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Abstract
Background: Cytoplasmic lipid droplets are important in cancer metabolism and a clear relationship has
been established between their accumulation and increased tumour grade in glioma. The development of the
novel immunohistochemical marker adipophilin has proven to be a useful method of detecting lipid droplets
in paraffin embedded tissue from many diseases. Our aim was to assess the distribution of adipophilin stained
lipid droplets in paraffin embedded glioma tissue and to evaluate whether it is a useful indicator of lipid
droplets in brain tumours.
Methods: Immunohistochemical staining for adipophilin was undertaken in a tissue microarray containing
65 paraffin embedded gliomas of varying grade. The number of tumour cells containing adipophilin positive
lipid droplets was then quantified and statistically analysed.
Results: We found a statistically significant accumulation of lipid droplets in high grade glioblastoma
compared to low grade astrocytomas when we quantified the percentage of tumour cells containing
adipophilin-positive lipid droplets (p<0.001). A significant positive correlation (rs=0.83) was detected between
increasing tumour grade and the percentage of tumour cells containing lipid droplets, p=0.0001.
Conclusions: We have determined that adipophilin is a useful immunohistochemical marker of lipid droplets
in brain tumours. The ability to detect lipid droplets within paraffin embedded gliomas will greatly facilitate
the evaluation of this tumour characteristic which is related to grade and prognosis.
Keywords: Adipophilin, lipid droplets, glioblastoma, astrocytoma, immunohistochemistry, tumour
metabolism, glioma

Introduction

Cytoplasmic lipid droplets are increasingly regarded as an
important cellular component in both normal tissue [1] and
in disease. Recent evidence suggests that the intracellular accumulation of lipid droplets is increased in a diverse range of
diseases [2,3]. Once thought to be a storage compartment for
neutral lipids, these organelles are now thought to be an important regulator of metabolic function and cell signalling [2-5].
The importance of lipid droplets in cancer metabolism is
gaining clinical significance with many tumours including
glioma found to have altered lipid profiles that change with
grade and in response to treatment [3,6,7]. Lipid accumulation

has been detected in high grade gliomas using ex-vivo nuclear
magnetic resonance (NMR) techniques and evidence from
electron microscopy and fluorescent labelling with Nile Red
has determined that cytoplasmic lipid droplets are the major
contributor to this lipid [8,9]. In addition in-vivo magnetic
resonance spectroscopy studies of both paediatric and adult
brain tumours have reported increased lipids at diagnosis as
a marker of poor prognostic outcome [10-12].
However, lipid droplets are not routinely assayed in tumour
biopsies as histological detection methods were thought to be
limited to frozen tissue. Whilst frozen tissue is used for histological diagnosis it is not as routine as the formalin fixed paraffin
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embedded (FFPE) tissue that nearly all diagnostic pathology
is performed on. Recent advances have discovered a specific
immunohistochemical marker localised to lipid droplets that
can be carried out in FFPE tissue called adipocyte differentiation related protein (ADRP) or adipophilin [13]. The sub-cellular
immunohistochemical expression of adipophilin has been
found to be a useful marker of lipid accumulation in both
tumours and non-neoplastic disease [4,13-16].
As intracellular lipids are a marker of both prognosis and
treatment response in brain tumours [10,12,17], the ability to
routinely detect lipid droplets in FFPE biopsies taken from
tumours at diagnosis may allow their detection to be more
readily translated into clinical practice. As such, we have investigated adipophilin expression using immunohistochemistry in
a series of tissue microarrays (TMAs) containing glioma tissue
of varying grade and tumour type. By undertaking this study
we aim to evaluate whether adipophilin is a useful indicator
of lipid droplets in brain tumours.

was grown in our laboratory as previously described [18]
and processed into a paraffin embedded cell block. Previous
work has shown that this cell line contains many large lipid
droplets [18]. Immunohistochemical staining for adipophilin
(AP125, Progen, Germany) was undertaken at a 1:50 dilution
overnight at 4°C following heat mediated antigen retrieval.
A Dako Envision polymer labelling system (K4065, Dako UK
Ltd) was used to visualise the antibody, with diaminobenzene as the chromagenic label, followed by counterstaining
with haematoxylin. Appropriate positive and negative tissue
controls were included in all runs.
Quantification of the percentage of tumour cells containing
cytoplasmic positivity for adipophilin-stained lipid droplets
was undertaken independently by two individuals including a
pathologist (IC). Rare nuclear staining was also noted, however
only cytoplasmic staining was considered positive in tumour
cells. Only staining within tumour cells was quantified, any
adipophilin positive macrophages were not scored. Where
there was discordant scores between the two observers, the
Materials and methods
cases were reviewed and consensus agreed. Scores from each
We obtained quality controlled high density commercial core were averaged to provide a single score for each case.
FFPE brain tumour microarrays from US Biomax (Rockville, Averages were then obtained across tumour type and grade
MD, USA). These contained 65 glioma cases of varying diag- with statistical comparisons between groups undertaken
noses and grade along with normal brain tissue and normal with ANOVA, followed by the Student’s t-test for post hoc
tissue from other regions as controls for antibody validation comparisons. Correlations were undertaken using Spearman’s
purposes (Table 1). Each case was represented by two 1.5mm rank correlation test.
cores with high resolution interactive H & E images available
for each. All cases were evaluated by pathologists and cores Results
were selected to contain representative tumour rather than Adipophilin stained lipid droplets were identified in similar
necrosis.
distribution patterns in the BE2M17 FFPE cell lines as previTo validate the adipophilin antibody prior to use, we stained ously determined using Nile red [18], providing evidence that
test TMAs containing brain tumour and control tissue, along the adipophilin antibody is correctly labelling lipid droplets
with a commercial neuroblastoma cell line (BE2M17) that (Figure 1). Adipophilin staining of lipid droplets was detected
Table 1. Summary of patient characteristics.
Clinical Diagnosis and Histopathological Grade

Tumour Grade + 1

2

3

4

1-2

-

4

Cancer Normal
Adjacent Brain
Normal
Brain^
normal normal

Number of cases
stained (n=80)

21

15

15

2

3

3

5

41.57±17.01

44.85±16.09 41.92±17.65

49±8.89 38.33±19.42

31±13.52 45±15.28 35.6±11.10

11/21

11/15

2/3

3/3

Pilocytic
Astrocytoma Anaplastic Glioblastoma Oligo- Anaplastic
Giant
Astrocytoma
Astocytoma (GBM)
dendro- Oligodendro- Cell
glioma glioma
GBM

6

Mean age of
39.83±16.33
patient group±
SD (years)
Number of
3/6
cases containing
adipophilinpositive tumour
cells

14/15

3/3

0/5

10

3/10*

According to WHO classification criteria
Normal brain tissue taken from a non-involved region immediately adjacent to tumour
*staining restricted to neurons. The significance of this is unknown.
SD: Standard deviation
+
^
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Figure 1. (A) Cytoplasmic lipid droplets fluorescently stained with Nile red in the fresh-fixed BE2M17 cell line (the arrow is
indicating the stained lipid droplets in green, the nucleus has been co-labelled with DAPI in blue). (B) Immunohistochemical
staining of adipophilin positive cytoplasmic lipid droplets in the paraffin-embedded cell line, BE2M17 (counterstained with
haematoxylin). (C) Negative control with primary antibody omitted showing no adipophilin staining in BE2M17.

in 75% of all glioma cases analysed. This ranged from cases
with very few tumour cells being stained (<5%) to cases with
very high numbers of positive tumour cells (>90%). The mean
percentage (±standard error) of tumour cells expressing
adipophilin positive lipid droplets in grade four glioblastoma was 56.19±5.69% (with a range from 30-93%) which is
significantly higher than in grade one and two astrocytoma,
p<0.0001, (Figure 2). The mean percentage for grades one
and two astrocytoma respectively, was 3.21±2.02% (with a
range from 0-11%), and 5.64±1.58 (with a range from 0-26%).
Grade three astrocytoma had significantly less adipophilin
positive cells (19±2.46%, range from 0-35%) than grade four

glioblastoma (p=0.01) but significantly more than grades one
(p=0.001) and two, (p=0.04 ). A statistically significant correlation was detected between tumour grade and the percentage
of tumour cells containing lipid droplets, rs=0.83, p<0.0001.
Strong positive expression was largely limited to cases of
high grade glioblastoma, whilst weak positive staining was
predominant in low grade pilocytic astrocytoma (Figure 3).
There was also an increase in lipid droplets in high grade
anaplastic oligodendroglioma (14.16±2.57) compared to low
grade oligodendrogliomas (3.33±2.04) although case numbers were too small for formal statistical comparisons. Similar
values of adipophilin positive tumour cells were found in the
anaplastic astrocytomas and anaplastic oligodendrogliomas,
with no statistically significantly difference between the
tumour types. Cancer adjacent normal tumour cases were
negative for adipophilin expressing cells, however, occasional
cytoplasmic and nuclear adipophilin positivity (not counted
during scoring) was found within neurons of normal brain.
The scores for the two individual cores were within 5% of
each other for the majority of cases (and less than 10% for all
cases) suggesting that adipophilin expression can be reliably
detected within a tissue microarray according to established
standards [19,20].

Discussion

Figure 2. The immunohistochemical staining pattern of
adipophilin in brain tumours. The average percentage of
tumour cells containing adipophilin positive cytoplasmic lipid
droplets in brain tumours of different grade (mean±standard
error). Giant cell glioblastoma & oligodendroglioma cases were
not included in this analysis due to small sample numbers.

We have evaluated a series of brain tumours of varying grade
for the expression of the lipid droplet marker adipophilin. To
our knowledge this is the first study to examine lipid droplets
in FFPE histological sections from gliomas of varying grade
using an immunohistochemical marker. We have identified
a significant increase in the percentage of tumour cells
expressing adipophilin labelled lipid droplets in high grade
tumours, suggesting that there is a relationship between the
accumulation of lipid droplets and increasing tumour grade.
A similar finding has been reported in Burkitt lymphoma
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Figure 3. (A-C) Immunohistochemically stained adipophilin positive lipid droplets in tumour cells from a grade 4
glioblastoma (the arrow in C indicates the cytoplasmic distribution of the labelled lipid droplets). This strong widespread
staining of tumour cells was largely restricted to grade four tumours. (D-E) Adipophilin positive tumour cells from a low
grade astrocytoma. This sparse, less intense staining was largely typical of low grade tumours. (F) Low grade astrocytoma
containing no adipophilin positive lipid droplets.

where adipophilin was shown to be a sensitive marker of lipid
accumulation in high grade cases, and that it may be useful
diagnostic discriminator in otherwise difficult cases [15]. As
lipids are a marker of poor prognosis in gliomas [10-12] the
ability to detect them in diagnostic biopsies is likely to be of
clinical relevance. Interestingly, there were fewer adipophilin
positive tumour cells in all three cases of giant cell glioblastoma when compared to grade four glioblastoma. As the giant cell variant is commonly regarded as less aggressive [17],
this provides further support for the relationship between
high lipid and worse prognosis. A similar trend was noted in
the low grade oligodendrogliomas when compared to the
anaplastic oligodendrogliomas, however these still had far
fewer lipid droplet containing tumour cells than grade four
glioblastomas. An exception to the relationship between grade
and lipid in brain tumours may be grade two pleomorphic
xanthoastrocytomas (PXA). These often contain cytoplasmic
lipids with a generally favourable prognosis [21,22]. However
as this is a rare variant, usually restricted to childhood, it was
not included in our series from which only tumours from
adults were analysed.
High grade glioblastoma in particular is known to be a
heterogeneous tumour. Hence it is possible that analysis

of a limited number of cores from each case within a tissue
microarray may not accurately represent the entire tumour.
However, our analysis found that the adipophilin scoring
in two cores taken from different regions in each case was
very consistent. Research using different markers in glioma
tissue microarrays reported that whilst in some instances immunohistological scoring from single cores may not reflect
the whole tumour section on an individual case basis, that
when considered across a series of tumours, scores were
not significantly different between microarrays and whole
sections [23,24]. This suggests that like other tumour types,
accurate histological measures can still be undertaken in a
microarray despite tumour heterogeneity [23,25].
There is a well known association between lipids and necrosis
in many tumour types [6]. The tissue cores selected for this
study were taken from tumour only rather than the necrotic
core demonstrating that lipid is also detected within the cytoplasm of tumour cells and is not only a marker of necrosis
within brain tumours. Strong positive expression of adipophilin
was generally only found in grade four tumours suggesting
not only that a greater number of tumour cells contain lipid
droplets, but also that there is a greater number and/or an
increase in size of these organelles within the cell. Previous
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work from our group has found that the size of lipid droplets
can vary across several neural-derived tumour cell lines and
that both size and composition can change in response to
treatments that target metabolic pathways [26,27]. Disruption of lipid metabolism in glioma has also been identified
as a potential therapeutic target [7,28]. As lipid accumulation
appears to be an important indicator of increased metabolic
state within high grade malignancies there is likely to be
biological and diagnostic value to observing lipid droplets
in biopsied brain tumours.
Cytoplasmic adipophilin positivity was detected within the
neurons of normal brain in only three cases suggesting that
there are few lipid droplets present in normal brain tissue.
Nuclear lipid droplets were also detected within occasional
neurons. Although most studies have focused on cytoplasmic lipid droplets [3,4], recent evidence using confocal and
electron microscopy in cultured hepatocytes suggests that
neutral lipids within the nucleus also form into spherical lipid
droplets of unique composition and size and that these may be
involved with nuclear lipid homeostasis [29,30]. Alternatively
it has also been proposed that cytoplasmic lipid droplets
may be mistaken as nuclear in instances where they have a
close association with the nuclear envelope [31]. Although
recent evidence in Alzheimer’s and Huntington’s disease has
reported that cytoplasmic lipid droplets do occur in neurons
in a disease state [32], it is unclear as to the significance of this
finding within normal neurons in this study and this requires
further investigation.
An important advantage of establishing adipophilin immunohistochemical staining in paraffin embedded gliomas is
the ability to investigate lipids both retrospectively in archival
glioma tissue as well as prospectively in future studies. As
increased lipids have been shown to have prognostic value, it
will be important to directly link the presence of lipid droplets
to survival and outcome in glioma. Of additional clinical significance will be linking lipids to molecular prognostic markers such as IDH1 and ATRX mutations and MGMT promoter
methylation, all of which are known to influence survival in
glioma. Further studies are also required to investigate the
relationship between adipophilin-stained lipid droplets and
measures of in vivo and ex-vivo lipids from MR spectroscopy
as well as their links to survival.

Conclusions

In summary, we have shown that adipophilin is a valuable
marker of lipid droplet status in paraffin embedded glioma
tissue and used the method to establish the relationship
between the accumulation of cytoplasmic lipid droplets and
increased tumour grade in these tumours. The availability of a
robust method for determining lipid droplet status in paraffin
embedded tissue will greatly facilitate the further evaluation
of lipid droplets as a biomarker of grade and prognosis and
its translation into routine clinical practice.
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