disease, as patients 
with GBM survive on average only 14 months despite 
maximal treatment.1,2 The outcome of patients with GBM 
can vary depending on patient and tumor characteristics.3 
Age, Karnofsky performance scale (KPS) score, and extent 
of resection are the most significant clinical predictors of 
survival for patients with GBM.4–6 Expression of epidermal 

growth factor receptor variant III, methylation of the O6-
methylguanine DNA methyltransferase (MGMT) promoter, 
and mutations in isocitrate dehydrogenase genes (IDH1 
and IDH2) have been identified as molecular prognostic 
factors.7–11

The tumor microenvironment is also critical in deter-
mining the biological behavior of solid tumors, including 
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Abstract
Background.  Human mesenchymal stem cells (hMSCs) have been shown to reside as stromal cells in human glio-
mas as glioma-associated hMSCs (GA-hMSCs), but their biological role remains unclear. Because recent evidence 
indicates that GA-hMSCs drive tumor cell proliferation and stemness, we hypothesized that a higher percentage of 
GA-hMSCs in tumors predicts poor patient prognosis.
Method. We determined the percentage of cells coexpressing GA-hMSC markers CD105+/CD73+/CD90+ from 
patients with newly diagnosed high-grade glioma and analyzed the association between this percentage and over-
all survival (OS) in 3 independent cohorts: fresh surgical glioblastoma specimens (cohort 1, N = 9), cultured tumor 
specimens at passage 3 (cohort 2, N = 28), and The Cancer Genome Atlas (TCGA) database.
Results.  In all cohorts, patient OS correlated with the percentages of GA-hMSCs in tumors. For cohort 1, the 
median OS of patients with tumors with a low percentage of triple-positive cells was 46 months, and for tumors 
with a high percentage of triple-positive cells, it was 12 months (hazard ratio [HR] = 0.24; 95% CI: 0.02–0.5, P = .02). 
For cohort 2, the median OS of patients with tumors with a low percentage of GA-hMSCs was 66 months, and for 
tumors with a high percentage, it was 11 months (HR = 0.38; 95% CI: 0.13–0.9, P = .04). In the database of TCGA, the 
median OS times in patients with high and low coexpression levels of CD105/CD73/CD90 were 8.4 months and 13.1 
months (HR = 0.4; 95% CI: 0.1–0.88; P = .04), respectively.
Conclusions. The percentage of GA-MSCs inversely correlates with OS, suggesting a role for GA-MSCs in promot-
ing aggressive behavior of gliomas.
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GBM.12 Although astrocytes, endothelia, and microglia are 
traditionally thought to make up the microenvironment of 
gliomas,13 recent evidence indicates that gliomas may also 
contain mesenchymal stem cells (MSCs), recruited either 
from local brain sources or from the bone marrow.14,15 MSCs 
are stem cells that were originally isolated from the bone 
marrow. Most recently, MSCs have been shown to reside in 
all organs, including the brain,16 as part of the perivascular 
niche.16 MSCs are characterized by their ability to grow as 
spindle-shaped cells in culture, their coexpression of CD105, 
CD73, and CD90, their lack of expression of CD45, CD34, and 
CD133, and their ability to undergo tri-mesenchymal differ-
entiation into adipocytes, chondrocytes, and osteocytes.17

In solid tumors, MSCs have been shown to potentiate 
tumor progression or regression by releasing paracrine 
signals.18–22 Using the same methods developed for cultur-
ing bone marrow MSCs, we recently isolated and cultured 
human MSCs (hMSCs) from a large number of surgically 
resected high-grade gliomas, which we called glioma-
associated hMSCs (GA-hMSCs). We showed that these 
GA-hMSCs were not tumorigenic but were capable of 
increasing the proliferation, stemness, and tumorigenicity 
of glioma-initiating cells (GICs), which are the cells respon-
sible for glioma formation and recurrence after treatment. 
The effects of GA-hMSCs were mediated through the secre-
tion of interleukin-6, which activates signal transducer and 
activator of transcription 3 in GICs.15 Similar results have 
been reported by others using glioma cell lines.23

Despite these laboratory findings, however, it remains 
unclear whether the presence of GA-MSCs in tumor sam-
ples alters the prognosis of patients with GBM. Given our 
translational studies, we hypothesized that tumors with 
higher percentages of GA-hMSCs would be more aggres-
sive and would be associated with shorter overall survival 
(OS) compared with gliomas with lower percentages of 
GA-hMSCs. To test this hypothesis, we isolated GA-MSCs 
from surgical high-grade glioma specimens, based on 
coexpression of the MSC markers CD105 (Endoglin), CD73 
(NT5E), and CD90 (THY1) and determined their fraction in 
the tumor mass (cohort 1)  or in culture tumors (passage 
3, cohort 2). In both of these cohorts, we found that higher 
percentages of GA-hMSCs correlated with poorer OS. We 
further validated this result using The Cancer Genome Atlas 
(TCGA) and found a similar association between high coex-
pression of MSC marker genes and poor patient outcome.

Patients and Methods

Patients

During the study period of September 2005 to May 2015, 
tumors from 48 consecutive patients operated on for 
the resection of glioma were analyzed for GA-hMSCs. 
Tumors from patients with a previous history of low-
grade glioma and secondary transformation glioma were 
excluded (n = 5), as were patients with recurrent disease 
(n = 8) or those with insufficient follow-up (n = 3). The 
remaining 32 patients with newly diagnosed primary 
supratentorial high-grade glioma met the inclusion crite-
ria and were included. Clinical data were obtained from 
the Department of Neurosurgery Prospective Database 

at The University of Texas M.D. Anderson Cancer 
Center (M.D. Anderson). All study participants provided 
informed consent according to an institutional review 
board–approved protocol (LAB04-0001).

Brain Tumor Specimens and Cohorts

Tumor specimens (N = 32) were obtained directly from the 
operating room and were assessed by a neuropathologist 
(Table 1). In 4 patients, the tumors were made into single 
cell suspensions and analyzed by flow cytometry analysis 
only. In 5 patients, the tumor was divided into 2 parts, with 
one part being made into a single cell suspension for flow 
cytometry analysis and the other part used to establish in 
vitro cultures within 4 h of tumor removal. In the remain-
ing 23 patients, the specimen was used only to establish cul-
tures within 4 h of tumor removal. Therefore, 2 cohorts were 
available for analysis—cohort 1 included tumor specimens 
that were directly assayed by flow cytometry for the percent-
age of MSCs without any culturing of the specimen (cohort 
1, N = 9). The second cohort included tumor specimens that 
were cultured for 3 passages and then the cultured cells 
were assayed by flow cytometry for the percentage of MSCs 
(cohort 2, N = 28). Twelve of these specimens were reported 
previously (see Table 1 and Hossain et al15).

Flow Cytometry Analysis of High-Grade Glioma 
Surgical Specimens

Tumor specimens were washed twice in serum-free mini-
mal essential medium–alpha (MEM-α) (Mediatech), minced, 
dissociated, and passed through a series of cell strainers. 
Single cells were resuspended in phosphate-buffered saline 
(PBS) and counted in a Vi-Cell machine (Beckman Coulter); 5 
× 105 cells were resuspended in 100 µL of fluorescence acti-
vated cell sorting (FACS) buffer (PBS with 10% fetal bovine 
serum) and incubated at 4°C for 30 min with phycoerythrin-, 
fluorescein isothiocyanate-, and Alexa Fluor 647- (Molecular 
Probes), or allophycocyanin-conjugated antibodies against 
human CD105, CD90 (both from eBioscience), CD73, CD34, 
CD45 (BD Biosciences), and CD133 (Miltenyi Biotech). Cells 
were analyzed (20 000 events/sample) using a FACSCalibur 
(BD Biosciences) flow cytometer equipped with BD 
CellQuest Pro software v5.1.1 (Apple).

In vitro Culture of Glioma-Associated 
Mesenchymal Stem Cells

Tumor specimens were cultured as described by Pittenger 
et al24 for isolation of bone marrow MSCs (BM-hMSCs), but 
modified for whole tissues. After dissociation, single cells 
were resuspended in “standard MSC medium,” composed 
of MEM-α plus 10% certified fetal bovine serum (Lonza), 
2 mM L-glutamine (50 U/mL; Mediatech), and penicillin–
streptomycin (50 U/mL–50 mg/mL; Flow Laboratories); 
2 × 106 live cells were plated in 75 cm2 flasks. After 24 h, 
nonadherent cells were removed by 2 washes with PBS, 
and adherent cells were cultured to confluence. Cells were 
trypsinized (0.25% trypsin with 0.1% EDTA) and subcul-
tured at a density of 5000 cells/cm2 through 3 passages. 
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Cell cultures were observed/photographed using a Zeiss 
Axiovert 200 microscope with a digital camera (Zeiss 
AxioCam MRc) and XCAP-Plus software v2.1 (Epix).

Differentiation Protocols

GA-MSCs were differentiated into osteocytes, adipocytes, 
and chondrocytes using induction and maintenance media 
from Lonza, according to the manufacturer’s protocol. For 
detection of osteogenic or adipogenic differentiation, cells 

were stained with 40 mM Alizarin Red or with Oil Red O, 
respectively. For chondrogenic differentiation, pelleted 
specimens were formalin fixed/paraffin embedded, and 
sections were stained using Safranin O. BM-hMSCs were 
a positive control.

Immunohistochemistry

Immunohistochemistry for IDH1-R132H was done on 
5-micron-thick formalin-fixed/paraffin-embedded tumor 

Table 1  Characteristics of 32 patients with high-grade glioma

Patient  Age (years) Pathology IDH1
Mutation
Status

KPS 
score on 
Admission

EOR (%) Fraction of 
GA-MSCs in 
Tissue (%)

Fraction of  
GA-MSCs in  
Culture at  
Passage 3 (%)

Survival
(mo)

Status

1 58 GBM M 90 100 1.1 nd 15 D

2 45 GBM WT 90 100 3.7 nd 54 D

3 29 GBM M 90 91 5.1 nd 38 D

4 53 GBM nd 80 95 12.6 nd 17 D

5* 45 GBM WT 100 100 0.7 4.4 67 A

6 24 GBM M 100 100 2.5 16.4 22 D

7 70 GBM nd 80 95 8.9 65.9 5 D

8* 59 GBM WT 90 100 9.3 84.5 10 D

9 55 GBM nd 90 95 19.5 92.3 14 D

10* 41 AA nd 100 100 nd 2.0 110 A

11* 54 AA M 100 100 nd 4.0 96 A

12* 32 AA M 90 91 nd 9.7 66 D

13 55 GBM WT 60 54 nd 16.4 2 D

14 67 GBM WT 90 99 nd 20.7 15 D

15* 60 GBM WT 90 100 nd 22.0 46 D

16* 36 AA M 100 100 nd 24.8 73 A

17 22 AA M 100 100 nd 25.0 15 A

18 34 GBM M 100 85 nd 25.4 27 A

19* 30 AA WT 100 96 nd 27.7 97 A

20 75 GBM WT 90 100 nd 29.0 11 D

21 60 GBM WT 90 100 nd 30.2 11 D

22 66 GBM WT 100 100 nd 33.0 6 D

23 44 GBM nd 80 100 nd 44.2 2 D

24 72 GBM WT 100 100 nd 44.4 5 D

25 56 GBM WT 80 51 nd 44.8 14 D

26* 68 GBM nd 100 100 nd 46.3 10 D

27 32 GBM nd 90 100 nd 49.3 17 D

28* 33 AA WT 90 76 nd 53.0 83 A

29 48 GBM WT 90 80 nd 55.1 10 D

30 61 GBM WT 90 100 nd 64.2 30 A

31* 49 GBM WT 90 100 nd 71.9 25 A

32* 63 GBM WT 90 100 nd 78.9 47 A

Abbreviations: A, alive at the time of last follow-up; D, dead at the time of last follow-up; EOR, extent of resection; M, positive IDH1 mutation status; 
nd, not done; WT, wild type.
Cohort 1 = patients 1–9 (N = 9).
Cohort 2 = patients 5–32 (N = 28).
*These specimens were reported previously by Hossain at el.15
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sections. Antigen retrieval was performed in citrate buffer 
(pH 6.0) in a microwave oven. Antibody specific for the 
mutant IDH1-R132H protein (dil 1:100, H09, Dianova) was 
used. Secondary antibody labeled with the streptavi-
din biotin kit (Universal) was used as a detection system 
(Dako). A senior pathologist (G.N.F.) blinded to the survival 
analysis evaluated the results of the immunostaining.

Statistical Analysis

M.D. Anderson Cohort Outcome Analysis. Data are pre-
sented as the mean±SD or the median (range). Patients’ 
characteristics were analyzed using Fisher’s exact test 
for determining their association with the fraction of 
cells coexpressing CD105, CD73, and CD90. The frac-
tion of cells coexpressing CD105, CD73, and CD90 
was determined for each surgical specimen (cohort 1,  
N = 9) and for each cultured specimen (cohort 2, N = 28). 
X-tile software v3.6.1 (Yale University) was used to iden-
tify the optimal cutoff of the fraction of triple-positive cells 
that generated 2 populations that were significantly dif-
ferent in OS. Based on this cutoff, the patients were sep-
arated into high and low coexpressing groups. OS was 
defined as the time from diagnosis to time of death or last 
day of follow-up. The estimated median for OS was deter-
mined by the Kaplan–Meier method, using the log-rank 
test to compare groups. The median survival as a function 
of the fraction of cells coexpressing CD105, CD73, and 
CD90 was determined using Somer’s Dyx rank correlation 
with censored data. The individual and joint association 
of predictor variables with OS was assessed using Cox 
proportional hazards regressions. Survival analyses for 
the M.D. Anderson patient cohort employed GraphPad 
Prism 6 software and Spotfire S+ 8.2 for Windows (TIBCO 
Software), while the remaining analyses employed SPSS 
software v21.

TCGA Cohort Outcome Analysis. Gene expression data 
(level 3) and the clinical data of the 507 glioblastoma 
patients in TCGA were downloaded from the data portal 
of TCGA (https://tcga-data.nci.nih.gov/tcga/dataAccessMa-
trix.htm).25 Patients with excisional biopsy or undefined 
surgical treatment were excluded, leaving 414 patients 
whose tumors were resected and were included in the 
analysis. A gene-based Kaplan–Meier analysis was per-
formed to assess OS among patients’ normalized expres-
sion values of Endoglin (CD105), NT5E (CD73), and THY 
(CD90). The normalized values were separated into quin-
tiles. Expression values were analyzed separately and then 
the OS times of patients sharing expression values in the 
highest quintile of Endoglin, NT5E, and THY were com-
pared with those of patients sharing expression values in 
the lowest quintile of these genes using the log-rank test.

Results

The M.D. Anderson Cohorts

Thirty-two tumor specimens from patients with newly 
diagnosed supratentorial high-grade glioma were included 
in the study (Table 1). The mean age of the patients was 

49.9 ± 15 years, and their median KPS score was 90 (range, 
60–100). They all underwent tumor resection, with a mean 
extent of resection of 94 ± 12.5% (range, 51%–100%).

Analysis of GA-hMSCs in Specimens Before 
Culture (Cohort 1)

Fresh surgical tumor specimens from 9 patients were dis-
sociated (see “Patients and Methods”), and single cells 
were analyzed by flow cytometry for the coexpression of 
the MSC markers CD105, CD73, and CD90 within 4 h of 
tumor removal (cohort 1, N = 9). Cells coexpressing all 3 
markers (triple-positive), consistent with the definition of 
GA-hMSCs, were identified in all the specimens, indicat-
ing that GA-hMSCs exist in high-grade gliomas before 
culturing (Table 1, specimens 1–9). The average fraction 
of triple-positive cells was 7.04 ± 6.2%. Importantly, the 
fraction of triple-positive cells varied among specimens, 
with a range as low as 0.7% and as high as 19.5% (Table 
1), indicating that the percentage of GA-hMSCs varies 
among tumors.

The median OS duration for the patients in this cohort, 
with surgical specimens that were analyzed before cul-
ture (N = 9), was 17 months (95% CI: 11.2–22.8 mo). There 
was an inverse correlation between patient survival and 
the fraction of cells coexpressing CD105, CD73, and CD90  
(n = 9; Somer’s Dyx rank correlation coefficient = −0.39; 
95% CI: −0.74 to −0.04), suggesting an association 
between a high fraction of GA-hMSCs and a poor survival 
outcome (Fig. 1A). An X-tile plot analysis (see “Patients 
and Methods”) revealed that patients with tumors har-
boring a low percentage of triple-positive cells (defined 
as ≤5.1%) had a statistically significant survival advantage 
compared with patients whose tumors harbored a high 
percentage of triple-positive cells (>5.1%). Specifically, 
the estimated median OS for patients with tumors con-
taining a low-percentage of triple-positive cells was 
46 months, whereas the estimated median OS for patients 
with tumors containing a high percentage of triple-posi-
tive cells was 12 months (hazard ratio [HR] = 0.24; 95% CI: 
0.02–0.5, P = .02; Fig. 1B).

Analysis of GA-hMSCs in Glioma Specimens 
After Culturing (Cohort 2)

We aimed to demonstrate the correlation between the 
fraction of triple-positive cells and OS in a larger cohort 
of patients available from our institution. We previously 
reported that GA-hMSCs can be cultured from glioma 
specimens using the same protocols that have been used 
to culture bone marrow hMSCs (Hossain et al).15 We also 
previously reported that the percentage of triple-positive 
cells (ie, GA-hMSCs) varied from culture to culture when 
assayed at passage 3, a point in the culture process-
ing where the cellular debride from the specimen was 
gone, but the culture still contained a mixture of pheno-
typically different cell types. We therefore hypothesized 
that we could use the percentage of triple-positive cells 
(GA-hMSCs) at passage 3 as a surrogate for the percent-
age of GA-hMSCs in tumor specimens before culturing. 
To test this hypothesis, we graphed the percentage of 

https://tcga-data.nci.nih.gov/tcga/dataAccessMatrix.htm
https://tcga-data.nci.nih.gov/tcga/dataAccessMatrix.htm
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triple-positive cells in culture at passage 3 as a function of 
the percentage of triple-positive cells in the original uncul-
tured specimen using 5 tumors for which we had both 
measurements of GA-hMSCs. Consistent with our previ-
ous report,15 we found a statistically significant positive 
correlation between the percentage of triple-positive cells 
in culture and the percentage of triple-positive cells in the 
original uncultured specimen (N = 5, r = 0.9; 95% CI: 0.07 to 
0.99, P = .039; Fig. 2A, Table 1).

Based on this correlation, 28 specimens were cultured for 
GA-hMSCs using the protocol of Pittenger et al24 (includ-
ing the 5 specimens that were also characterized before 
culture) (Table 1). Twelve of these glioma specimens were 
previously reported.15 In all cases, cells resembling MSCs 
were identified. Consistent with the definition of MSCs, 
these cells were spindle-shaped (Fig. 3A) and adherent to 
the plastic dish. Most samples were further cultured after 
passage 3, demonstrating that the cells could be subcul-
tured multiple times. Flow cytometric analysis showed 
that they coexpressed CD105, CD73, and CD90 (Fig. 3B 
and 3C) and were negative for CD45, CD34, or CD133 (Fig. 
3D). The median percentage of triple-positive cells in the 
cultures was 31.62%, with a range of 2%–92.3% (N = 28, 
Table 1, specimens 5–32). Finally, all cultured cells could 

be differentiated into at least 2 of the 3 mesenchymal cell 
types, namely osteocytes (Fig. 3E), adipocytes (Fig. 3F), 
and chondrocytes (Fig. 3G), when they were exposed to 
the appropriate differentiation media.

Using this well-characterized cohort of tumors, we ana-
lyzed the correlation between patient survival and the 
fraction of cells coexpressing CD105, CD73, and CD90, as 
measured in culture (N = 28). An inverse correlation sug-
gested an association between a high fraction of cells 
coexpressing CD105, CD73, and CD90 and a short survival 
time (Somer’s Dyx rank correlation coefficient = −0.24; 
95% CI: −0.54 to 0.07), supporting our initial observation 
(Fig. 2B). Similar to cohort 1, in this second larger cohort 
(N = 28), an X-tile plot analysis revealed that patients 
with tumors harboring a low percentage of triple-positive 
cells (defined as ≤29% of cultured cells) had a statistically 
significant survival advantage compared with patients 
whose tumors harbored a high percentage of triple-pos-
itive cells (>29%). Specifically, the estimated median OS 
for patients with a low percentage of triple-positive cells 
in culture was 66 months and the estimated median OS 
for patients with a high percentage of triple-positive cells 
in culture was 11 months (N = 28; HR = 0.38; 95% CI: 0.13–
0.9, P = 0.04; Fig. 2C).

Fig. 1  High percentage of GA-MSCs in fresh surgical specimens predicts poor overall survival of patients with high-grade glioma. (A) A correla-
tion between the percentage of triple-positive (CD105+/CD73+/CD90+) cells identified in high-grade glioma fresh surgical specimens and patients 
OS (Somer’s Dyx rank correlation coefficient = −0.39; 95% CI: −0.74 to −0.04). (B) Kaplan–Meier survival curves in patients with low (≤5.1%) and high 
percentage of triple-positive (CD105+/CD73+/CD90+) cells (log-rank test, P = .02).
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In a univariate Cox regression analysis, a high fraction of 
cells coexpressing CD105, CD73, and CD90 (P = .05), older 
age (P = .01), KPS score ≤80 (P = .003), and a pathology of glio-
blastoma (P = 0.02) predicted short-term survival, whereas 
IDH1 mutation status (P = .18) did not. In a multivariate Cox 
proportional hazards model including the fraction of cells 
coexpressing CD105, CD73, and CD90, age, KPS score, and 
the type of pathology, a good performance score on admis-
sion was the only variable (KPS score >80; HR = 4.37; 95% 
CI: 1.21–15.8, P = .03) associated with long OS. The fraction 
of cells coexpressing CD105, CD73, and CD90 (HR = 1.23; 
95% CI: .39–3.87, P = .73), age (HR = 1.03; 95% CI: .98–1.08,  
P = .24), and type of pathology (HR = 7.79; 95% CI: .79–76.69, 
P = .08) were not independent predictors of OS in this mul-
tivariate analysis. However, in a further analysis, we found 
that anaplastic astrocytoma (AA) as well as IDH1-mutated 
tumor samples were associated with a fraction of triple-
positive cells that fell below the defined cutoff (Fisher’s 
exact test; P = .03 and P = .02, respectively), supporting our 
hypothesis that the fraction of triple-positive cells in high-
grade glioma inversely correlates with OS. In fact, 6 of the 7 
patients with AA and all patients with IDH1-mutated tumors 
(N = 6) were found in the group of patients with a low frac-
tion of triple-positive cells (Table 1). This finding is what 
would be expected given that AA and IDH1 mutations are 
associated with favorable outcome.

TCGA Dataset Cohort

To further demonstrate our findings in a larger, independ-
ent cohort, we used the dataset of TCGA. Of 414 patients 
included in our analysis, 170 were male and 244 were 
female, with a mean age of 57.9 ± 14.53 years and a median 
KPS score of 80 at diagnosis. Initially, we performed a Cox 
regression analysis to determine whether there was an 
association between the expression levels of the individ-
ual GA-hMSC marker genes and survival outcomes. Gene 
expression of Endoglin (CD105; P = .29), NT5E (CD73; P = 
0.4), and THY1 (CD90; P = .18), when evaluated indepen-
dently, showed no significant correlation with patient sur-
vival. To determine whether coexpression levels of all 3 MSC 
markers—Endoglin (mean normalized expression level 5.8 
± 0.55; range, 4.67–8), NT5E (mean normalized expression 
level 7.42 ± 1.37; range, 4.09–11.96), and THY1 (mean normal-
ized expression level 8.2 ± 1.14; range, 4.01–10.87)—corre-
lated with survival, we compared the outcomes of patients 
with coexpression levels in the highest quintile with those 
in the lowest quintile. Of 414 patients, 18 coexpressed 
Endoglin, NT5E, and THY1 in the lower quintile of gene 
expression, and 10 coexpressed the 3 markers in the highest 
quintile (Fig. 4A, B). Kaplan–Meier survival plots for patients 
with high (highest quintile) and low (lowest quintile) lev-
els of Endoglin, NT5E, and THY1 gene coexpression were 

Fig. 2  A high percentage of GA-MSCs in the culture of surgical specimens predicts poor OS of patients with high-grade glioma. (A) A corre-
lation between the percentage of triple-positive (CD105+/CD73+/CD90+) cells identified in high-grade glioma fresh surgical specimens and the 
percentage of triple-positive cells identified in culture (assayed at passage 3) derived from the specimen (r = 0.9). (B) A correlation between the 
percentage of triple-positive (CD105+/CD73+/CD90+) cells identified in high-grade glioma in culture and patients’ OS (Somer’s Dyx rank correla-
tion coefficient = −0.24; 95% CI: −0.54 to 0.07). (C) Kaplan–Meier survival curves in patients with low (≤29%) and high percentage of triple-positive 
(CD105+/CD73+/CD90+) cells (log-rank test, P = 0.04).
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significantly different (HR = 0.4; 95% CI: 0.1–0.88; P = .04). 
Patients with high gene coexpression levels had a median 
OS of 8.4 months compared with 13.1 months for patients 
with low gene coexpression (Fig. 4C). We evaluated the ages 
and KPS scores of patients with high and low levels of gene 
coexpression and found that those with high levels of triple 
gene expression were older (mean age, 64.4 ± 4.3 y) than 
those with low levels (mean age, 51.76 ± 3.5 y; P = .03). The 
median KPS scores at diagnosis did not differ between the 
groups (P = .25), nor did the distribution of IDH1 mutation (P 
= .5) or MGMT methylation status (P = .64).

In a Cox regression analysis, only the low quintile of 
Endoglin, NT5E, THY1 gene coexpression predicated long-
term outcome (HR = 2.8; 95% CI: 0.1–7.5; P = .04). In con-
trast, age (HR = 1.0; 95% CI: 0.98–1.0; P = .37), KPS score 
(HR = 0.98; 95% CI: 0.96–1.0; P = .14), MGMT methylation 
status (HR = 0.96; 95% CI: 0.34–2.7; P = .94), and IDH1 muta-
tion status (HR = 0.85; 95% CI: 1.9–3.8; P = .83) were not 
associated with survival in this selected cohort.

Discussion

We and others have shown previously that GA-hMSCs exist 
as stromal cells in human high-grade gliomas based on cell 
morphology, triple marker positivity (CD105/CD73/CD90), 
and tri-mesenchymal differentiation of cultured human 
specimens.14,15 We have also shown that GA-MSCs are not 

themselves tumorigenic but are stromal cells that enhance 
the proliferation and stemness of GICs.15 We now show, 
based on 2 cohorts of patients in which GA-hMSCs were 
identified either in the initial tumor before culture or in cul-
tures of tumors at passage 3, and based on a third larger 
cohort from the dataset of TCGA, that the percentage of 
GA-hMSCs in gliomas varies from tumor to tumor and that 
patients with high percentages of GA-MSCs in their tumors 
have a worse OS than those with a low percentage, indicat-
ing that the fraction of GA-MSCs in the tumor mass is prog-
nostic, and suggesting that the cellular composition of the 
microenvironment of gliomas influences patient outcome.

Tumor-associated MSCs (TA-MSCs) have been identified 
in other solid tumors.26–30 Along with endothelial cells and 
immune cells, TA-MSCs form the stroma of solid tumors, 
due to their well-documented natural tropism for develop-
ing tumors.30,31 Moreover, MSCs have been shown to influ-
ence tumor behavior.32,33 MSCs enhance tumor growth 
and tumor invasion in epithelial cancer subtypes such as 
colon,34 lung,35 breast,26,28 skin,36 and prostate.29 They may 
also contribute to establishment of distant metastases29,34,37 
and may enhance resistance of cancer cells to chemother-
apy. In contrast to this tumor-promoting role, MSCs were 
found to have a tumor-suppressive role in a Kaposi’s sar-
coma model,22 adding to the complexity of tumor–MSC 
interactions. Despite these findings, little is known about 
the presence of MSCs in glioblastomas or their role in that 
microenvironment. Traditionally, the stroma of gliomas was 

Fig. 3  Characterization of tumor-associated mesenchymal stem cells (MSCs) isolated from glioblastoma surgical specimens. (A) In culture, spin-
dle-shape appearance of GA-MSCs. Bar, 50 µm. (B) Representative flow cytometry analysis for positive markers: CD73 (left field), CD90 (middle 
field), and CD105 (right field). (C) Triple-positive (CD105+/CD73+/CD90+) cells are shown in Fig. 1C. (D) Representative flow cytometry analysis for 
negative markers: CD45 (left field), CD34 (middle field), and CD133 (right field). Differentiation of GA-MSCs into osteocytes (E, calcium deposits in 
red; bar, 200 µm), adipocytes (F, fat droplets in red; bar, 200 µm), and chondrocytes (G, cartilage in purple; bar, 100 µm).
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thought to consist of vascular cells, microglia, immune cells, 
and neural progenitors.13 However, here and in a recent 
study,15 we demonstrated the presence of cells coexpress-
ing CD105, CD73, and CD90, consistent with GA-hMSCs. 
The identification of such cells in fresh glioblastoma surgi-
cal specimens eliminates the possibility of their being arti-
facts resulting from culturing conditions and strengthens 
the observation that such populations exist within gliomas. 
Moreover, when cultured, GA-MSCs appeared as spindle-
shaped cells adhering to the plastic dish, coexpressing MSC 
markers, as seen in the uncultured cells (see Fig. 3),17 and 
capable of tri-mesenchymal differentiation.24 These charac-
teristics all agree with the International Society for Cellular 
Therapy's definition of MSCs,17 indicating that GA-hMSCs 
are part of the glioma microenvironment.

Because the fraction of GA-MSCs identified in the surgi-
cal high-grade glioma specimens varied among patients, 
we hypothesized that this fraction was associated with 
patient survival. This hypothesis is supported by our recent 
finding that GA-MSCs alter the biological behavior of GICs 
by increasing their proliferation and self-renewal capac-
ity,15 suggesting a tumor-promoting role for GA-hMSCs 
in glioma. Consistent with this concept, we now show for 
the first time that a high percentage of GA-hMSCs in fresh 
glioma specimens (N = 9) and in cultured glioma speci-
mens (N = 28) correlates with worse survival and marks 
gliomas with aggressive clinical behavior. Analyses of 
both cohorts identified a fraction of GA-MSCs above which 
there was a statistically significant worsening of survival. 
Importantly, the fraction of GA-MSCs was a predictor of 
survival in univariate analysis, along with age, KPS score, 
and the type of pathology. In multivariate analysis, only 
KPS score remained an independent predictor of survival. 
Nevertheless, in samples derived from patients with a less 

aggressive disease, namely those with AA pathology or 
IDH mutation, the fraction of GA-MSCs was statistically 
significantly lower than in patients with more aggressive 
disease, such as GBM or IDH wild-type glioma. Intriguingly, 
in contrast to previous reports that found that mutated 
IDH1 correlated with favorable prognosis in large popula-
tions of GBM patients, IDH1 mutation status was not asso-
ciated with prognosis in our cohort, probably because of 
the small number of IDH-mutant GBM tumors in our cohort 
and possibly because of statistical interactions with the 
percentage of GA-hMSCs in this relatively small cohort.

To demonstrate our finding of an inverse relationship 
between the fraction of GA-MSCs in the tumor and the sur-
vival of glioma patients, in a larger and independent cohort, 
we performed a gene-based survival outcome analysis using 
the dataset of TCGA. When analyzed individually, expression 
of the 3 MSC surface markers did not correlate with survival. 
However, when all 3 markers were analyzed together (as a 
surrogate for coexpression on MSCs), high and low coex-
pression of triple markers predicted shorter and longer OS, 
respectively, thus supporting our initial observation. The 
analysis of TCGA also allowed us to examine the predictive 
role of known molecular factors such as IDH1 mutation and 
MGMT methylation. Neither of these covariates predicted 
survival outcome in our selected cohort, whereas the levels 
of Endoglin, NT5E, and THY1 gene coexpression did. These 
findings suggests that the coexpression level of the triple 
marker is an independent predictor of survival; however, 
this result should be evaluated with caution because of the 
small sample size. To our knowledge, this is the first time the 
database of TCGA has been used to study the glioblastoma 
microenvironment as a determinant for patient outcomes. 
However, because whole surgical specimens were used in 
this TCGA analysis, we cannot know what fraction of individ-
ual cells expressed the 3 surface markers simultaneously. 
Regardless, our data are compelling and provide impetus 
for further studies on GA-MSCs in malignant gliomas.

Although this study does not address the reason the frac-
tion of GM-MSCs in high-grade glioma is associated with 
clinical outcome, in a recent paper15 we suggested that 
GA-MSCs increased proliferation and self-renewal of GICs 
at least partly by secreting the cytokine interleukin-6 and by 
activating signal transducer and activator of transcription 
3. GA-MSCs may also promote angiogenesis by recruiting 
endothelial progenitor cells and by facilitating blood vessel 
formation.38 Both mechanisms provide a biological basis 
underlying our observation that increased percentages of 
GA-hMSCs are associated with worse clinical outcome.
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