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A B S T R A C T

The neuronal intermediate filament alpha internexin (INA) is expressed in most gliomas

with 1p19q codeletion and could represent a valuable prognostic marker in clinical rou-

tine. INA expression was analysed on 409 gliomas and correlated with histology, progres-

sion free survival (PFS), overall survival (OS), genomic profile assessed by CGH-array,

IDH1/IDH2 mutation and p53 expression. INA was expressed in 59% of grade II oligoden-

drogliomas (n = 73), 45% of grade III oligodendrogliomas (n = 133), 15% of grade II oligoas-

trocytomas (n = 61), 12% of grade III oligoastrocytomas (n = 41), 23% of glioblastomas with

oligodendroglial component (n = 31), 0% of grade I astrocytomas (n = 3), 0% of grade II

astrocytomas (n = 14), 6% of grade III astrocytomas (n = 17) and 0% of glioblastomas

(n = 36). INA expression was detected in 85% of gliomas with complete 1p19q codeletion

(‘true 1p19q signature’) (n = 85) versus 15% of gliomas without 1p19q codeletion

(n = 245), including 14% of gliomas with variable/partial 1p19q deletion (‘false 1p19q signa-

ture’) (n = 72) (p < 0.0001). INA was expressed by 43% of gliomas with IDH1 mutation

(n = 197) versus 12% of gliomas without IDH1 mutation (n = 156) (p < 0.0001). In oligoden-

droglial gliomas (n = 240), INA expression specificity for 1p19q codeletion was 80%, sensi-

tivity 85%, positive predictive value 70%, and negative predictive value was 91%.

Combining INA and p53 expressions improved INA predictive accuracy for 1p19q codele-

tion. In grade III gliomas, INA expression was associated with longer PFS (42.1 versus

10.2 months, p = 0.0007) and longer OS (124.6 versus 20.6 months, p = 0.0001). In conclu-

sion, INA expression is a fast, cheap and reliable prognostic marker, and represents a sur-

rogate marker for 1p19q complete codeletion.
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1. Introduction

Current histological classification of gliomas is still based

on subjective criteria – both for phenotype determination

and grading. It lacks reproducibility and precision in terms

of prognosis, particularly for grade II/III gliomas. Genetic

subtyping of a given histological phenotype and robust bio-

markers has improved the prognostic assessment: the chro-

mosome arms 1p/19q codeletion characterises a subtype of

oligodendroglial tumours with better prognosis and higher

chemosensitivity.1,2 More recently, IDH1 (more rarely IDH2)

mutations have been found in nearly 40% of gliomas and

strongly predict better outcomes.3–7 Using gene expression
Table 1 – INA expression, 1p19q loss, IDH1 mutation and p53 e

INA expression 1p19

Pilocytic astrocytoma (n = 3) 0% (0/3) 0% (
Grade 2 astrocytoma (n = 14) 0% (0/14) 0% (
Grade 3 astrocytoma (n = 17) 6% (1/17) 0% (
Glioblastoma (n = 36) 0% (0/36) 0% (
Glioblastoma with
oligodendroglial component (n = 31)

22% (7/31) 0% (

Grade 2 oligodendroglioma (n = 73) 59% (43/73) 49%
Grade 3 oligodendroglioma (n = 133) 45% (60/133) 55%
Grade 2 oligoastrocytoma (n = 61) 15% (9/61) 6% (
Grade 3 oligoastrocytoma (n = 41) 12% (5/41) 6% (

Total 409 329

Fig. 1 – Two examples of anaplastic oligodendrogliomas: histop

(immunohistochemistry) (c,d); genomic profile (e,f) analysed wit

Illumina). Anaplastic oligodendroglioma with ‘true 1p19q signat

proliferation – c: diffuse intracytoplasmic expression of INA – e:

whole 19q chromosome arm (bottom) with a centromeric break

1p19q signature’ (b,d,f): b: Oligodendroglial proliferation with va

absence of expression of internexin alpha with a residual neuro

partial loss of 1p (top; the arrow showing the breakpoint) and t

(bottom).
arrays we have shown that 1p19q codeleted gliomas

(mostly oligodendrogliomas) express preferentially neural

genes. We found that alpha internexin (INA) was one of

the most differentially expressed genes between 1p19q

codeleted and EGFR amplified gliomas.8 INA is a proneural

gene located on 10q24.33, encoding a neurofilament inter-

acting protein. A retrospective study on 112 gliomas has

shown that INA expression was tightly related to 1p19q

codeletion and was also predictive of good outcome in ana-

plastic oligodendrogliomas (OIII) and anaplastic oligoastro-

cytomas (OAIII).9 The aim of the present study was to

assess the diagnostic and prognostic value of INA expres-

sion in a series of 409 adult gliomas.
xpression according to histology.

q loss EGFR amp. IDH1 mutation p53 expression

0/3) 0% (0/3) 0% (0/3) 33% (1/3)
0/12) 8% (1/12) 46% (6/13) 71% (10/14)
0/15) 20% (3/15) 53% (8/15) 76% (13/17)
0/35) 40% (13/32) 20% (7/34) 60% (21/35)
0/27) 15% (4/27) 41% (12/29) 88% (23/26)

(29/59) 0% (0/59) 69% (40/58) 28% (19/67)
(51/93) 12% (11/93) 53% (61/115) 37% (32/86)
3/53) 2% (1/53) 79% (39/49) 60% (36/60)
2/35) 14% (5/35) 63% (24/38) 71% (23/38)

329 353 346

athological findings (HE) (a,b); INA expression analysis

h high density SNP beadchip (ref HumanCytoSNP-12,

ure’ (a,c,e) – a: typical honeycomb pattern with microvascular

the genomic profile shows the loss of whole 1p (top) and

point (arrows). Anaplastic oligodendroglioma with ‘false

scular hyperplasia and high mitotic activity (not shown) – d:

n labelled by the antibody. – f: the genomic profile shows the

he complete loss of both19p and 19q chromosomes arms
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2. Materials and methods

INA immunohistochemistry was performed on histological

sections of formalin-fixed paraffin-embedded tumor samples

in a series of 409 adult patients with gliomas, which included

the previously published 112 cases.9 The clinical annotations

were retrieved from the database of the Pitié-Salpêtrière neu-

rooncology department. Patients provided written informed

consent for this study.

INA immunohistochemistry was carried out on 3 lm thick

paraffin embedded sections of formalin-fixed tumor samples

using an antibody directed against the neuronal intermediate

filament internexin alpha (INA) (Novus Biologicals, Interchim,

diluted 1/100) as previously described.9 The immunolabelling

technique was performed by a BenMark XT automated tissue

staining systems (Ventana Medical Systems Inc.). Only INA

positive intracytoplasmic crescents or paranuclear dots were

considered. The percentages of INA positive cells were

evaluated semi-quantitatively as follows: <10%, 10–24%;

25–50%, >50%. INA immunohistochemistry was considered

positive only when more than 10% of the cells were positive.

In positive cases, the labelling could involve most of the tu-

mor cells (‘diffuse’ labelling), cluster of cells (‘clustered’) or

isolated cells (‘sparse’). Isolated entrapped INA positive neu-
rons or axons were not considered. Slides were read by KM

according to the above criteria.

p53 immunohistochemistry, CGH-array analysis and IDH1/

IDH2 mutation assessment were performed as previously de-

scribed.10–12 Most of the 1p19q codeletions were detected with

BAC-array11; other were analysed with high density SNP bead-

chip (ref HumanCytoSNP-12, Illumina) that features approxi-

mately 300,000 genetic markers. These techniques identified

complete 1p/19q codeletion-referred here as ‘true 1p19q sig-

nature’ – from variable 1p (typically 1p36) and 19q partial

deletions, – referred here as ‘false 1p19q signature’ or ‘1p19q

like’.

Histology, 1p19q codeletion status assessed by CGH-array,

IDH1 mutation status, EGFR amplification assessed by

CGH-array, and p53 expression of INA positive and INA nega-

tive tumours were compared. Chi-square tests were used to

compare the number of INA positive cases in the various tu-

mour groups. Progression free survival (PFS) and overall sur-

vival (OS) in OIII and OAIII of cases with INA positive and

INA negative tumours were compared. OS was defined as

the time from diagnosis to death or last follow-up. PFS was

defined as the time from diagnosis to recurrence or last fol-

low-up. Patients lost for follow-up were censored on the last

known day of life. Kaplan–Meier methods were used to obtain
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survival curves, and a two-sided Log rank test was used to

compare strata. A multivariate Cox regression model was

used to adjust the effect of INA expression on OS or PFS for

age, type of surgery, Karnofsky Performance Status (KPS),

postoperative treatment, 1p19q status according to CGHa,

IDH1 mutation, EGFR amplification. Independent covariates

were selected by stepwise methods.

3. Results

The histology, INA expression, 1p19q codeletion status,

IDH1 mutation status and p53 expression of the 409 glio-

mas are reported in Table 1. INA expression was detected

in 59% of grade II oligodendrogliomas (OII), 45% of grade

III oligodendrogliomas (OIII), 15% of grade II oligoastrocyto-

mas (OAII), 12% of grade III oligoastrocytomas (OAIII), 23%

of glioblastomas with an oligodendroglial component

(GBMO), 0% of grade I astrocytomas (AI), 0% of grade II

astrocytomas (AII), 6% of grade III astrocytomas (AIII) and

0% of glioblastomas (GBM).

IDH1 mutation analysis could be performed in all 409

samples, p53 immunohistochemistry in 346 samples and

CGH-array analysis in 329 samples. CGH-array could distin-

guish clearly ‘true 1p19q signature’ from ‘false 1p19q signa-

ture’ (Figs. 1 and 2). INA expression according to histology

(oligodendroglial versus astrocytic tumours), 1p19q codele-
tion, IDH1 mutation, EGFR amplification and p53 expression

are reported in Table 2. INA expression was tightly related

to pure oligodendroglial phenotype (p < 10)4), to 1p19q codele-

tion (p < 10)4) and to IDH1 mutation (p < 10)4) whereas it was

negatively correlated with EGFR amplification (p = 0.002) and

p53 expression (p < 10)4). In oligodendroglial tumours (OII,

OIII, OAII and OAIII, n = 240), INA expression specificity for

1p19q codeletion was 80% (125/156), sensitivity 85% (72/85),

positive predictive value 70% (72/103), and negative predictive

value 92% (125/138). Combining INA and p53 expressions im-

proved INA predictive accuracy for 1p19q codeletion: 53/68

cases with positive INA and negative p53 expression had a

1p19q codeletion (positive predictive value = 78%) versus only

2/131 cases with negative INA and positive p53 expression

(negative predictive value = 98.5%). Seventy-two gliomas dis-

played a ‘false’ 1p19q codeletion (variable partial deletions

or gains involving 1p and 19q) that could have been misinter-

preted as a ‘true’ one if the LOH technique had been used. INA

expression was negative in 86% (62/72) of these cases (Figs. 1

and 2). INA expression was inversely correlated with the loss

of chromosome 10q (that contains le gene encoding INA on

10q24.33) (p < 10)4). This may merely reflect the fact that ‘true’

1p19q codeletion and loss of chromosome 10q are mutually

exclusive (p < 10)4). In fact, when the true 1p19q codeletion

was excluded, there was no correlation between INA expres-

sion and 10q deletion (Fig. 2).



Fig. 2 – INA expression according to the genomic profile of

the gliomas assessed by CGH array. Each column corre-

sponds to a sample. Lines correspond to probes located on

chromosomes 1, 10 and 19. Yellow colour indicates normal

genomic copy number, green indicates a loss (see the loss of

1p and 19q) and red indicates a gain. The order of the

samples, from left to right, is the following: gliomas with a

true 1p19q codeletion (loss of the whole 1p and the whole

19q), gliomas with a false 1p19q codeletion or 1p19q ‘like’

(variable partial deletions or gains involving 1p and 19q that

might be misinterpreted as a true 1p19q codeletion when

using the LOH technique, particularly when a few probes are

used). On the top of the figure, black indicates positive and

white negative INA expression. (For interpretation of the

references to colour in this figure legend, the reader is

referred to the web version of this article.)

Table 2 – INA expression according to oligodendroglial
phenotype, 1p19q loss, IDH1 mutation, EGFR amplification
and p53 expression; the p value refers to the Chi square test.

Positive INA expression
(% of samples)

Pure oligodendroglioma
Yes (n = 206) 103 (50%) p < 10)4

No (n = 203) 22 (11%)
1p19q codeletion
Yes (n = 85) 73 (85%) p < 10)4

No (n = 244) 38 (15%)

IDH1 mutation
Yes (n = 197) 85 (43%) p < 10)4

No (n = 156) 19 (12%)

EGFR amplification
Yes (n = 38) 2 (5%) p = 0.0002
No (n = 291) 109 (37%)

p53 expression
Yes (n = 182) 29 (16%) p < 10)4

No (n = 164) 72 (43%)

Fig. 3 – Progression free survival in anaplastic gliomas

according to INA expression. Continuous line = INA–, bro-

ken line = INA+; p = 0.0007.

Fig. 4 – Overall survival in anaplastic gliomas according to

INA expression. Continuous line = INA–, broken line = INA+;

p = 0.0001.
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The impact of INA expression was evaluated on survival of

grade 3 and grade 4 gliomas (follow-up was insufficient in

grade 2 gliomas). INA expression was not associated with im-

proved PFS or OS in grade 4 patients, but only 7 out of the 61

patients were positive. In grade 3 gliomas (OIII, OAIII, AIII,

n = 125), INA expression was associated with longer PFS

(42.1 versus 10.2 months, p = 0.0007) (Fig. 3) and longer OS

(124.6 versus 20.6 months, p = 0.0001) (Fig. 4). Similar results

were obtained when considering only anaplastic oligoden-

droglial tumours (OIII and OAIII) (PFS: 42.1 versus 9.5 months,

p = 0.0003, OS: not reached versus 19.5 months, p < 10)4). The

1p19q codeletion had also a strong favourable impact on sur-

vival: PFS was 42.1 versus 10.2 months (p = 0.0006) and OS was

124.6 versus 28 months (p = 0.0001), for deleted versus non-

deleted tumours. In the subgroup of anaplastic gliomas with

IDH1 mutation (n = 55), INA expression was associated with

longer OS (80.5 versus 46.2 months, p = 0.04) (Fig. 5), but not

significantly with longer PFS (50.7 versus 14.2 months,

p = 0.3). The number of patients with INA expression without



Fig. 5 – Overall survival in anaplastic gliomas with mutated

IDH1 according to INA expression. Continuous line = INA–,

broken line = INA+; p = 0.04.
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1p19q codeletion or without IDH1 mutation was too small to

assess INA prognostic values in these subgroups.

In addition to INA expression and 1p19q codeletion, age, Kar-

nofsky performance status (KPS), type of surgery (biopsy versus

tumour removal), IDH1 mutation and EGFR amplification were

all related to survival. Cox regression multivariate analysis indi-

cated that the hazard ratio (HR) associated with INA expression,

adjusted for age, KPS, type of surgery, IDH1 mutation and EGFR

amplification, remained significant (HR = 0.11. 95% confidence

interval, 0.03–0.42; p = 0.001); however, when adjusted for

1p19q codeletion, HR associated with INA expression was no

longer significant, confirming that both variables were tightly

related. Similarly in the whole series, when taking into account

the previous factors (except the 1p19q codeletion) and also

grade and phenotype (oligodendroglial versus mixed and astro-

cytic), INA expression remained significant (HR = 0.36. 95% con-

fidence interval, 0.16–0.82; p = 0.01).

4. Discussion

The 1p19q codeletion, the MGMT promoter methylation and

the IDH1 mutation are currently the most important prognos-

tic biomarkers in adult gliomas. However, their assessment

requires molecular biology techniques that in contrast to

immunohistochemistry are not available worldwide and not

always feasible. The present study of 409 gliomas confirms

our preliminary results showing that INA expression is tightly

related to oligodendroglial histology and to 1p19q codeletion.9

The 1p19q codeletion is related to an unbalanced t(1;19)

(q10;p10) translocation and represents the strongest prognos-

tic factor in oligodendrogliomas.2,13,14 Direct test for translo-

cation is rarely performed in clinical practice: 1p19q

codeleted oligodendrogliomas are difficult to grow. The cary-

otype cannot, therefore, be routinely obtained. The transloca-

tion can be suspected using a fluorescent in situ hybridization

(FISH) fusion test with two probes flanking the breakpoint on

the 1q19p derived chromosome.13 However, in practice, the

most widely available techniques detect the 1p19q codeletion

and not the translocation. They include FISH, LOH, multiplex

ligation-dependent probe amplification (MLPA) and CGH-ar-

ray; the last is the most complete, reliable and sophisticated

but also the most expensive technique. In fact, all of them
have specific requirements and drawbacks: contamination

with normal cells may impair the genetic analysis and the

amount of available tissue, in case of biopsy, may be insuffi-

cient for CGH-array; LOH and FISH may be inadequate to dis-

tinguish the ‘true’ from the ‘false 1p19q signature’: CGH-array

analysis (Figs. 1 and 2) shows that a substantial number

among the ‘false 1p19q signature’ (73/329) could have been

misdiagnosed as 1p19q codeleted by routine FISH or by LOH

analysis. The use of a limited number of probes may not dis-

criminate partial from complete deletion; for example distal

1p deletion is frequently associated with 19 chromosome loss

(Fig. 1) and has a radically different prognosis.15 In addition

LOH imbalance on 1p19q may be due to chromosomal gain.

We further demonstrate that INA expression is overrepre-

sented in tumours with IDH1 mutation and underrepresented

in tumours with p53 expression and EGFR amplification. INA

expression can be assessed quickly from a simple biopsy, is

reliable and inexpensive and does not need any special equip-

ment. In our preliminary work, three types of INA expression

patterns were distinguished: negative, weak (<10% cells) and

strong (>10% cells). With more experience, we propose now

to classify samples merely as positive (>10% cells) and nega-

tive (<10% cells). The present series suggests that INA may

be used as a surrogate marker of 1p19q codeletion. The ab-

sence of INA expression in an oligodendroglial tumour makes

the 1p19q codeletion very unlikely (11 out of 125 cases = 9%)

particularly if the tumour is p53 positive (1 out of 71

cases = 2%). In contrast, a tumour expressing INA has a 70%

chance to be 1p19q codeleted and an 80% chance if p53 is neg-

ative. Interestingly, INA expression was positive in 87% of tu-

mours with a ‘true’ 1p19q codeletion, but only 14% of tumours

with a ‘false’ 1p19q codeletion, suggesting that INA expres-

sion might help differentiating ‘true’ and ‘false’ 1p19q codele-

tions when 1p19q codeletion is assessed by the LOH

technique. We also confirm that INA expression is associated

with favourable outcome in anaplastic gliomas. Up to now,

assessment of INA expression is the simplest tool to identify

anaplastic gliomas with better prognosis. Antibodies directed

against the mutated IDH1R132H protein are being developed

and recent reports suggest that it is a promising tool for diag-

nostic and prognostic assessments in gliomas.16–18 Our data

show that the two assessments are not redundant but rather

complementary: even in the IDH1 mutated subgroup of grade

III gliomas INA expression is associated with prolonged OS

(80.5 versus 46.2 months, p = 0.04). This suggests that combin-

ing both INA and IDH1R132H expressions may be a simple test

for prognostic stratification of anaplastic gliomas. This con-

clusion is in line with our previous data showing that grade

II and grade III gliomas can be separated in three prognostic

subgroups according to IDH1 and 1p19q genetic status.19
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808 E U R O P E A N J O U R N A L O F C A N C E R 4 7 ( 2 0 1 1 ) 8 0 2 – 8 0 8
R E F E R E N C E S
1. Cairncross JG, Ueki K, Zlatescu MC, et al. Specific genetic
predictors of chemotherapeutic response and survival in
patients with anaplastic oligodendrogliomas. J Natl Cancer Inst
1998;90(19):1473–9.

2. van den Bent MJ, Carpentier AF, Brandes AA, et al. Adjuvant
procarbazine, lomustine, and vincristine improves
progression-free survival but not overall survival in newly
diagnosed anaplastic oligodendrogliomas and
oligoastrocytomas: a randomized European Organisation for
Research and Treatment of Cancer phase III trial. J Clin Oncol
2006;24(18):2715–22.

3. Parsons DW, Jones S, Zhang X, et al. An integrated genomic
analysis of human glioblastoma multiforme. Science
2008;321(5897):1807–12.

4. Yan H, Parsons DW, Jin G, et al. IDH1 and IDH2 mutations in
gliomas. N Engl J Med 2009;360(8):765–73.

5. Balss J, Meyer J, Mueller W, Korshunov A, Hartmann C, von
Deimling A. Analysis of the IDH1 codon 132 mutation in brain
tumors. Acta Neuropathol 2008;116(6):597–602.

6. Sanson M, Marie Y, Paris S, et al. Isocitrate dehydrogenase 1
codon 132 mutation is an important prognostic biomarker in
gliomas. J Clin Oncol 2009;27(25):4150–4.

7. Dang L, White DW, Gross S, et al. Cancer-associated IDH1
mutations produce 2-hydroxyglutarate. Nature
2009;462(7274):739–44.

8. Ducray F, Idbaih A, de Reynies A, et al. Anaplastic
oligodendrogliomas with 1p19q codeletion have a proneural
gene expression profile. Mol Cancer 2008;7:41.

9. Ducray F, Criniere E, Idbaih A, et al. Alpha-Internexin
expression identifies 1p19q codeleted gliomas. Neurology
2009;72(2):156–61.

10. Kujas M, Lejeune J, Benouaich-Amiel A, et al. Chromosome
1p loss: a favorable prognostic factor in low-grade gliomas.
Ann Neurol 2005;58(2):322–6.
11. Idbaih A, Marie Y, Lucchesi C, et al. BAC array CGH
distinguishes mutually exclusive alterations that define
clinicogenetic subtypes of gliomas. Int J Cancer
2008;122(8):1778–86.

12. van den Bent MJ, Dubbink HJ, Marie Y, et al. IDH1 and IDH2
mutations are prognostic but not predictive for outcome in
anaplastic oligodendroglial tumors: A report of the
European Organization for Research and Treatment of
Cancer Brain Tumor Group. Clin Cancer Res
2010;16(5):1597–604.

13. Jenkins RB, Blair H, Ballman KV, et al. A t(1;19)(q10;p10)
mediates the combined deletions of 1p and 19q and predicts a
better prognosis of patients with oligodendroglioma. Cancer
Res 2006;66(20):9852–61.

14. Cairncross G, Berkey B, Shaw E, et al. Phase III trial of
chemotherapy plus radiotherapy compared with
radiotherapy alone for pure and mixed anaplastic
oligodendroglioma: Intergroup Radiation Therapy
Oncology Group Trial 9402. J Clin Oncol
2006;24(18):2707–14.

15. Idbaih A, Marie Y, Pierron G, et al. Two types of chromosome
1p losses with opposite significance in gliomas. Ann Neurol
2005;58(3):483–7.

16. Capper D, Weissert S, Balss J, et al. Characterization of R132H
mutation-specific IDH1 antibody binding in brain tumors.
Brain Pathol 2010;20(1):245–54.

17. Capper D, Zentgraf H, Balss J, Hartmann C, von Deimling A.
Monoclonal antibody specific for IDH1 R132H mutation. Acta
Neuropathol 2009;118(5):599–601.

18. Kato Y, Jin G, Kuan CT, et al. A monoclonal antibody IMab-1
specifically recognizes IDH1R132H, the most common glioma-
derived mutation. Biochem Biophys Res Commun
2009;390(3):547–51.

19. Labussiere M, Idbaih A, Wang XW, et al. All the 1p19q
codeleted gliomas are mutated on IDH1 or IDH2. Neurology
2010;74(23):1886–90.


	Diagnostic and prognostic value of alpha internexin expression in a series of 409 gliomas
	Introduction
	Materials and methods
	Results
	Discussion
	Conflict of interest statement
	Acknowledgement
	References


