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Abstract

We have employed as ‘gold standards’ two in-house, well-characterised and validated polyclonal antibodies, C9-L and C9-
S, which detect the longer and shorter forms of C9orf72, and have compared seven other commercially available antibodies
with these in order to evaluate the utility of the latter as credible tools for the demonstration of C9orf72. C9-L and C9-S
antibodies immunostained cytoplasmic ‘speckles’, and the nuclear membrane, respectively, in cerebellar Purkinje cells of
the cerebellum in patients with behavioural variant frontotemporal dementia (bvFTD) with amyotrophic lateral sclerosis
(ALS), and in patients with ALS alone. Similar staining was seen in Purkinje cells in healthy control tissues and in other
neurodegenerative disorders, and in pyramidal cells of CA4 and dentate gyrus of hippocampus. However, in the spinal cord
there was little cytoplasmic staining with C9-L antibody. C9-S antibody immunostained the nuclear membrane of anterior
horn cells in healthy neurons. In patients with bvFTD + ALS, or ALS alone, this C9-S nuclear staining was redistributed to
the plasma membrane. In those patients with bvFTD + ALS or ALS bearing an expansion in C9orf72, none of the
commercially available antibodies detected TDP-43 inclusions in anterior horn cells, nor were dipeptide repeat proteins
demonstrated. Five of the commercial antibodies provided immunohistochemical staining patterns similar in morpho-
logical appearance to the in-house C9-L antibody, but distinct from C9-S antibody. However, only three showed sufficient
specificity and intensity of staining for C9orf72 at acceptably low concentrations, to make them of practical value and
sufficiently reliable for the detection of at least the longer form of C9orf72 protein.
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Introduction

An expanded hexanucleotide (GGGGCC) repeat in

a non-coding region of the C9orf72 gene is the most

common cause of familial frontemporal lobar degen-

eration (FTLD), with or without amyotrophic

lateral sclerosis (ALS), and of ALS itself, but can

also occur in around 7% of apparently sporadic

cases (1,2). Normally, less than 20 such repeats are

present, but when expanded an excess of 36 repeats

is seen, ranging upwards to as many as several

thousand repeats. How the expansion in C9orf72

causes disease remains unclear. Three mechanisms

have been proposed. None is mutually exclusive,

and all could play some part in disease pathogenesis.

A loss of function effect (haploinsufficiency) conse-

quent upon a reduced output of C9orf72 protein has

been suggested (1,3,4), with the extent of the loss

being dependent upon the degree of DNA methy-

lation (5,6). Alternatively, the formation of both

sense and antisense nuclear RNA foci has been

demonstrated, both in human disease (1,7–9) and in

fly models (9). These might sequester RNA
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transcripts (1,9), or other endogenous RNA binding

proteins (7,8), thereby interfering with the tran-

scriptome. Finally, a non-ATG mediated (RAN)

sense and antisense translation of the expansion

itself leads to accumulation of the dipeptide repeat

proteins, poly-GA, poly-GR, poly-GP, poly-PA and

poly-PR (10–16), any or all of which might confer

neurotoxicity. Nevertheless, how these potential

effects translate into the TDP-43 proteinopathy

that characterises both conditions remains to be

established.

Sequence and structural analysis identifies

C9orf72 as a member of the DENN (Differentially

Expressed in Normal and Neoplastic cells) family of

proteins (17). These are GTP-GDP exchange fac-

tors for Rab GTPases, key regulators of membrane

trafficking (18,19). Alternative splicing of C9orf72

transcripts yields long and short forms of the

translated protein (1). Co-immunoprecipitation

studies suggest that both long and short forms of

C9orf72 interact with importin-b1 and Ran-

GTPase, indicating a role in nucleocytoplasmic

transport (4). Loss of C9orf72 protein results in

decreased Rab activation and changes in endosomal

trafficking, pointing to a role in autophagy regula-

tion (20). Such a conclusion is supported by a

physical interaction between C9orf72, especially the

longer form, and SMCR8/WDR41, and with the

FIP200/Ulk1/ATG13/ATG101 complex, a key

regulator of autophagy initiation (21–23). Hence,

the expansion in C9orf72 could join other FTLD

associated mutations in genes such as VCP (24),

SQSTM1 (25), UBQLN2 (26), OPTN (27), TBK1

(28) and CHMP2B (29), whose protein products are

well known to participate in the autophagosomal

degradation of effete proteins.

Nevertheless, our understanding of disease mech-

anisms in FTLD and ALS associated with expansions

in C9orf72 has been hampered by a lack of validated

antibodies to C9orf72 protein. Recently, Xiao et al.

reported two validated polyclonal C9orf72 antibo-

dies, raised against long and short forms of C9orf72,

termed C9-L and C9-S, respectively (4). In the

present study, we have employed these antibodies as

‘gold standards’ of C9orf72 protein immunostaining,

and have compared findings from a series of com-

mercially available C9orf72 antibodies with these in

order to evaluate the utility of these commercial

antibodies for the credible demonstration of C9orf72

proteins within cells and tissues. We have also

extended earlier work in C9orf72 expansion carriers

and non-carriers, based on cerebellum and spinal

cord (4), by investigating the hippocampus dentate

gyrus granule cells and CA4 pyramidal cells, brain

regions which are prone to disease in C9orf72 expan-

sion bearers (11,13).

Patients and methods

Patients

The study group consisted of 26 patients

(Supplementary Table 1). Five had behavioural

variant frontotemporal dementia (bvFTD) com-

bined with ALS (bvFTD + ALS), all with FTLD-

TDP type B histology (30), three of whom bore an

expansion in C9orf72. Eight patients had ALS alone,

three bearing an expansion in C9orf72, four had

Huntington’s disease, four had Alzheimer’s disease

and five5 were healthy controls not known to have

suffered from any motor or cognitive difficulties in

life (Table 1). All tissues were obtained from the

Manchester Brain Bank through appropriate con-

senting procedures for the collection and use of

human brain tissues. Patients with bvFTD + ALS

fulfilled Lund-Manchester clinical diagnostic cri-

teria for FTLD (31,32). Patients with ALS fulfilled

El Escorial criteria (33). Possession of an expansion

in C9orf72 was evidenced by Southern blot and/or

repeat primed PCR (11,13).

Histological methods

Nine anti-C9orf72 antibodies were evaluated

(Table 2). C9-L and C9-S antibodies were

employed as ‘gold standards’ (4) for the character-

isation of the other seven antibodies. Four anti-

bodies were commercially obtained from

Proteintech (Manchester). One was a polyclonal

antibody (22637-1-AP) supplied as three different

batches (18450, 20422 and 23058), the numbers of

which refer to different rounds of purification

produced from same lot of antibody, but affinity

purified at different times, or from different rabbits.

Nevertheless, the immunogen was the same for all.

The other Proteintech antibody was a monoclonal

C9orf72 antibody (66140-1-Ig). Further antibodies

were obtained from Santa Cruz (sc-138763),

GeneTex (GTX119776) and Abgent (AP12982b).

These were employed for immunohistochemistry as

described previously (11,13), following titration to

determine optimal immunostaining (see Table 2).

Table 1. Mean (� SD) post mortem delay time and age at death in the five pathological groups studied.

FTD¼ frontotemporal dementia; MND¼motor neuron Disease.

Group M/F Post mortem delay (h) Age at death (y)

FTD + MND (n¼ 5) 2/3 71.4�38.3 64.8�5.4

MND (n¼ 8) 5/3 54.8�25.9 55.5�10.2

Huntington’s disease (n¼4) 1/3 46.8�7.9 60.8�7.0

Alzheimer’s disease (n¼ 4) 1/3 93.8�58.7 79.8�5.2

Healthy Controls (n¼ 5) 5/0 80.0�51.1 79.4�14.4
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Paraffin sections were cut at 6 mm from formalin

fixed blocks of cerebellum from all cases, and from

temporal cortex with hippocampus and lumbar

spinal cord from a subset of cases where immunos-

taining for C9orf72 within the cerebellum had been

found to be robust. Antigen unmasking was per-

formed by pressure cooking in citrate buffer (pH

6.0, 10 mM) for 30 min, reaching 120 degrees

Celsius and415 kPa pressure. A subset of sections

was immunostained using TE9 buffer for antigen

unmasking (4) but this did not result in any

observable differences in staining pattern or inten-

sity from those treated with citrate buffer. The

presence and degree of staining of C9orf72 immu-

nostained nerve cells was assessed microscopically

according to:

0¼no stained neurons in any field.

0.5¼ rare/single weakly stained neurons in the

entire section.

1¼ few, usually weakly stained, neurons in some

but not all fields.

2¼ a moderate number of mostly well stained

neurons in each field.

3¼most cells strongly staining in each field.

4¼ all cells strongly staining in every field.

Such assessments were performed on Purkinje

cells of the cerebellum, and on granule cells of the

dentate gyrus and CA4 pyramidal cells of the

hippocampus.

Statistical analysis

Rating data were entered into an Excel spreadsheet

and analysed using Statistical Package for Social

Sciences (SPSS) software (version 17.0). Patients

were stratified according to genetic and pathological

subtype for statistical analysis of the effects of

mutation or underlying pathology on staining.

Comparisons of semi-quantitative scores for the

intensity of neuronal C9orf72 immunostaining in

Purkinje neurons of the cerebellum were performed

using a Kruskal–Wallis test with post-hoc Mann–

Whitney test. Comparisons of semi-quantitative

scores for the intensity of neuronal C9orf72

immunostaining in Purkinje neurons across the

different C9orf72 antibodies were also performed

using a Kruskal–Wallis test. Correlation between

neuronal staining scores and patient age, or post

mortem delay, for each antibody, were made using

Spearman’s rank correlation statistic. In all

instances, significance levels were set at p < 0.05.

Results

Immunostaining within the cerebellum with C9-L

antibody was seen as small cytoplasmic granules

within the perikaryon and proximal dendrites of

Purkinje cells, conferring a ‘speckled’ appearance to

the cells; there was no nuclear membrane staining

(Figure 1(a)). By contrast, C9-S antibody immu-

nostained the nuclear membrane, but not cyto-

plasm, of Purkinje cells (Figure 1(b)). Although

there was a weak ‘background’ parenchymal staining

within the molecular and granule cell layers with

C9-L antibody, there was no staining of cytoplasm

or nuclear membrane of granule or basket cells.

Notably, dipeptide repeat proteins within cerebellar

granule cells were unstained with either C9-L or C9-

S antibodies in those patients bearing an expansion

in C9orf72 in whom previous work, employing both

p62 immunostaining and immunostaining for poly-

GA, poly-GP and poly-GR proteins (11,13), had

shown these to be abundant.

Nonetheless, the intensity of Purkinje cell stain-

ing was highly variable between cases ranging from

little or no immunostaining of ‘speckles’ (grades 0,

0.5 and 1), through moderate (grade 2), to those

with strong immunostaining of many speckles

(grades 3 and 4). This variation in Purkinje cell

staining did not appear to relate to any particular

diagnostic group (�2¼ 7.7; p¼ 0.102) or the pres-

ence/absence of an expansion in C9orf72

(p¼ 0.248). Likewise, neither patient age at death

(rs¼ 0.167) nor post mortem delay (PMD)

(rs¼ 0.176) appeared to influence the degree of

staining.

Subsequently, a subset of 10 cases was chosen in

order not to ‘waste’ antibody on most other cases

where little or no immunostaining for C9-L had

been obtained, and to provide meaningful compara-

tive data when using the other C9orf72 antibodies.

These cases represented all pathological subgroups

and included five strongly, and five only weakly

immunostained cases when using C9-L antibody on

cerebellum. These cases were also used for the

Table 2. Antibodies employed in the study.

Name/Code Type Species Source Dilution

C9-L polyclonal rabbit Xiao et al. 2015 1:3000

C9-S polyclonal rabbit Xiao et al. 2015 1:3000

22637-1-AP (18450) polyclonal rabbit Proteintech Group 1:400

22637-1-AP (20422) polyclonal rabbit Proteintech Group 1:2000

22637-1-AP (23058) polyclonal rabbit Proteintech Group 1:200

66140-1-Ig monoclonal mouse Proteintech Group 1:2000

GTX119776 polyclonal rabbit GeneTex 1:1000

sc-138763 polyclonal rabbit Santa Cruz 1:200

AP12928b polyclonal rabbit Abgent 1:100

104 Y. S. Davidson et al.



assessment of C9orf72 immunostaining patterns in

hippocampus and spinal cord.

A similar pattern, and intensity, of staining of

Purkinje cells to that observed with C9-L antibody

was seen with Proteintech monoclonal antibody

(Figure 1(c)), Proteintech polyclonal antibody,

20422 (Figure 1(d)), and GeneTex antibody

(Figure 1(e), Table 3). A similar, but weaker,

staining of Purkinje cells was seen with Proteintech

polyclonal antibodies, 18450 and 23058

Figure 1. Immunostaining of Purkinje cells of the cerebellum for C9orf72 protein using C9-L antibody (a), C9-S antibody (b), Proteintech

monoclonal antibody (c), Proteintech polyclonal antibody, 20422 (d), GeneTex antibody (e), Proteintech polyclonal antibodies, 18450 (f)

and 23058 (g), Santa Cruz antibody (h) and Abgent antibody (i). Immunoperoxidase–haematoxylin, �400 microscope magnification.

Table 3. Relative staining of cerebellar structures by each antibody.

Antibody Purkinje cells Molecular layer Granule cell layer Glial cells

C9-L +++ 0/+ 0/+ 0

C9-S +++ + + 0

22637-1-AP (18450) + + + +

22637-1-AP (20422) +++ ++ ++ +

22637-1-AP (23058) + + + +

66140-1-Ig +++ 0/+ 0/+ +

GTX119776 +++ ++ ++ ++

sc-138763 +/++ +++ +++ +++

AP12928b 0/+ 0/+ 0/+ 0
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(Figures 1(f,g), Table 3). Santa Cruz antibody

immunostained the whole cerebellar section and

did not clearly distinguish the speckled staining in

Purkinje cell somata from other cerebellar tissue

components (Figure 1(h)). There was very little or

no immunostaining with Abgent antibody, though

when present this did appear similar to the other

antibodies in terms of Purkinje cell staining (Figure

1(i)). ‘Background’ parenchymal staining in the

molecular and granule cell layers also varied in

intensity being generally very weak or absent in C9-

L immunostaining, but ranging from weak to

intense with all other antibodies (Table 3).

Variable glial cell immunostaining was also seen in

the white matter, ranging from absent or weak to

moderate or strong (Table 3). As with C9-L

immunostaining, there were no correlations

between intensity of staining and age at death

(p¼ 0.799–0.927) or PMD (p¼ 0.596–0.973) for

any of the four Proteintech antibodies, or the

GeneTex antibody.

Comparison of scores for intensity of Purkinje

cell immunostaining made on the subset of 10 cases

showed a significant overall difference in scores

between C9-L, Proteintech 18450, 20422 and

23058 antibodies, Proteintech monoclonal antibody

Figure 2. Immunostaining of pyramidal cells of CA4 region (a,c,e,g), and dentate gyrus granule cells (b,d,f,h), of the hippocampus for

C9orf72 protein using C9-L antibody (a and b, respectively), Proteintech monoclonal antibody (c and d respectively), GeneTex antibody

(e and f, respectively) and Santa Cruz antibody (g and h, respectively). Note immunostaining of ‘synaptic clusters’ in CA4 region using

GeneTex and Santa Cruz (e and g, respectively) antibodies. Immunoperoxidase–haematoxylin, �400 microscope magnification.
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and GeneTex antibody (�2¼ 16.6; p¼ 0.005).

Scores for immunostaining with C9-L antibody

were significantly higher than those for Proteintech

18450 (p¼ 0.044) and 23058 (p¼ 0.027) antibodies

(which did not differ from each other), but not

significantly different from Proteintech 20422

(p¼ 0.876) and monoclonal (p¼ 0.938) antibodies,

or GeneTex antibody (p¼ 0.082) (which again did

not differ significantly from each other).

In the hippocampus, C9-L immunostaining was

seen as small granules within the cytoplasm and

proximal dendrites of pyramidal cells of area CA4

(Figure 2(a)), and neurons of the dentate gyrus

(Figure 2(b)). Again, there was no nuclear mem-

brane staining, or immunostaining of dipeptide

repeat proteins in such cells. Similar findings were

made using the Proteintech monoclonal antibody

(Figure 2(c,d)) and the polyclonal 20422 antibody.

The other two Proteintech polyclonal antibodies

(18450 and 23058) barely immunostained such

cells, even at high antibody concentrations (not

shown). The GeneTex antibody strongly immunos-

tained the cytoplasm of CA4 neurons (Figure 2(e))

and dentate gyrus granule cells (Figure 2(f)), and

also strongly immunostained parenchymal struc-

tures resembling (synaptic) clusters around CA4

neurons (Figure 2(e)), a finding not seen with the

C9-L or Proteintech antibodies. These same struc-

tures were also prominently immunostained with

Santa Cruz antibody (Figure 2(g)), though here the

cytoplasm of CA4 neurons (Figure 2(g)) and den-

tate gyrus granule cells (Figure 2(h)) was barely

stained. The Abgent antibody showed little or no

immunostaining of any region of the hippocampus

(not shown).

In the spinal cord, C9-L immunostaining was

mostly seen as a few, weakly immunostained, small

granules within the cytoplasm and proximal den-

drites of some anterior horn cells (Figure 3(a)),

although occasionally others were strongly immu-

nostained. Again, there was no nuclear membrane

staining in these cells, or immunostaining of struc-

tures resembling the TDP-43 inclusions present in

such cells in the patients with bvFTD + ALS, or

ALS alone, with or without an expansion in C9orf72.

Similar findings were made using Proteintech

monoclonal antibody (Figure 3(b)) and the poly-

clonal 20422 (Figure 3(c)) antibody, and when

using GeneTex (Figure 3(d)) and Santa Cruz

(Figure 3(e)) antibodies. Cells were unstained

using Abgent antibody (Figure 3(f)).

By contrast, C9-S antibody immunostained the

nuclear membrane, but not cytoplasm, of Purkinje

cells (see Figure 1(b)). Those cases that showed

strong cytoplasmic labelling with C9-L antibody

also showed strong nuclear labelling with C9-S

antibody, and vice versa. A similar pattern of nuclear

membrane staining was seen in pyramidal cells of

Figure 3. Immunostaining of anterior horn cells of the spinal cord for C9orf72 protein using C9-L antibody (a), Proteintech monoclonal

antibody (b), Proteintech polyclonal antibody, 20422 (c), GeneTex antibody (d), Santa Cruz antibody (e) and Abgent antibody (f).

Immunoperoxidase–haematoxylin, �400 microscope magnification.
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CA4 (Figure 4(a)) and granule cells of the dentate

gyrus (Figure 4(b)) in all pathological groups, and in

FTLD patients with and without an expansion in

C9orf72. In the spinal cord, C9-S immunostaining

detected the nuclear membrane in normal cells

(Figure 4(c)), but in patients with bvFTD + ALS, or

ALS alone, with or without an expansion in C9orf72,

there was translocation of this immunostaining to

the plasma membrane (Figure 4(d)). This pattern of

(nuclear) staining was not seen in any of the brain

regions investigated with any of the commercial

antibodies.

Discussion

Previously, C9-L antibody demonstrated large

‘speckles’ in the cytoplasm of Purkinje cells of the

cerebellum and diffuse cytoplasmic labelling in

spinal motor neurons. Conversely, C9-S labelled

the nuclear membrane of healthy neurons, with

apparent relocation to the plasma membrane in

diseased motor neurons in bvALS + FTD or ALS

alone (4). In the present study, we have made similar

observations in Purkinje cells of patients with

bvFTD + ALS and in ALS alone, as well as in

other neurodegenerative disorders and healthy con-

trols. However, it is unclear what these

speckled structures in Purkinje cells represent.

Although C9orf72 may have a role in autophagy

regulation, this morphological pattern of Purkinje

cell immunostaining has not been found using a

range of markers of endosomes, lysosomes and

autophagosomes (4). Further work, involving for

example immunogold labelling studies, will need to

be carried out in order to determine the identity of

the subcellular structures which underpin the

speckled Purkinje cell cytoplasmic staining pattern

observed with C9-L antibody, and to investigate

how the C9-S epitopes might traffic from nuclear to

cytoplasmic membrane in some FTD/ALS patients.

Nonetheless, it is notable that the intensity of

cytoplasmic staining in Purkinje cells is far greater

than that seen in hippocampal and spinal neurons,

consistent with studies showing higher expression

levels of C9orf72 protein in cerebellum compared to

other brain regions (1,3), implying that such cells

have greater dependency on C9orf72 protein for

maintenance of their health and vitality irrespective

of what the precise roles of the long and short form

of the protein might be.

Of the seven commercially available C9orf72

antibodies tested, a similar pattern of Purkinje cell

immunostaining was noted in five, being similar in

intensity in Proteintech polyclonal antibody 22637-

1-AP (batch 20422) and Proteintech monoclonal

antibody 66140-1-Ig, and also in the GeneTex

Figure 4. Immunostaining for C9orf72 protein using C9-S antibody showing nuclear membrane staining in pyramidal neurones of CA4

region (a), dentate gyrus granule cells (b) and normal anterior horn cells (c). In bvFTD + MND, there is loss of nuclear membrane staining

which is replaced by immunostaining of the external plasma membrane (d). Immunoperoxidase–haematoxylin, �400 microscope

magnification.
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antibody GTX119776, to that seen with C9-L

antibody; a similar, but much weaker pattern of

immunostaining was seen using Proteintech 22637-

1-AP batches 18450 and 23058 polyclonal anti-

bodies. The Santa Cruz and Sigma antibodies failed

to detect this pattern of Purkinje cell immunostain-

ing. Variations in staining pattern and intensity may

to some extent reflect different epitopes or protein

conformations recognised by each antibody. Hence,

we would conclude that commercially available

Proteintech polyclonal antibody 22637-1-AP

(batch 20422), Proteintech monoclonal antibody

66140-1-Ig, and GeneTex antibody GTX119776,

can be confidently employed for the detection of

C9orf72 protein in immunohistochemical studies.

The observations that none of the five commercially

available antibodies also immunostained the nuclear

membrane of Purkinje cells implies that all of these

only detect the long form of C9orf72 protein, a

conclusion consistent with information provided by

the manufacturers whereby only a single band at

around 50–55 KDa was detected by each commer-

cial antibody, akin to that detected by C9-L (at

54.8KDa), and none detected a band equivalent to

C9-S at 24.8 KDa (4).

Earlier studies using certain commercial anti-

bodies, including the Santa Cruz antibody employed

here (sc-138763) and an antibody from Sigma

(HPA023873), revealed a pattern of immunostain-

ing for C9orf72 within area CA4 of hippocampus

which resembled ‘synaptic clusters’ (34–36). In the

present study, this same pattern of staining was

again seen with the Santa Cruz antibody, and also to

a lesser extent with GeneTex antibody, but not with

any of the Proteintech antibodies, or with C9-L or

C9-S (see Figure 2), suggesting this immunostain-

ing may not relate to C9orf72 protein and questions

the specificity of the Santa Cruz and GeneTex

antibodies.

The high level of variability of C9orf72 immu-

nostaining between cases is difficult to explain and

did not relate to age of the individual, pathological

group or post mortem delay period. Potential

explanations might lie with brain pH at time of

death, since this is a more reliable index of tissue

quality than post mortem delay (37). Preservation of

C9orf72 protein within tissues after death, like many

other brain proteins, may be highly susceptible to

degradation in a low (i.e. <6.0) pH environment.

Alternatively, the efficiency of immunostaining may

relate to the length of time tissues may have been

stored in formalin fixation before blocking and

processing into wax sections. In the present study,

unfortunately, it was not possible to assess these

potential confounders as brain pH values were not

available for most cases, and it was not possible to

retrospectively estimate how long tissues might have

been stored in formalin prior to processing.

There is strong evidence for a loss of function

effect associated with the expansion consequent

upon reduced gene expression (1,3,4), this being

dependent upon the degree of DNA methylation

(5,6). Nonetheless, we found no significant differ-

ences in the level of immunostaining for C9orf72 in

cases bearing expansions in C9orf72 compared to

those without expansion. However, in formalin fixed

paraffin embedded tissues, immunohistochemistry

does not necessarily reflect gene expression levels,

and as such cannot be taken as a direct measure of

protein output. The lack of immunostaining for any

structures resembling dipeptide repeat proteins in

neurons in cerebellum granule cells, or cells of the

dentate gyrus or CA4 regions of the hippocampus,

in C9orf72 expansion bearers indicates that C9orf72

protein is not a component of these pathological

features. A loss of C9-S, importin-b1 and Ran-

GTPase nuclear membrane labelling in anterior

horn cells containing TDP-43 inclusions in MND

cases with expansions in the C9orf72 gene (4)

suggests changes in C9-S protein function may

determine, or result from, TDP-43 mislocalisation.

In summary, we have evaluated the staining

properties of seven commercially available antibo-

dies against C9orf72 protein compared to two well-

characterised in-house antibodies (4). We find three

of these commercial antibodies provided immuno-

histochemical staining patterns similar to the in-

house C9-L antibody, but distinct from C9-S

antibody. These appear reliable for the detection

of at least the longer form of C9orf72 protein in

normal and diseased tissues.
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