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CHAPTERR 6. 

Prognosticc value of plasma Transforming Growth 
Factor-pp in patients with glioblastoma multiforme 

MCCMM Hulshof, P Sminia, AD Barten-van Rijbroek, D Gonzalez Gonzalez 

Oncologyy Reports 8: 1107-1110; 2001 

Abstract t 
Wee investigated whether the postoperative concentration of circulating 
Transformingg Growth Factor beta (TGF-(3) yields prognostic value in patients with 
glioblastomaa multiforme (gbm). Blood was collected from 20 healthy volunteers 
andd in twenty-eight patients with mainly glioblastoma multiforme (gbm), both 
beforee radiotherapy, during and after 4 weeks of irradiation. Both latent and active 
TGF-66 were quantified directly in the blood plasma using a bioassay with mink 
lungg epithelial cells transfected with a plasminogen activator inhibitor-1 promotor 
luciferasee construct. The average plasma concentration of TGF-6 
beforeradiotherapyy for gbm patients was 26.2 ng/ml, which was significant higher 
fromm normal controls (16.2 ng/ml, p=0.02). No correlation was found between 
TGF-66 and survival, nor between plasma TGF-8 and the diameter of the 
postoperativee contrast-enhancing lesion. The pattern of plasma TGF-6 during 
radiotherapyy did not correlate with the clinical course of patients, nor with the 
fractionationn scheme. Plasma TGF-6 did not reveal a clinical useful prognostic 
valuee for gbm patients, which is partly due to the large variation in TGF-6 plasma 
levelss between individual patients. 

Introductio n n 
Transformingg Growth Factor beta (TGF-8) is a multifunctional protein, which is 
involvedd in the regulation of cell growth, the regulation of extracellulair matrix 
depositionss and in immunosuppressive activity (1). TGF-6 is considered to play a 
criticall  role in the development of late radiation damage (2). Its role in cell growth 
couldd be of influence in the progression to malignancy (3-5). TGF-6 is produced by 
malignantt glioma cell lines in vitro (6-10) and is considered to play a role in 
invasionn of glioma cells into the normal brain (11). In patients with 
adenocarcinomaa of the prostate, a correlation was found between plasma TGF-6 
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levelss and extracapsular disease and metastasis (12). In both lung and breast cancer 
patients,, increased circulating plasma TGF-B levels declined after therapy and an 
abovee normal TGF-B during follow-up was associated with a higher risk for 
recurrencee (13,14). These observations suggest that plasma TGF-B may be a useful 
tumorr marker. Plasma levels of TGF-B were significantly increased in glioblastoma 
(gbm)) patients compared to controls (15). The objective of the present study was to 
investigatee whether the amount of circulating TGF-B yields prognostic value in 
patientss with gbm 

Material ss and methods 
BloodsamplingBloodsampling and study population 
Bloodsampless were taken from 28 patients with proven malignant glioma referred 
forr radiotherapy (RT). All patients during the entry period were asked for the study 
withoutt selection on patient characteristics. There were 25 patients with a 
glioblastomaa multiforme (gbm), 2 with an anaplastic astrocytoma and 1 with an 
anaplasticc oligodendroglioma. Mean age was 55 year and mean Karnofsky 
performancee was between 60-70. All patients had complete follow-up for survival 
analysis.. Four patients survived more than 2 year, and two patients were still alive 
att the end of data analysis at 40 and 45 months. Survival was calculated from date 
off  surgery. Radiation schemes were either 66 Gy in 6,6 weeks daily fractionation 
(n=ll  1) for prognostic favorable patients or 28 Gy in 11 days with fraction doses of 
77 Gy (n=17) for poor prognosis patients. Prognostic selection was mainly based on 
performancee score (< 70) and age (>60 years). Three patients were not irradiated 
becausee of severe clinical deterioration before start of irradiation and in two 
patientss radiation was interrupted. Tumor size was determined on the planning CT 
scann (postoperative) and defined as the maximum diameter of contrast-enhancing 
area.. Median interval between surgery and planning CT scan was 28 days. A 
clinicall  deterioration was scored as any decrease in neurological performance or 
increasedd need for corticosteroids between surgery and start of irradiation. Clinical 
deteriorationn before start of irradiation was found to be a prognostic factor in this 
seriess (16). Bloodsamples were taken at start of treatment (n=28), in the third week 
off  irradiation (n=8, only for the 6,6 weeks regime), at the end of the radiation 
periodd (n=27) and at 4 weeks after irradiation (n=16). Blood was collected in 5 ml 
K3EDTA-tubess and centrifuged for 10 min. at 3000 g. The top 1 ml of plasma 
supernatantt was then stored at -35 °C until assayed for TGF-|3. 
DeterminationDetermination ofTGF-fi in human plasma. 

TGF-66 concentration was measured in a bioassay with Mink Lung Epithelial Cells 
(MLEC)) stable transfected with an expression construct containing a truncated 
plasminogenn activator inhibitor-1 promotor fused to the firefly luciferase reporter 
genee (17,18). The MLEC were cultured in high-glucose DMEM (Gibco BRL, Life 
Technologies,, Eur.) supplemented with 10% fetal calf serum, 2mM L-glutamine 
(Gibcoo BRL, Lif e Technologies, Eur.) and 250 (ig/ml geneticin sulphate (Gibco 
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BRL,, Life Technologies, Eur.) before use. Twice a week, cells were harvested 
usingg 0.05% trypsin in 0.02% EDTA (Gibco BRL, Life Technologies, Eur) and 
seededd into a new culture flask. For the assay, 2.5 * 104 transected MLEC were 
platedd in 96-well tissue culture dishes, were allowed to attach for 4 h at 37°C and 
5%% C02 incubator. For acid activation of latent TGF-6, both TGF-6 stock solution 
(Genzyme,, Cambridge, MA, USA) and plasma samples were diluted to 230 jLtl in 
DMEM/0.1%% BSA (Gibco BRL, Life Technologies, Eur.). Then, samples were 
activatedd by addition of 10 u.1 1M HC1 and incubated for 60 minutes at 4°C. After 
thee incubation, samples were neutralized with 10 \x\ 0.75M NaOH, diluted with 250 
|LLll  DMEM/BSA and added to the MLEC's. Following 16.5 h. incubation, cells 
weree washed with PBS and were extracted with 30 jxl lysis buffer (Boehrringer 
Mannheim,, Germany) for 20 minutes at room temperature. Twenty |LL1 of the cell 
extractt was transferred to a black microliter 96 well plate and 75 \i\ substrate 
solutionn was added (Promega, Benelux). The luciferase signal in the cell extract 
wass quantified as Relative Light Units (RLU) with a luminometer (Topcount 
topics,, Packard). The active TGF-6 concentration was estimated from a standard 
curvee generated with known concentrations of active TGF-61 in the range of 0.4 to 
22 ng/ml. The specificity of the assay has been tested, showing that the major part of 
TGF-66 activity measured in human plasma represents TGF-61 activity (18). 
StatisticalStatistical analysis 

Plasmaa samples were measured in triplicate, in 2 to 4 separate assays and TGF-6 
levelss were expressed as mean  standard deviation. An increase or decrease of 
TGF-- 6, during or after RT, was defined as a change in value of more than two 
timess the standard deviation, as calculated from the control group. Values of 
malignantt glioma patients and of normal controls (19) were compared using the 
unpairedd two tailed Student's t-test. The relationship between TGF-6 plasma levels 
obtainedd in the same patient prior to and following radiotherapy was quantified on 
basiss of Pearsons' correlation coefficient ® for significance at the 0.01 level. 
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Results. . 
TGF-66 plasma levels in patients with gbm, anaplastic glioma (no-gbm) and 
controlss patients were 26.2 + 3.5 ng/ml, 22.9 + 4.3 ng/ml and 16.2  6.4 ng/ml. The 
valuess in the control patients were significantly different for both the gbm 
(p=0.019)) as the no-gbm group (p=0.003). The values between the gbm and 
anaplasticc tumors did not differ significantly (p=1.00) and for that reason were 
mergedd for further analysis. Mean TGF-6 after a nearly total resection, a partial 
resectionn or a biopsy as stated by the neurosurgeon, was 37 ng/ml, 24 ng/ml and 23 
ng/mll  respectively (total versus partial: p=0.12). No significant correlation was 
foundd between TGF-B and survival (correlation factor 0.13, fig. 1) nor between 
TGF-66 and postoperative tumor size (correlation factor 0.1). 

Figg 1. TGF-P plasma values in relation to survival. 
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Thee mean TGF-6 values for patients who were clinical deteriorating (n=14) or 
clinicallyy stable (n=13) between first visit and start of irradiation, were 25.1 + 4.2 
ng/mll  and 27.2 + 4.6 ng/ml respectively, which was not significantly different 
(p=0.78,, fig 2). The changes in TGF-6 values during radiotherapy and follow-up 
weree followed (table 1). It was found that patients showing a stabilization or 
decreasee of TGF-6 values (n=16) had higher initial values compared to patients 
withh an increase (n=ll , p=0.08). However, the pattern of TGF-6 was not predictive 
forr median survival (p=0.37), which was respectively 9.1 and 7 months. The 
changess of TGF-6 values were compared between both radiotherapy schemes. In 
thee 2 Gy per fraction group, mean values were 29.1 (before irradiation), 20.3 (at the 
end)) and 27 ng/ml (at 4 weeks) and in the 7 Gy per fraction group 23, 21.5 and 
22.33 ng/ml respectively, which was not significantly different (p=0.89). 
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Figg 2. TGF-P plasma levels in relation to the postoperative clinical course of the patients. 

Forr better visualization we used different symbols for each patient 
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Tablee 1. Changes of TGF-B values during and after radiotherapy related to initial values and 
survival. . 

TGF-B B 

duringg RT 

TGF-B B 
during g 
follow-up p 

Initiall  TGF-B 

inn ng/ml 

Mediann survival in months 

Stable e 

Stable e 

Decrease e 

Decrease e 

Stable e 

Decrease e 

Stable e 

Decrease e 

24.22 + 2.3 

30.4+12.8 8 

22.1+7.9 9 

44.6+11.7 7 

7.33 + 2.6 

30.00 + 21 

18.33 + 7.6 

77 + 1.7 

7.55 + 4.8 

10.00 + 4.2 

4.11 + 1.3 

Increase e 

Increase e 

Stable e 

Increase e 

Stable e 

Increase e 

17.99 + 2.5 

16.00 + 3.6 

17.8++ 12.2 
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Discussion n 
Thee present study shows a higher postoperative plasma TGF-6 level in patients 
withh gbm compared to healthy controls, although there was a considerable range of 
plasmaa TGF-6 values. Neither the postoperative level of TGF-6 nor the changes of 
TGF-66 during and after RT gave evidence that plasma TGF-6 revealed significant 
clinicall  prognostic value in this small group of patients with gbm tumors. However, 
sincee gbm patients tends to have a uniform poor prognosis, with very few patients 
livingg more than two years, many more patients than included in this series would 
bee necessary to identify a small effect of a new prognostic marker. 
Inn agreement with the presented data in glioma patients, elevated plasma TGF-6 
levelss were reported in glioblastoma patients (15), as in 61% to 83% of breast 
cancerr patients (13,20). However, again in agreement with our glioma data, no 
relationn was found between TGF-6 level and tumor stage in breast cancer patients 
(19,21)) and TGF-6 did not alter after surgical excision of a breast tumor (19). 
Thesee results suggest that the tumor itself is not mainly responsible for the TGF-6 
plasmaa level. It is well documented that TGF-6 is secreted by malignant glioma 
cellss (6,10,22) but also by many other cell types in vivo, including endothelial 
cells,, macrophages, fibroblasts and microglia (6,7,8,23,24)]. However, no analyses 
aree available on the contribution of tumor produced TGF-6 to the plasma level in 
relationn to the contribution of other cell types. It is also known that a large number 
off  different cells demonstrate an increase of TGF-6 secretion under pathologic 
conditions.. E.g. TGF-6 is expressed by microglia after cerebral stab wounding, 
peripherall  nerve transection, multiple sclerosis and experimental autoimmune 
neuritiss (7,25-27). Unfortunately, in the present series only postoperative values 
weree obtained so that the influence of the operation itself on TGF-6 level could not 
bee analyzed. Literature is not conclusive about the role of TGF-6 in case of a 
malignantt process invading the normal surrounding brain tissue (28). During this 
pathologicall  process TGF-6 is produced by several cell types and hence, it is 
difficul tt to distinguish the exact expression of TGF-6 by tumor cells and its role in 
tumorr progression. Elevated plasma levels may be an indicator of an ongoing 
pathologicall  process, and absolute bloodvalues may vary considerably between 
individuall  patients. Although radiation will kill a substantial amount of malignant 
cellss and hence an expected decrease of the TGF-6 production, the ongoing 
pathologicall  process and immune reaction may be activated. Satoh et al. even 
observedd in glioma cell lines in vitro a tendency to an increase of TGF-6 secretion 
perr cell following irradiation (9). The release of TGF-6 in the plasma will be 
dependentt on the balance between these processes and hence blood plasma levels 
aree too non-specific to interpret with respect to tumor sterilization. In summary, the 
resultss of the present study do not indicate plasma TGF-6 as a clinical useful 
prognosticc marker in gbm patients, although the number of patients is small. There 
iss evidence that TGF-6 is produced by malignant glioma in vivo, but also by 
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severall  other cell types in response to pathologic conditions which makes the 
plasmaa level too non-specific to be used as a prognostic marker. 
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