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Abstract
Although little is known about the etiology of progressive supranuclear palsy (PSP), genetic and
epigenetic factors, oxidative injury and inflammation are thought to contribute to its development
and/or progression. Evidence for activated glia involvement in PSP has raised the possibility that
neuroinflammation may contribute to its pathogenesis. To investigate the correlation between
neuroinflammation and PSP, a comparative study was conducted on the patterns of cytokine
expression in different regions of the brains of PSP, Alzheimer’s disease (AD) patients and normal
controls. Our results show different patterns of cytokine expression in each disease, with the
expression of IL-1β transcripts being significantly higher in the substantia nigra of PSP than in AD
and controls, while AD brains had significantly higher IL-1β expression in the parietal cortex
compared to PSP and controls. In addition, expression of TGFβ was significantly higher in the
cortical areas (particularly frontal and parietal lobes) of AD compared to PSP and controls. These
results show a disease-specific topographical relationship among the expression of certain
cytokines (IL-1β and TGFβ), microglial activation and neurodegenerative changes, suggesting that
these cytokines may contribute to the pathologic process. If so, the use of cytokine-inhibitors and/
or other anti-inflammatory agents may be able to slow disease progression in PSP.
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Progressive supranuclear palsy (PSP) is a neurodegenerative disease of unknown etiology
characterized by progressive gait instability, supranuclear gaze abnormalities, levodopa-
unresponsive parkinsonism and frontal cognitive disturbances [1,2]. PSP is the most
common of the atypical parkinsonian disorders [3], which also include corticobasal
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degeneration, post-encephalitic parkinsonism and multisystem atrophy. The prevalence of
PSP accounts for approximately 5-6% of suspected cases of parkinsonism [3].
Neuropathologically, PSP is considered a “tauopathy”, a group of neurodegenerative
diseases that also includes Alzheimer’s disease (AD), and is characterized by the presence of
abnormal microtubule associated protein tau (MAPT) aggregates as neurofibrillary tangles in
both neurons and glia in specific cortical and subcortical regions [1,2,4]. In contrast to AD,
tau pathology in PSP is not accompanied by amyloid deposits. Very little is known about the
etiology and pathogenesis of PSP and related tauopathies, although genetic and epigenetic
factors, oxidative injury and inflammation are thought to contribute to their development
and progression. Evidence for activated glia in PSP raises the possibility that
neuroinflammation, indeed, may be involved in its pathogenesis [5].

A substantial amount of data supports the idea that inflammation may play a role in many
neurodegenerative diseases, with activated microglia being the common denominator [6,7].
While it is clear that not all activation of microglia results in neuronal cell death, un-
regulated or over-active microglia are indeed capable of neurotoxic effects [8]. Activation of
microglia may be induced by infectious agents, injury or chronic accumulation of abnormal
protein aggregates [9]. The chronic release of inflammatory mediators, such as pro-
inflammatory cytokines, reactive oxygen and nitrogen intermediates and arachidonic acid
metabolites may promote the abnormal activation of microglia and astroglia, recruitment of
inflammatory cells and destruction of normal neurons and synapses [10].

A role for pro-inflammatory cytokines in neuronal death is supported by several lines of
evidence, including data showing that inhibition of endogenous pro-inflammatory cytokines,
such as IL-1, results in decreased neuronal damage in a variety of animal models of neuronal
injury [11]. In contrast, increased expression of pro-inflammatory cytokines, such as IL-1
IL-6 and TNFα, has been associated with neuronal damage in both acute and chronic
neurologic diseases, including AD and Parkinson’s disease [11-15].

Establishing a correlation between PSP pathology and cytokine alterations would be
important not only in understanding the pathogenesis of the disease, but in considering
cytokine-inhibitors or other anti-inflammatory agents as potential therapeutic strategies.
Thus, the purpose of this study was to investigate and compare the expression patterns of
several cytokines (IL-1β, TNFα, IL-6, TGFβ) in different regions of PSP and AD brains.
Inasmuch as PSP and AD primarily affect different areas of the brain, dissimilar patterns of
expression were predicted. The study consisted in the analysis of cytokine expression and
microglial burdens in tissue samples from six different regions obtained from post-mortem
brains of patients with PSP, AD and normal controls.

MATERIALS AND METHODS
Brain tissue samples

Post-mortem tissue samples were obtained from brains donated to the CurePSP Society
Brain Bank, which operates under a specific IRB protocol approved by the Mayo Clinic.
The legal next-of-kin or person with power of attorney signed a consent form allowing the
use of donated brain tissue for research purposes. One half of each brain was preserved
frozen and used for the isolation of RNA, while the other half was formalin-fixed and used
for immunohistochemical studies. The relative abundance of cytokine transcripts was
studied in the subthalamic nucleus (ST), caudate nucleus (CN), substantia nigra (SN), as
well as parietal (PC), frontal (FC) and occipital (OPC) cortices. Tissue samples were
dissected from the freshly-thawed, unfixed post-mortem brains of each of 5 PSP, 5 AD and
4 normal controls without neurodegenerative disease under the direct supervision of an
experienced neuropathologist (D.W.D.). The ST was identified as a lentiform structure
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rostral to the SN and ventral to the thalamus. Immunohistochemical studies for assessment
of the glial burden were performed on formalin-fixed, paraffin-embedded tissue from the
contralateral regions of the same brains. The diagnoses of PSP and AD were based on
published criteria [4,16]. The control group included post-mortem brains from three aged-
matched normal individuals and one with Agyrophillic grains disease/age-associated
calcification. The PSP, AD and control brains were matched for age and RNA Integrity
number (RIN), a measure of the quality of isolated RNA [17]. RINs were obtained from
frozen brain tissue following microcapillary electrophoretic RNA separation and analysis
using an Agilent 2100 Bioanalyzer and Total Eukaryotic RNA nanoscale chips (Agilent
Technologies, Santa Clara, CA). The characteristics of these groups are shown in Table 1.

Total RNA Extraction
Approximately 0.2 × 0.2 cm tissue samples from each region were dissected. Samples were
homogenized in 1 ml TRI reagent (Ambion, Austin, TX) using a Polytron tissue
homogenizer (Kinematica, Switzerland) and total RNA isolated from the homogenates
following the manufacturer’s recommendations. The quality and quantity of the RNA was
assessed spectrophotometrically. The OD260/OD280 ratios were typically in the 1.8-2.1
range. RNA quality and absence of significant RNA degradation was confirmed by
formaldehyde gel electrophoresis and staining with propidium iodide.

Reverse-transcription and Real-time PCR
Approximately 1 μg of total RNA per sample was used to prepare cDNA using a Reverse
transcription kit according to the manufacturer’s recommendations (Applied Biosystems,
Foster City, CA). The relative abundance of cytokine transcripts was then assessed by real
time polymerase chain reaction (PCR) amplification using specific primers and SYBR green
I reagents for detection in an Applied Biosystems 7300 Real Time PCR System. Reactions
in which the enzyme or cDNA were omitted were be used as negative controls. The relative
gene expression of the different cytokines was analyzed using the 2−ΔΔCt method by
normalizing to the expression of glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
gene in all the experiments. With exception of the cerebellum, uniform levels of GAPDH
expression has been reported in different areas of the brain, thus making this a convenient
housekeeping gene for normalization [18]. Melting curve analysis of each reaction was used
to discard primer-dimer artifacts or contamination and to ensure reaction specificity. Primers
used in these studies were:

GAPDH: (122-141): 5′-GAGTCAACGGATTTGGTCGT-3′

(335-316): 5′-TGGAAGATGGTGATGGGATT-3′

IL-1β: (1009-1028): 5′-TCTACACCAATGCCCAACTG-3′

(1213-1194): 5′-AGCGAATGACAGAGGGTTTC-3′

IL-6: (241-262): 5′-CACACAGACAGCCACTCACCTC-3′

(375-356): 5′-CTGCCAGTGCCTCTTTGCTG-3′

TNFα: (251-269): 5′-AGGCGGTGCTTGTTCCTCA-3′

(417-394): 5′-GTTCGAGAAGATGATCTGACTGCC-3′

TGFβ1: (1407-1427): 5′-CAACAATTCCTGGCGATACCT-3′

(1542-1522): 5′-GCTAAGGCGAAAGCCCTCAAT-3′
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Microglial burden
The microglial burden was investigated in formalin-fixed, paraffin-embedded tissue samples
using the method described by Ishizawa and Dickson [5], based on immunohistochemical
staining of activated microglia with a monoclonal anti-human HLA-DR (LN3; ICN
Biomedicals, Costa Mesa, CA) followed by image analysis. The captured images were
processed with a Sigma Scan Pro image analysis software (Jandel Scientific, San Rafael,
CA) by conversion to gray-scale images and detection of the immunolabel by its pixel
intensity. The area occupied by the labeling was measured and a ratio of immunoreactive
(LN3) to total pixels was calculated to estimate the burden. Microglial burden is expressed
as the LN3 %-area.

Statistical Analysis
Statistical analysis was performed using GraphPad Prism 5.0 (GraphPad Software, La Jolla,
CA). Data distribution was analyzed using the D’Agostino and Pearson omnibus normality
test. Comparisons between groups were performed using one-way ANOVA followed by
Bonferroni’s post-hoc test. Correlation analyses were performed by the Pearson’s method.
Values of p<0.05 were considered statistically significant.

RESULTS
Comparison of the relative abundance of cytokine transcripts

Transcripts for all four cytokines investigated were consistently detected in all brain groups.
The relative abundance of cytokine transcripts was IL-6>IL-1β>TGFβ>TNFα in all brain
groups when expressed as the ratio of the cytokine transcripts relative to that of the house-
keeping gene control, GAPDH (Figure 1A-D). Comparison of the results showed that IL-1β
expression levels were higher in the ST and SN of PSP brains, when compared to those of
AD and normal controls. In contrast, they were higher in the cortical regions of AD brains,
particularly the FC and PC, compared to PSP or normal controls (Figure 1A). There were
significant differences (p<0.05) between PSP and AD patients for the SN (higher in PSP)
and PC (higher in AD). While the expression levels of TGFβ transcripts in the ST and SN of
PSP were not different from AD, their expression in the cortical areas (FC, PC and OC) was
statistically higher for AD patients compared to PSP patients and controls (Figure 1B).

The expression pattern of IL-6 and TNFα generally mirrored that of TGFβ, being higher in
the cortical areas of AD compared to PSP (Figures 1C and 1D). Although the expression of
these two cytokine transcripts in the SN appeared to be higher than in the ST and CN, there
were no appreciable differences between PSP and AD. The average levels of expression for
the control samples were relatively lower, suggesting a relative overall higher expression in
the brains affected by PSP and AD.

Microglial burden
To investigate and compare the degree of microglial activation in the same brain areas
analyzed in the cytokine expression studies, the microglial burden was determined in the
contralateral regions of the same brains. Two clearly distinct patterns were observed when
comparing PSP to AD brains. Figure 2a-f shows micrographs depicting representative
staining patterns in the ST (a,b), SN (c,d) and mid-FC (e,f) of PSP (a,c,e) and AD brains
(b,d,f). In PSP, activated microglia are present in those regions with neurodegeneration (ST,
SN), while resting-type microglia (i.e., ramified) are present in an unaffected area (FC). In
contrast, in AD sparse ramified microglia are present in areas relatively unaffected (ST, SN)
while affected areas (FC) have activated microglia. Insets in Figures 2b and 2c show
ramified and a phagocytic (ameboid) microglial cells, respectively. Inset in Figure 2f shows
activated microglia associated with a senile plaque. Figure 3A presents the quantification of
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the microglial burden in the different brain regions. Whereas PSP had higher microglial
burdens in the SN (average score of 1.9) and ST (average score: 1.4) compared to other
brain regions, AD had the highest microglial burden scores in cortical areas, particularly the
PC and FC (average score: 1.9).

Correlation between cytokine expression and microglial burden
The degree of correlation between the cytokine expression and the microglial burden scores
was investigated in all six brain regions (Figure 3B-E). The most significant correlation with
microglial burden was with IL-1β, which had a positive correlation (r=0.785; p=0.003). The
microglial burden also showed a positive correlation with the expression of TGFβ (r=0.667;
p=0.018). The expression of TNFα and IL-6 did not show significant correlations with
microglial burden (r= 0.450, p=0.142; and r=0.459, p= 0.134, respectively).

DISCUSSION
Results of this study indicate that expression of IL-1β as well as the microglial burden in
brain tissue are increased in the ST and SN of PSP, and FC and PC of AD brains, the areas
primarily affected in each disease. Moreover, the expression of TGFβ and two pro-
inflammatory cytokines, IL-6 and TNFα, appeared to be increased in cortical regions of AD.
These results point to a correlation between the local alterations in the expression of
cytokines, particularly IL-1β, and the areas preferentially affected in each disease,
suggesting that these cytokines might play a role in the neurodegenerative process.

In a previous publication comparing microglial activation in PSP and corticobasal
degeneration, Ishizawa and Dickson demonstrated that there was a high degree of
correlation between the microglial activation, tau burden and the areas of degeneration in
each disease, suggesting that microglial activation may play a role in their pathogenesis [5].
In PSP, microglial burden was highest in the basal ganglia and cerebellar output and input
systems. The two neuroanatomic nuclei with the highest levels of microglial burden were
the SN and the ST, which were precisely the areas that showed the highest levels of
expression for IL-1β (and difference with AD) in our studies.

In addition to IL-1β, the other pro-inflammatory cytokines, TNFα and IL-6, also tended to
be expressed at relatively higher levels in the SN, particularly when compared to normal
controls. Their expression, however, was not significantly different when compared to the
same areas of AD. The higher expression of pro-inflammatory cytokines in these areas is
consistent with models proposing a role for inflammation in the CNS as a key event
contributing to neuronal cell death. Although microglia normally respond to neuronal
damage and remove damaged cells, conditions leading to chronic microglial activation and
the sustained release of pro-inflammatory cytokines in addition to other potentially toxic
factors, may promote neuronal cell death and contribute to the neurodegenerative process
[8-10]. Whether pro-inflammatory cytokines, particularly IL-1β, play a causal role or are
simply secondary to neuronal damage in PSP, remains to be determined.

In regard to a potential causal role, a model has been proposed in which the production of
IL-1 by activated microglia is part of a feedback cascade whereby IL-1-mediated MAPK-
p38 overexpression leads to tau hyperphosphorylation, decreased synaptophysin expression
and neurofibrillary pathology [19. Thus, the involvement of IL-1β in neurodegenerative
diseases is not only supported by its expression pattern but by its activity. In addition,
evidence that certain polymorphisms that increase expression of IL-1α and IL-1β genes
increase the risk of AD, further supports a potential role for these cytokines in the
pathogenesis of neurodegenerative disorders [20].
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In the case of TGFβ1, our studies detected significantly increased expression in cortical
areas of AD, but not PSP. These results are consistent with reports that the expression of the
TGFβ cytokine family is induced by Aβ amyloid and increased in areas of plaque deposition
[21]. The roles of TGFβ1 and other members of the TGFβ family (TGFβ2, TGFβ3) in the
pathology of AD and other neurodegenerative diseases are not clear, since they have been
reported to have both protective and harmful effects [22-24]. TGFβ1 is normally considered
an anti-inflammatory cytokine, and thus its increased expression near amyloid plaques may
be beneficial, probably representing an attempt to counteract inflammatory reactions,
including inhibition of the production of pro-inflammatory cytokines [7]. In this regard,
TGFβ1 has been reported to repress activation and resultant death of microglia through
inhibition of phosphatidyl inositol 3-kinase activity [23]. On the other hand, there is also
substantial evidence that expression of TGFβ1 may also promote amyloidogenesis [22,24].
For example, co-expression of amyloid precursor protein and TGFβ1 in astrocytes resulted
in accelerated deposition of amyloid-β peptide in transgenic mice [22]. Although the role of
TGFβ family members in AD is supported by many reports, its potential role in PSP remains
unclear. Even though our studies did not detect significantly increased expression of TGFβ1
in PSP brains compared to controls, the finding of increased expression of TGF-β receptor-I
(TGFβ RI) in reactive glia of both AD and PSP [25] suggests that some members of this
cytokine family may play a role in PSP.

Inasmuch as transcripts for both pro-inflammatory cytokines and TGFβ were detected in our
studies, the potential modulatory effects of latter on the actual expression of cytokines such
as IL-1β and TNFα need to be considered. In this regard, TGFβ has been reported to regulate
the production of TNFα and IL-1β at multiple levels, in some cases inhibiting translation of
their transcripts [26-28]. Thus, it is possible that expression of TNFα and IL-1β at the
protein level might be tempered by the activity of TGFβ.

A key issue and potential limitation to analyses of expression of RNA transcripts in post-
mortem brains, such as the present study, is the quality of tissue/RNA used. Inasmuch as
post-mortem interval has been demonstrated to be a poor indicator of brain RNA integrity
[29], we attempted to match our samples for RIN, which more closely match the tissue
quality when it was actually used. RINs integrate effects on RNA due to freeze-thaw,
storage, in addition to postmortem delay and effects of agonal state. Another limitation to
our study was the relatively low number of individuals analyzed and the statistical
implications of a low sample size. Our study succeeded in establishing that expression of
IL-1β was significantly increased in those brain areas affected by neurodegeneration in PSP
brains. However, differences in the clinical manifestations of PSP may be related to
variability in the degree of tau pathology in different brain regions [2], thus studies with
larger numbers of brains and exploring additional regions are necessary. Moreover, the
potential involvement of TGFβ1 and other cytokines such as TNFα and IL-6 (which did not
reach statistical significance in our study) needs to be analyzed in using a larger sample size.
In this regard, cytokine expression at the protein level along with identification of the cells
responsible for their synthesis need also be considered to better define the role that cytokines
play in the pathogenesiss of PSP.

In conclusion, our study shows a topographical relationship between the expression of
certain cytokines (IL-1β and TGFβ) and brain areas affected by neurodegeneration in PSP
and AD, suggesting that they may be involved in the pathologic process. If confirmed to
play a causal role, this kind of evidence would favor the idea that anti-inflammatory
treatments may be beneficial. Although in the case of AD the evidence from anti-
inflammatory clinical trials remains controversial [30], no such trials have been conducted in
PSP patients.
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Research Highlights

1. We studied expression of cytokine mRNAs in brains of PSP vs. Alzheimer’s
disease

2. Higher expression of IL-1β in substantia nigra of brains from PSP patients

3. Higher expression of IL-1β in parietal cortex of brains from Alzheimer’s
patients

4. Higher expression of TGFβ in cortical areas of Alzheimer’s patients

5. Correlated IL-1β expression, microglial activation and neurodegeneration
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Figure 1.
Relative expression of transcripts for IL-1β (A), TGFβ1 (B), TNFα (C) and IL-6 (D) in the
subthalamic nucleus (ST), caudate nucleus (CD), substantia nigra (SN), frontal cortex (FC),
parietal cortex (PC) and occipital cortex (OC) of post-mortem brains from PSP, AD patients
and controls. Transcript expression was measured by real time PCR after reverse
transcription of total RNA extracted from the dissected tissues. The relative abundance of
each transcript is expressed as its ratio to that of the house-keeping gene, GAPDH. Results
represent the mean and standard error (n=5 [PSP and AD]; n= 4 [controls]). Statistically-
significant differences, * (p < 0.05) and ** (p<0.01), over the corresponding groups are
indicated.
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Figure 2.
Micrographs of representative LN3-staining (HLA-DR) used for assessment of microglial
burden in the subthalamic nucleus (a,b), substantia nigra (c,d) and mid-frontal cortex (e,f) of
PSP (a, c & e) and AD brains (b, d & f). Insets in Figures 2b and 2c show ramified and a
phagocytic (ameboid) microglial cells, respectively. Inset in Figure 2f shows activated
microglia associated with a senile plaque. HLA-DR staining was performed by
immunohistochemistry on paraffin-embeded tissue from the contralateral areas of the same
brains used for cytokine analyses.
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Figure 3.
A. Microglial burden in the subthalamic nucleus (SN), caudate nucleus (CD), substantia
nigra (SN), frontal cortex (FC), parietal cortex (PC) and occipital cortex (OC) of post-
mortem brains from PSP and AD patients. Microglial burden was measured after staining
for HLA-DR expression by immunohistochemistry with the LN3 antibody followed by
image analysis and expressed as the percent of the total area occupied by the LN3 label
(LN3 %-area). Scores represent the mean and standard error (n=5). B-E. Linear regression
analysis of the correlation between cytokine transcript expression and the microglial burden
(MB). Expression of transcripts for IL-1β (B), TGFβ1 (C), TNFα (D) and IL-6 (E) in all six
brain areas examined were plotted against the microglial burden scores. Pearson correlation
coefficients (r) are indicated in each graph. Statistically significant correlations, * (p < 0.05)
and ** (p<0.01), are indicated.
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TABLE 1
Summary of characteristics of post-mortem brains groups

Group/Pathology Braak Score Age (years) Sex RIN

PSP 0.9 ±0.9 71.4±4.0 5M 5.9±1.3

AD 5.8±0.4 72.4±3.3 3M/2F 5.9±1.0

Normal 1.9±1.4 77.8±3.9 2M/2F 4.5±2.1

Numbers represent average and S.D. for each group. PSP: Progressive Supranuclear Palsy; AD: Alzheimer’s Disease; RIN: RNA integrity number;
M: male; F: female.
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