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Abstract
We reported that tumor necrosis factor receptor I (TNFRI) is required for neuronal death induced
by amyloid-β protein in the Alzheimer’s disease (AD) brain. However, whether TNF receptor
subtypes are expressed and activated differentially in AD brains compared to non-demented brains
remains unclear. Our studies on Western blot and ELISA measurements demonstrated that TNFRI
levels are increased whereas TNFRII levels are decreased in AD brains compared to non-
demented brains (p < 0.05). Immunohistochemical results demonstrated that both TNFRI and
TNFRII are expressed in neurons in AD and non-demented brains. However, in situ hybridization
studies showed little change in the mRNA levels of either type of TNF receptor in the neurons of
AD brains compared to non-demented brains. To examine whether different levels of TNF
receptors in AD brains are correlated with the alteration of functional binding of TNF receptors,
by using 125I-TNF-α binding technique, we found that, in AD brains, 125I-TNF-α binding affinity
to TNFRI is increased, whereas binding affinity to TNFRII is decreased (p < 0.01). These studies
reveal a novel observation of abnormal TNF receptor activation in AD brains. Differential TNF
receptor protein levels and binding affinities suggest distinct pathogenic mechanisms of
neurodegeneration in the AD brain.
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INTRODUCTION
Produced mainly by cells of the immune system, tumor necrosis factor-α (TNF-α) operates
in various parts of the body as a key cytokine in inflammation and immune processes [1]. In
the peripheral immune system, activated macrophages and monocytes release TNF-α. In the
brain, TNF-α is expressed by neurons and glia and promotes inflammatory responses by
recruiting microglia or astrocytes to lesion sites, leading to glial cell activation. After its
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release, TNF-α binds to specific membrane glycoprotein receptors (TNFR I and II) to elicit
biological effects by mechanisms not fully understood. The two receptor subtypes, TNFRI
and TNFRII, differ considerably in amino acid sequence, with just 24% homology in the
extracellular region and < 10% homology in the intracellular domain. The receptors also
differ functionally. TNFRI, but not TNFRII, contains an intracellular “death domain” that
activates NF-κB signaling pathways leading to apoptosis [2,3]. On the other hand, our
previous gene knockout studies have shown that TNFRII plays a trophic or protective role in
neuronal survival [4].

Once released by activated microglia or astrocytes, TNF-α can be trophic or toxic,
depending on the stage of development, the target cell, and the receptor subtype. For
example, TNF-α protects fetal and postnatal neurons after glucose deprivation [5], and it
also protects adult cortical neurons after traumatic brain injury [6]. TNF-α has been shown
to promote reparative remyelination in an experimental model of demyelination [7,8].
However, as a proinflammatory cytokine, TNF-α has been implicated in the neuronal
damage caused by a variety of brain insults [9–15]. Additionally, the same doses of TNF-α
can be protective to neurons from middle-age or embryonic rats, but toxic to old rat neurons
[16]. Indeed, TNF-α can become destructive, and even toxic, during aging, injury, and in
certain types of chronic neurodegenerative disease states such as Alzheimer’s disease (AD).

Using virally-infected primary neurons that overexpress TNFRI or neurons from TNFRI
knockout mice, we have recently demonstrated that amyloid-β (Aβ) protein, a major
component of plaques in the AD brain, induces neuronal apoptosis through TNFRI [17]. Our
in vitro studies show that TNF-α has little effect on hippocampal neurons from TNFRI−/−
knockout mice, whereas neurons from TNFRII−/− mice are typically vulnerable to TNF-α
even at low doses [2]. Recently, we have reported that deletion of the TNFRI gene in APP23
transgenic mice (APP23/TNFRI−/−) inhibits Aβ generation, diminishes Aβ plaque
formation, and prevents learning and memory deficits [18]. Together, these results suggest
that TNFRI and TNFRII may play distinct roles in neurodegeneration as well as in Aβ
plaque formation.

In the present study, we tested a hypothesis that distinct TNF receptor subtypes are
expressed differently in AD brains, which is responsible for differential functional ligand
binding of TNF receptor subtypes. We therefore studied the quantitative TNF receptor
subtype protein expression, the receptor mRNA distribution, and the radioligand functional
binding affinity of the TNF receptors in the cortices from AD and non-demented (ND)
individuals postmortem.

PATIENTS AND METHODS
Brain samples for research

Human tissue used in this study was collected with informed consent of subjects or next of
kin and with ethical approval from the institutional review boards of Sun Health Research
Institute. All procedures involving experiments on human subjects are done in accord with
the ethical standards of the Committee on Human Experimentation of Sun Health Research
Institute. Frontal cortex samples from clinically diagnosed, neuropathologically confirmed
AD and ND patients were frozen at autopsy and stored in vacuum-sealed plastic bags at
−80°C until assayed. A board-certified neuropathologist using Consortium to Establish a
Registry for Alzheimer’s Disease (CERAD) [19] criteria performed neuropathology
evaluations. Postmortem intervals averaged less than 3 hours. We randomly selected 24
cases, consisting of 12 AD cases and 12 aged-matched ND control cases. All of the cases we
used died from lung or kidney failure, and they did not have any other central nervous
system diseases, sudden death or infectious diseases (based on clinical records and
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pathological examination). However, it is possible that some particular infectious diseases
might affect TNF receptor expression, and many respiratory and renal failures result from
inflammatory, immunological, and collagen diseases occurring in lung and kidney.
Therefore, we have already excluded patients with immunological disorders or severe
infectious diseases. In AD group, 8 cases died from chronic renal failure due to hypertensive
nephrosclerosis or urolithiasis, and 4 cases died from respiratory failure due to pulmonary
embolism. In the ND group, 10 cases died from chronic renal failures due to hypertensive
nephrosclerosis, renal vein thrombosis, or renal artery stenosis, and 2 cases died from
respiratory failure due to pneumothorax. These two groups were well-matched regarding
gender, age, postmortem interval, and sample preparations (Table 1). Analyses of TNFR
mRNA and protein levels were carried out using the same tissue samples from cortical
regions of AD patients and aged-matched ND controls.

Western blot analysis
For neuron specific enolase (NSE; Abcam, Cambridge, MA, 1:1000) and synaptophysin
(Santa Cruz, CA, 1:1000) Western blots, AD and ND brain samples were individually
homogenized in 5 volumes of homogenizing buffer containing 10 mM Tris-HCl, pH 7.4, 25
mM NaCl, 50 mM EDTA, 1 mM EGTA plus 0.5% Triton X-100, 10% SDS, and a protease
inhibitor cocktail (Boehringer Mannheim, Indianapolis, IN). For TNFRI and TNFRII (R&D
System, Minneapolis, MN, 1:1000) Western blots, tissue membrane samples were used. The
brain samples were homogenized in 5 volumes of buffer containing 50 mM phosphate, pH
7.7, and a protease inhibitor cocktail. The tissue membrane samples (25000 × g, 30 min)
were collected and dissolved in the homogenizing buffer. β-actin (Sigma, St. Louis, MO,
1:5000) was examined as a loading control.

ELISA assays of TNFRI and TNFRII
For TNFRI and TNFRII ELISAs, recombinant purified TNFRI standard, recombinant
purified TNFRII standard, or brain cortex homogenates were added to polyclonal anti-
TNFRI or anti-TNFRII (R&D System, Minneapolis, MN) antibody-coated plates and were
incubated at 25°C for 2 hours to permit TNFRI or TNFRII be captured. To bind captured
TNFRI or TNFRII, 100 μl of 0.3 μg/ml monoclonal anti-TNFRI antibody or anti-TNFRII
antibody (R&D System, Minneapolis, MN) was added. Biotinylated anti-mouse IgG and
avidin-conjugated HRP and OPD (o-phenylenediamine dihydrochloride) were employed to
detect binding. The specificity of the ELISA protocols was verified by serial dilutions of
purified TNFRI and TNFRII standards. Pilot studies with the TNFRI and TNFRII ELISA
demonstrated that it could detect as little as 3–5 pg TNFRI or TNFRII/ml (data not shown).
The unit for ELISA was pg/mg protein, meaning that every milligram total protein from wet
brain tissue contains amount of TNFRI or TNFRII protein.

In situ hybridization
Riboprobes for both TNFRI and TNFRII were generated from full-length cDNAs of TNFRI
and TNFRII in pBluescript II SK+ linearized with EcoRI and transcribed with T7 RNA
polymerase. Briefly, cRNA probes were labeled with the random primer kit (Amersham
Biosciences, Arlington Heights, IL) using [α-35S]dATP according to the manufacturer’s
instructions. The labeling was carried out using 1 μg of linearized cRNA, incubated for two
hours to a specific activity of approximately 1 × 109 cpm/μg. The probes were purified on
Nuc Trap Column (Stratagene, La Jolla, CA) prior to use. Coronal sections (12 μM) of brain
tissues were cut in a cryostat at −20°C. The sections were thawed onto slides precoated with
poly-l-lysine (40 mg/ml) and were stored at −80°C until the slides were processed for in situ
hybridization histochemistry. In each experiment, every three sections of human brain tissue
were hybridized with either the antisense and sense TNFRI cRNA probes or the anti-sense
and sense TNFRII cRNA probes. In brief, tissue sections were fixed in phosphate buffer
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saline (PBS) containing 5% paraformaldehyde for 30 min at room temperature and rinsed
twice in PBS. The slides then were treated with 0.25% acetic anhydrite and 0.1 M
triethanolamine for 10 min at room temperature. After dehydration in a graded ethanol
solution (50%, 75%, 95%, and 100%), the slides were air-dried. Tissue sections were
hybridized overnight (16 hours) at 42 °C in a mixture containing 50% deionized formamide,
10% dextran sulfate, 2X SSC, 300 μg/ml of yeast tRNA, 13 Denhardt’s solution 10%
dextran sulfate, 0.5 mg/ml sheared salmon sperm DNA, 0.02 M Na3PO4, 0.05 M
dithiothreitol, and 35S-labeled 107 cpm/ml probes of sense or antisense cRNA of TNFRI or
TNFRII. After performing a final stringency wash at 63°C in 0.1X SSC and allowing the
sections to air-dry, the sections were dipped in Kodak NTB-3 photo emulsion (diluted 1:1 in
water), exposed for 6 weeks at 4°C, developed, and fixed. The tissues were then
counterstained with crystal violet, and the cover slip was applied with Protex mounting
medium.

Immunohistochemistry of TNF receptors in AD and ND brains
The superior frontal cortex tissues from AD and ND patients were fixed with 4%
paraformaldehyde and sectioned to 30 μm. The sections were pre-treated with 0.3% triton
x-100 and blocked with 10% donkey serum for 30 min. Primary antibodies were applied
with goat anti-TNFRII (Santa Cruz Biotechnology, 1:200), rabbit anti-TNFRI (Abcam,
1:500), mouse anti-NeuN (Millipore, 1:100), and rabbit anti-GFAP (DAKO, 1:4000) and
mouse anti-GFAP (Covance, 1:5000). The incubation was performed overnight at 4°C.
Secondary antibodies of donkey against goat or mouse or rabbit with fluorescence 488 or
568 (Invitrogen, 1:1000) were incubated for 30 min. The images were taken with FluoView
FV1000 confocal microscope (Olympus).

TNF receptor binding in brain tissue
Samples of the frontal cortex and hippocampus were dissected just prior to being assayed.
The cortices were homogenized with a glass homogenizer in 50 volumes of ice-cold Tris
buffer saline (TBS, 50 mM, pH 7.7) containing phenylmethyl-sulfonyl fluoride (PMSF, 0.1
mM), EDTA (1 mM) and NaCl (l00 mM). The homogenates were centrifuged (14,000 × g)
for 30 min and resuspended in potassium phosphate buffer (50 mM), pH 7.2, bovine serum
albumin (0.2%) and EDTA (10 mM). The tissue membrane suspensions were incubated with
5 concentrations of 125I-TNF-α (10–10,000 pM, Amersham Biosciences, Arlington Heights,
IL) for 120 min at 4°C in the absence or presence of 100 μM cold TNF-α (R&D System,
Minneapolis, MN) to measure total and non-specific binding. Specific binding (the
difference between binding of 125I-TNF-α in the absence and presence of cold TNF-α) was
usually >80% of the total 125I-TNF-α binding activity. At the end of the incubation, ice-cold
TBS buffer was added to the tubes. After centrifugation, 3 ml of ice-cold buffer was added
to the tubes, followed by filtration through a Brandell (Gaithersburg, MD) cell harvester,
using GF/C glass fiber filters previously soaked in 0.05% polyethylenimine. The
radioactivity on the filters was determined in a liquid scintillation counter with a counting
efficiency of approximately 40% (Wallac, Gaithersburg, MD). The data preprocessing was
performed using the Prism program, and the actual nonlinear curve-fitting was performed by
LIGANDS software.

RESULTS
Different protein levels of TNF receptor subtypes in the AD brain

Since TNF receptor is required for amyloid protein induced neuron death [18], it is essential
to understand whether protein levels of TNFR are changed in the AD brain. Densitometric
analysis of TNFRI, TNFRII, NSE, and synaptophysin immunoreactive bands in Western
blots from identical brain regions of the same patients showed a 24% reduction in
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synaptophysin and a 17% increase in TNFRI in AD frontal tissue compared to that found in
ND (Fig. 1A and B) tissue. Interestingly, TNFRII has a significant decrease (35%) in AD
brains compared to that in ND brains (Fig. 1A and B). We also note that the decreased level
(43%) of TNFRII from ELISA data is lower than that from the Western blot study (35%)
and the increased level (28%) of TNFRI from ELISA data is higher than that from Western
blot study (17%), suggesting our TNFR ELISAs are more sensitive than regular Western
analysis (Fig. 1C). Meanwhile, we have also used NSE, a neuronal cell body marker, to
evaluate neurodegeneration in AD brains (Fig. 1A and B). Our results demonstrate that NSE
has little change between AD and ND brains. These results suggest that TNFRI
overexpression and TNFRII deficiency may cause neuronal vulnerability because high
levels of “death-domain” containing neurons in the AD brain. Additionally, the TNFRII
deficiency may not be entirely due to neuronal loss. The decrease of TNFRII levels may be
due to the death of neurons that normally express the TNFRII protein, or to decreased
expression of the protein in affected regions of the AD brain.

Expression of TNFRI and TNFRII in the human brain at the mRNA and protein levels
To map the cellular distribution of TNFRI and TNFRII in the brain, sense and antisense 35S-
labeled cRNA probes of these two genes were hybridized to coronal sections of AD and ND
frontal cortex. Sense strand control probes showed little or no hybridization to frontal cortex
sections from three different AD specimens (representative pictures are demonstrated in Fig.
2B, D, F, and H). In adjacent sections of the frontal cortex, specific antisense TNFRI
hybridization was localized to the interneurons and pyramidal neurons in frontal cortex
sections from all of the AD individuals and the enlargement of this region highlights the
prominent laminar labeling consistent with localization to pyramidal and interneurons within
this cortex area (Fig. 2A). These results suggest that interneurons and pyramidal neurons are
the cell types that predominantly but not exclusively express TNFRI mRNA and there is no
significant difference between AD and ND brains in our experimental condition (Fig. 2A
and E). To confirm that neurons that synthesize TNFRI would be the same neuronal
population expressing TNFRII, we used a cRNA probe for TNFRII to hybridize the same
brain sections. Interestingly, we found that both TNF receptor transcripts were expressed in
a similar pattern in the cortex (Fig. 2). Specifically, TNFRII transcripts were also detected in
both pyramidal and interneurons of the cortex (Fig. 2C and G). However, not all cells were
labeled; numerous small cells with darkly stained nuclei (possibly were microglia) were
unlabeled in the area where there was specific labeling of adjacent small cells (non-
pyramidal neurons and/or astrocytes). Similar to TNFRI, we did not observe any significant
difference in TNFRII between AD and ND (Fig. 2C and G). Immunohistochemistry of
TNFRI (Fig. 3A) and TNFRII (Fig. 3B) with neuron marker NeuN in neurons of the AD and
ND superior cortex region further supported the in situ hybridization results that neurons do
express TNFRI and TNFRII. Specifically, we found that TNFRI and TNFRII were
immunostained on the cell membrane around neurons (verified by NeuN staining). Increased
expression of TNFRI and the decreased expression of TNFRII were showed in AD patients
compared to ND controls (Fig. 3 A and B). Astrocytes have little TNFRII expression with
immunostaining even in the over-activated astrocytes of AD patients.

Distinct TNF-α radioligand binding affinities to TNF receptor subtypes in AD Brains
To examine whether the binding activities of 125I-TNFα to these two receptors are altered in
the AD brain, we compared radioligand binding in AD versus ND brain tissue membrane
preparations. 125I-TNF-α binding is saturable with the first class of binding sites (average
Kd = 1.67 nM) and the second class of binding sites (average Kd = 3.56 nM) in ND brains
(Table 1). This suggests two classes of binding sites (high and low affinities) in the brain
tissue, which may correspond to TNFRI and TNFRII, respectively. In AD brains, however,
the binding affinity for the first class of binding sites is higher (Kd = 0.96 nM) whereas the
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second class binding affinity in AD brain tissue is significantly lower (Kd = 12.85 nM)
compared to ND (Table 1). We also evaluated inhibition of 125I-TNF-α binding using
unlabeled TNF-α in tissue from ND and AD brains. TNF-α is uniquely potent with IC50
values from 0.53 nM to 12.16 nM in ND brains for the two binding sites, respectively (Fig.
4). In AD brains, TNF-α displays an IC50 for the first class of binding sites of 0.36 nM
(about 30% higher potency than in ND brains) and for the second class of binding sites of
21.43 nM (around 45% lower potency than in ND brains) as illustrated in Fig. 4. This is
consistent with the binding results of higher affinity in the first class of binding sites and
lower in the second class of binding sites in AD brains.

DISCUSSION
The results presented in this paper are the first to demonstrate that TNFRI and TNFRII are
expressed and activated differentially in AD and ND brains. AD brains exhibit elevated
TNFRI protein levels and reduced TNFRII levels compared to ND brains; however, the
mRNA distribution of these two receptors does not differ significantly in these two groups.
Moreover, TNFRI exhibits a higher affinity and TNFRII presents a lower affinity for 125I-
TNF-α binding in AD brains.

Most chronic neurodegenerative diseases, including AD [21], are accompanied by a
cytokine-mediated inflammatory response termed neuroinflammation. Though most
cytokines, including TNF-α, are expressed at very low levels in the healthy brain [22],
disease-related neuroinflammation can be detected years before neurons die in significant
numbers. In AD patients, activated microglia cells, especially those associated with amyloid
deposits, secrete high levels of TNF-α [23–25]. Elevated TNF levels also appear to correlate
with disease progression, as high serum levels of TNF are present in patients with severe
AD compared to individuals with mild-to-moderate disease [26]. The initial event in the
action of TNF-α is its binding to specific receptors on cell surfaces. It has been recognized
and established that TNF-α binds to responsive cells with both high and low affinities,
suggesting two distinct classes of TNF receptors, i.e., TNFRI and TNFRII [2,27,28]. Our
previous radiolabeled Aβ binding assay has shown that Aβ1–40 binds with high affinity and
specificity to TNFRI [17]. Here, using radiolabeled TNF-α, we found that in the AD brain,
which features plaques containing Aβ, TNFRI binding affinity is increased while TNFRII
binding affinity is significantly decreased. One possible explanation is that Aβ might
enhance TNF-α binding affinity to TNFRI but decrease binding affinity to TNFRII;
therefore, these two types of TNF receptors are in fact activated differentially in the AD
brain.

Depending on cellular context, TNFRI and TNFRII can activate many of the same
downstream pathways and can either act synergistically or in opposing fashions. TNFR1
contains a cytoplasmic death domain that binds to adaptor TRADD (TNFR-associated death
domain), which activates NF-κB or caspase cascades [29]. Although TNFRII lacks the death
domain sequence, it recruits adaptor protein, TRAF2, allowing subsequent activation of NF-
κB as well [30]. In general, TNFRI activates pro-apoptotic pathways [31–33], whereas
TNFRII is associated with cell survival [2,3,34, 35]. Patients with AD-type dementia were
reported to bear significantly enhanced numbers of both receptors on T lymphocytes [36].
TNFRI and TNFRII are mainly expressed in neurons although glial cells have also shown to
express TNFRI and TNFRII [37,38]. In a study of postmortem AD and control brain tissue,
the proportion of cortical neurons immunopositive for TNFRI, TRADD, activated caspase-3,
or TNF-α was elevated 3- to 10-fold in AD over that in age-matched control brains, but the
number of neurons that could be labeled for TNFRII was decreased, suggesting activation of
the TNF death receptor pathway in AD [39]. However, in a more recent study, no variations
in TNFRI and RII mRNA and protein expression were found to be associated with AD [40].
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Our present study, using rapidly autopsied AD brain tissues, demonstrates that the two
TNFR receptors, TNFRI and TNFRII, are mainly expressed in neurons from cortical regions
(Fig. 3), suggesting that results from radioligand binding and biochemistry represent
neuronal findings. While we observed that TNFRI expression is increased, expression of
TNFRII is decreased in AD brains compared to ND brains. Furthermore, to support the
results from immunohistochemistry, we found that the ratio of TNFRI/TMFRII is changed
in AD patients such that TNFRI protein levels are upregulated, leading to increased neuron
death, and TNFRII protein levels are downregulated, leading to decreased neuron survival.
No significant differences in these two receptor mRNA expressions were observed between
AD and ND, suggesting that alteration of TNF receptors in the AD brain might occur at the
translational level.

Our results also demonstrate that synaptophysin was only reduced 24%, while TNFRI was
increased 17–28% and TNFRII was significantly decreased 35–43% in AD brains. As our
results demonstrate, the measurement of TNFRI and TNFRII by ELISA is much more
sensitive than that by Western blot analysis. Surprisingly, we did not see a significant
change in NSE protein levels in the AD brain compared to the ND brain, nor did we observe
any significant changes in microtublin associated protein (MAP-2) or β III tublin (data not
shown). One possibility is that these neuronal cell body markers are not sensitive enough to
detect neuron loss in the AD brain compared to synaptophysin detection. The other
possibility is that synaptic loss may be earlier than neuron loss in the AD brain. Although
24% reduction of synaptophysin and 35–43% decrease of TNFRII fall into the same range,
TNFRII decrease may reflect the function of TNFRII is deficiency. This deficiency may not
be parallel to the same degree of synaptophysin deficiency. Similar pathological findings we
have observed in another immunological protein, CD59, in AD brains [41] and TNF
receptors in vitro [2] and in vivo with Aβ interaction [17,18]. Taken together, these data
further suggest that TNFRII deficiency may not, at least entirely, be due to synaptic or
neuron cell body loss in the AD brain.

Overall, these results are the first to demonstrate that two types of TNF receptors in the AD
brain are expressed and activated differentially compared to ND. TNFRI protein levels are
increased, but TNFRII levels are decreased in the AD brain. TNFRI binding affinity is
increased, while TNFRII binding affinity is significantly decreased. Thus, the ratio of the
two TNF receptor subtypes might be involved in different signal transduction pathways and
regulates neuronal death or survival. Our data give further support for the important roles of
TNF-α and its receptors in the pathogenesis of AD. The results from these studies may lead
to the exploration of TNF receptors as alternative therapeutic targets in the treatment of AD,
providing the basis for developing agonist and antagonist systems for TNF receptor subtypes
and also encouraging better strategies for treatments of AD as well as other brain disorders
related to neuroinflammation.
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Fig. 1.
Different levels of TNFRI and TNFRII protein in AD brains. The frontal cortex region in
AD and ND individuals were homogenated, and TNFRI and TNFRII protein levels were
measured specifically by Western blot (A and B) and ELISA (C). Western blot studies on
TNFRI and II, synaptophysin, and neuron specific enolase (NSE) in AD and ND brains are
shown in (A). (B) Data represent the mean (± SD) quantification analysis using
densitometry imaging (FluorChem 8900) showing that TNFRI immunoreactivity was
increased while TNFRII was decreased in AD brains compared to ND, whereas
synaptophysin was decreased about 24%. There is no significant change in NSE protein
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levels. β-actin was used as a loading control. (C) ELISA assay showed a 43% reduction in
TNFRII and a 28% increase in TNFRI in AD frontal tissue compared to that found in ND.
Data in bar graphs represent mean±SEM. All results were repeated at least three times from
independent experiments. *p < 0.05; **p < 0.01.
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Fig. 2.
Neuronal expression of TNFRI and TNFRII mRNA in human brains using in situ
hybridization. AD frontal cortex sections were hybridized to 35S-labeled sense and antisense
cRNA probes for TNFRI and TNFRII. Resultant autoradiographs were used directly as
negatives for photographic enlargement of frontal cortex. All of pictures in the left panel
(A,C,E,G) are hybridization by antisense cRNA probes whereas the pictures in the right
panel (B,D,F,H) are sense hybridization as controls. The frontal cortex sections from a 79-
year-old male with AD hybridized with antisense cRNA probes for TNFRI (A) and TNFRII
(C). Note the specific hybridization over the cortical strip of the frontal cortex. Furthermore,
(A) and (C) also demonstrate that specific hybridization was noted in pyramidal neurons and
interneurons in this area. Similarly, the frontal cortex sections from a non-demented aged
matched control brain (82-year-old male) hybridized with antisense RNA probes for TNFRI
(E) and TNFRII (G). We found similar neuronal distribution of both TNFRI and II
transcripts, hybridized specifically in pyramidal neurons and interneurons in this brain
region.
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Fig. 3.
TNFRI and TNFRII protein expressions in AD and ND brains using immunohistochemistry.
(A) TNFRI protein expression is increased in AD cortical tissues and much higher
expression of TNFRI was observed on the dendrites. Compared to ND brains, there is an
increased TNFR1 level in AD cortical tissues along with a decreased number of neurons
(NeuN staining). There is little TNFR1 expression in activated astrocytes in ND and AD
brains, even in the over-activated astrocytes in AD patients. Bar stands for 20 μm. (B) The
TNFRII protein expression is decreased in AD cortical tissues compared to ND controls. A
portion of neurons in the cortex are showed with strong TNFRII-positive immunostaining on
the cell membrane around neuronal nuclei (verified by NeuN staining). Astrocytes have little
TNFRII expression with immunostaining in both ND and AD brains. Bar stands for 20 μm.
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Fig. 4.
Scatchard analysis of 125I-TNF-α binding in human brain tissue from AD and ND patients
(A) and representative competition curve for TNF-α inhibition of 100 pM 125I-TNF-α
binding in human brain tissue from AD and ND patients (B). Incubation conditions were
described in Methods. Computer analysis of the binding data revealed that competition
curve is best described by two-components binding model, with different sets of IC50
values.
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