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Abstract
The inflammatory status of the brain in patients as well as animal models of Alzheimer's disease
(AD) has been extensively studied. Accumulation of activated microglia producing TNF-α and
MCP-1 contribute to the pathology of the disease. However, little is known about the changes in the
spleen and associated peripheral immunity that might contribute to AD pathology. The goal of this
study was to characterize phenotypic and functional changes in spleen, blood and brain cell
populations that contribute to development of an AD-like disease in a triple transgenic (3xTg-AD)
mouse model. The 3xTg-AD mice had increased percentages of brain Gr-1+ granulocytes, dendritic
cells and macrophages, spleen and blood derived CD8+Ly6C+ memory T cells and CCR6+ B cells,
as well as increased levels of secreted IL-6. Brain tissue from older 12 month old symptomatic 3xTg-
AD female mice exhibited highly elevated mRNA expression of CCR6 compared to WT mice.
Importantly, this pronounced increase in expression of CCR6 was also detected in brain and spleen
tissue from pre-symptomatic 5-6 month old 3xTg-AD females and males. Our data demonstrate
increased expression of CCR6 in the brain and peripheral immune organs of both pre-symptomatic
and symptomatic 3xTg-AD mice, strongly suggesting an ongoing inflammatory process that precedes
onset of clinical AD-like disease.
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Introduction
Alzheimer's disease (AD) is the leading cause of dementia in elderly populations throughout
the world with more than 35 million people worldwide having AD. AD is characterized by a
deterioration of memory and other cognitive domains. Epidemiological studies indicate
increased risk for AD in women [1], although the contributing factors remain unknown. AD
is associated with the deposition in brain tissue of misfolded β-amyloid (Aβ) originated from
proteolysis of the amyloid precursor protein (APP) by several enzymes, including presenilin-1.
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Pathologic forms of Aβ include soluble oligomers and insoluble Aβ plaques which are
surrounded by activated microglia, reactive astrocytes, and dystrophic neurites. In addition,
neurons located mainly in the cerebral cortex and subcortical nuclei accumulate neurofibrillary
tangles made of paired helical filaments derived from the cytoskeletal protein tau (for review
see [2]). Inflammation associated with glial activation and synaptic and neuronal loss is also
characteristic of AD. Chronically activated microglia release IL-1, IL-6, and TNF-α [3,4] and
express receptors for Aβ oligomers triggering the release of cytokines, glutamate, and nitric
oxide [5,6]. Also, chemokines promote the migration of monocytes from the peripheral blood
into plaque-bearing brain, compromising the blood–brain barrier in AD patients [7].

Epidemiologic studies showing a lower risk of developing AD in users of non-steroidal anti-
inflammatory drugs (NSAIDs) provide further evidence that inflammatory mechanisms may
play a role in AD pathogenesis. However, trials of NSAIDs in established and prodromal AD
have failed to modify the clinical outcomes. If inflammation is a pathogenic factor in AD, the
critical inflammatory events (and the window for effective intervention) are likely to occur
very early in the disease process, long before clinical signs are evident. If interventions are to
be tested in asymptomatic human subjects, it will be necessary to identify accessible biomarkers
for identification of appropriate subjects. Some investigators have attempted to do this in
human subjects using proteomic approaches [8], but these studies are fraught with confounders
and do not permit comparison of brain versus peripheral markers. With an eye towards the
identification of AD-associated biomarkers, we examined brain and peripheral mediators of
inflammation in older (12-15 month old) transgenic mice which express AD-like pathology in
order to establish target “markers of interest” that could be evaluated more precisely in younger
(5-6 month old) pre-symptomatic mice.

The inflammatory response in the brains of older symptomatic mice with AD-like disease has
been investigated extensively [9,10]. Much less is known about the inflammatory response in
the periphery of pre-symptomatic younger mice versus the older AD-like mice. To investigate
this question, we evaluated the distribution of leukocyte subsets in spleen, blood and brain,
and cytokine and gene expression profiles in a triple transgenic model of AD (3xTg-AD) in
which the mice over-express three mutant genes - APP, presenilin-1, and tau - that phenocopy
the critical aspects of AD neuropathology [11]. Our current study demonstrates the presence
of inflammatory factors in the brain and periphery of both younger and older 3xTg-AD mice.
Moreover, brain tissue from older symptomatic 3xTg-AD female mice exhibited highly
elevated mRNA expression of CCR6 compared to age-matched wild type (WT) control mice
without AD-like disease. Importantly, this pronounced increase in expression of CCR6 was
also detected in brain and spleen tissue from pre-symptomatic 3xTg-AD females and males
vs. WT controls, strongly suggesting an ongoing inflammatory process that precedes onset of
clinical AD-like disease.

Materials and Methods
Mice

WT and 3xTg-AD (12-15 and 5-6 month old) mice were generated from breeding pairs
generously provided by Dr. Frank LaFerla (UC Irvine). Mice were maintained in a climate-
controlled environment with a 12-hr light/12-hr dark cycle, and fed AIN-93M Purified Rodent
Diet (Dyets Inc, Bethlehem, PA). Diet and water were supplied ad libitum. All procedures were
conducted in accordance with the NIH Guidelines for the Care and Use of Laboratory Animals
and were approved by the institutional Animal Care and Use Committee of the Portland VA
Medical Center. We used 3 each of the 12 month old female WT and 3xTg-AD mice and 9
each of the 5-6 month old WT and 3xTg-AD male and female mice for all analyses. Twelve
month old male 3xTg-AD mice were not available for this study.
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Isolation of mononuclear cells from spleen, blood and brain
Spleen and brain were isolated from WT and 3xTg-AD mice. Single cell suspensions were
prepared by passing the tissue through a 100μm nylon mesh screen. Spleen cells were washed
using RPMI medium and red cells were lysed using 1X red cell lysis buffer (eBiosciences, San
Diego, CA). The cells were washed twice, counted and resuspended in stimulation medium
containing 10% fetal bovine serum (FBS). Central nervous system (CNS) mononuclear cells
were isolated by Percoll gradient centrifugation as described [12]. Cardiac blood was collected
in EDTA, and the cells were pelleted after lysis of red cells, washed, counted and resuspended
in stimulation medium containing 10% FBS.

Analysis of cell populations by FACS
All antibodies were purchased from BD Biosciences, San Jose, CA or eBiosciences, Inc., San
Diego, CA. Four-color (FITC, PE, PI, allophycocyanin) fluorescence flow cytometric analyses
were performed to determine the phenotypes of spleen, brain and blood mononuclear cells.
Cells were washed with staining medium and stained with a combination of the following
mAbs: CD3e (145-2C11), CD4 (L3T4), CD8 (Ly-2), CD11b (M1/70), CD11c (HL-3), CD19
(1D3), DX5, Ly6C, Gr-1(IA8) and CD45 for 10min at 4°C. After incubation with mAb, cells
were acquired with a FACSCalibur (BD Biosciences). Forward and side scatter parameters
were chosen to identify lymphocytes. Dead cells were gated out using propidium iodide
discrimination. Data were analyzed using FCS express software (De Novo).

Cytokine detection by Luminex bead array
Single-cell suspensions of spleens and blood mononuclear cells from WT and 3xTg-AD mice
were cultured in the presence of plate bound anti-CD3 (5μg) and anti-CD28 (1μg) mAb for
24h. Culture supernatants were assessed for cytokine levels using a Luminex Bio-Plex cytokine
assay kit (Bio-Rad, Richmond, CA) following the manufacturer's instructions. The following
cytokines were determined in a single assay in three separate experiments: IL-2, IL-6, IL-10,
IL-13, IL-17, IFN-γ, MCP-1 and TNF-α.

RNA Isolation and Reverse transcription-Polymerase Chain Reaction
Total RNA was isolated from spleen and brain using the RNeasy mini kit protocol (Qiagen,
Valencia, CA, USA) and converted into cDNA using oligo-dT, random hexamers, and
Superscript RT II (Invitrogen, Grand Island, NY, USA). Reverse transcription-PCR was
performed using TaqMan PCR master mix (Applied Biosystems, Foster City, CA, USA) and
primers. Reactions were conducted on the ABI Prism 7000 Sequence Detection System
(Applied Biosystems) to detect mRNA quantified as relative units compared with the β-Actin
reference gene. Pre-designed Taqman primers for ICAM-1, VCAM-1, IL-1β, IL-2, IL-6, IL-10,
IL-17α, TNF-α, dysferlin, Foxp3, CCL20, CCR2, CCR3, CCR4, CCR5, CCR6, CCR7, and
CCR8 were obtained from Applied Biosystems (Foster City, CA).

Statistical analyses
Statistical differences between groups were determined by Student's t test. A p value ≤ 0.05
was considered significant.

Results
Distribution of cell subsets in spleen, blood and brain of Tg mice

Although brain pathology and associated changes have been extensively studied in the 3xTg-
AD mouse model, the impact of these changes on inflammatory processes in the periphery,
including the spleen and blood, have been overlooked. The goal of the present study is to
address this aspect of the disease. In order to determine if 3xTg-AD mice show an altered
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cellular profile compared to their WT counterparts, splenocytes from 12-15 month-old female
mice were evaluated by FACS staining to identify T and B cells (CD4+, CD8+ and CD19+),
macrophages (CD11b+), dendritic cells (DC, CD11c+) and granulocytes (Gr-1+). The 3xTg-
AD mice showed a marked increase in CD8+ T cells (Fig. 1) and a small but significant decrease
in macrophages and DCs in spleen (Fig. 1). The 3xTg-AD splenocytes were also increased in
Ly6C+ CD11b- cells (Fig. 1) that were likely CD8+ T cells expressing this memory marker
[13,14].

The distribution of cellular subtypes was also evaluated in spleen, blood and brain of younger
(5-6 month old) male and female mice. In spleens of the 3xTg-AD mice, there was a significant
decrease in CD4+ T cells in both males and females and a decrease in macrophages in female
mice similar to that observed in 12 month female 3xTg-AD mice (Fig. 2). Moreover, there was
a significant increase in the expression of Ly6C on CD8+ T cells in female and male mice,
although total CD8+ cells remained unchanged. Two additional significant changes observed
in splenocytes from younger female 3xTg-AD mice were an increase in the chemokine
receptor, CCR6, on CD19+ B cells and a decrease in Foxp3+ Treg cells (Fig. 2)

Blood cells from younger 3xTg-AD mice only partially reflected the cellular distribution
pattern observed in spleen. As seen in spleen, there was a significant reduction in blood CD4
+ T cells and a significant increase in the expression of Ly6C on CD8+ cells in both females
(p<0.001) and males (p<0.01)(Supplemental Fig. 1). However, CCR6 expression on blood B
cells was up-regulated only in male mice (along with an overall increase in the percentage of
B cells), with only a trend towards increased CCR6 on B cells in females.

In the brains of 5-6 month old 3xTg-AD mice, the most striking change was an increase in the
Gr1+ granulocyte population, paralleled by a smaller change in CD11c+ DC observed in
females (Fig. 3) but not males (not shown). There was also an increase in the CD45hi CD11b
+ cells (non-microglial fraction, not shown) in females which could possibly be accounted for
by the change in the granulocytes. No changes were found in T cells or B cells (data not shown).

Cytokine production in peripheral tissues of 3xTg-AD mice
It is of interest to determine if changes in the cellular distribution resulted in an altered cytokine
secretion pattern induced in supernatants after stimulation of T cells with plate bound anti-CD3
and CD28 mAbs. In splenocytes from the older 12-15 month-old 3xTg-AD mice, secretion of
IL-2 and IL-6 was significantly enhanced (p<0.01) whereas secretion of IL-10 was reduced 3-
fold compared to WT mice (p<0.01, Fig. 4A). TNF-α levels were also increased although not
significantly (p=0.051) in the older 3xTg-AD mice. Other cytokines tested did not show notable
differences between the 2 groups. In younger 3xTg-AD mice, there was a significant increase
in secreted IL-6 in anti-CD3/CD28 stimulated splenocytes from both females (Fig. 4B) and
males (Fig. 4C) that was also observed in stimulated PBMC (females only)(Supplemental Figs.
2A and 2B). Of note, there was a significant reduction in IL-10 in the younger 3xTg-AD females
not seen in males, and a significant increase in IL-13 levels in younger 3xTg-AD males not
seen in females.

Gene expression in 3xTg-AD brain and spleen tissue
To establish an inflammatory AD profile, mRNA levels were assessed in brain and spleen
tissue for expression of adhesion molecules (ICAM-1, VCAM-1, dysferlin), cytokines
(IL-1β, IL-2, IL-6, IL-10, IL-17α, TNF-α), chemokines and receptors (CCL20, CCR2, CCR3,
CCR4, CCR5, CCR6, CCR7, CCR8), and the Treg marker, Foxp3. As shown in Fig. 5A, brain
tissue from older symptomatic 3xTg-AD female mice exhibited highly elevated expression of
CCR6 (p<0.001) and VCAM (p<0.01) compared to brain tissue from age-matched WT mice.
This pronounced increase in expression of CCR6 (but not VCAM) was also detected in brain
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tissue from pre-symptomatic 3xTg-AD females (p<0.001, Fig. 5B) and males (p<0.001, Fig.
5C), indicating an ongoing inflammatory process in the CNS that preceded onset of AD-like
signs.

To determine if changes in CCR6 gene expression in the brains of old and young 3xTg-AD
mice might also be detected systemically, mRNA levels were assessed in spleens from the
same mice. As shown in Figure 6, highly significant increases in splenic CCR6 expression
were observed from the 12-15 month old symptomatic females (p<0.001, Fig. 6A) as well as
the 5-6 month old pre-symptomatic females (p<0.001, Fig. 6B) and males (p<0.001, Fig. 6C)
compared to WT controls. These data indicate that increases in CCR6 occur systemically prior
to onset of AD-like symptoms, implicating CCR6 as a possible biomarker for development of
AD-like disease. Other changes in gene expression were also detected in spleen but not brain
of both older and younger 3xTg-AD mice, including reduced levels of mRNA for CCR5 and
Foxp3, and significant or directionally reduced levels of VCAM and ICAM (Fig. 6). Changes
in mRNA expression for IL-1β, IL-2, IL-6, IL-10, IL-17α, TNF-α, CCR2, CCR3, CCR4,
CCR7, CCR8, CCL20 and dysferlin were not detected (data not shown).

Discussion
The results presented above clearly demonstrate: 1) a decline in peripheral macrophages and
an increase in brain granulocytes and macrophages/microglia in 3xTg-AD mice that precedes
significant brain pathology; 2) an increase in peripheral (but not CNS) CD8+Ly6C memory T
cells and IL-6 production which also precedes significant brain pathology; and 3) up-regulation
of CCR6 in the brain and spleen of older symptomatic 3xTg-AD mice that was also present in
both the brain and spleen of younger pre-symptomatic 3xTg-AD mice. Brain-induced
inflammation has been described previously by us and others in CNS injuries such as stroke,
and is consistent with a growing body of evidence indicating that the immune system plays an
active role in controlling pathologic brain Aβ in AD. The observation that the immune system
is mobilized at such an early age in pre-symptomatic mice suggests that immune surveillance
for pathologic Aβ may begin well before the appearance of brain pathology. The early immune
system changes may serve as a marker of subjects at high risk for AD, perhaps even before
cerebral Aβ deposition is evident. The identification of pre-symptomatic markers of AD risk
is critical for the development of AD prevention strategies.

CNS injury models such as stroke have been found to have a profound impact on the peripheral
immune system [15,16]. In animal models as well as in patients with AD there is strong
evidence suggesting the presence of inflammatory mediators in the brain [17,18]. Our study
demonstrates for the first time that peripheral immunological pathways in the spleen could
synergize with neural networks that might determine the outcome in neurodegenerative
diseases like AD. Triple transgenic mice develop plaques and tangles with increased
accumulation of Aβ [11,19], with females developing more aggressive Aβ pathology [20].
Younger triple transgenic mice (6 months old) exhibit impaired synaptic transmission and
intracellular β-amyloid deposits but not plaques or tau reactivity. In contrast, older mice (12+
months) have progressive β-amyloid deposition in the hippocampus along with extensive tau
pathology. Our studies demonstrate that immunological changes in the periphery start early in
the triple transgenic mice and persist as the mice age. Our major new finding is the systemic
increase in expression of CCR6 (in brain and spleen) found in both 5-6 month old females and
males and 12 month old female 3xTg-AD mice. This finding was supported in some instances
by increased levels of CD19+CCR6+ B cells in spleen and blood in younger 3xTg-AD mice
compared to age-matched WT congenic controls. Other potential disease-associated
immunological changes observed consistently in the spleen but not the brain of both younger
and older 3xTg-AD female and male mice included reduced expression of CCR5 and Foxp3.
Additionally, there were readily apparent gender-specific immunological changes, specifically
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reduced levels of IL-10 in spleens from younger and older females and an increased level of
IL-13 in spleens from younger males. These differences in anti-inflammatory cytokines
conceivably could contribute to more severe AD-like disease in female 3xTg-AD mice, and
will be further studied.

At present, however, the role of CCR6 in the pathogenesis of AD has not been clearly defined.
CCR6 is normally found on immature dendritic cells, B cells, effector/memory T cells and T
regulatory cells [21]. Studies have identified CCR6 as contributing to the pathology of
inflammatory conditions such as asthma [22] and autoimmune disorders such as rheumatoid
arthritis [23,24]. In brain, CCR6 is up-regulated in hippocampal neurons in 12 month old
amyloid precursor protein (APP) transgenic mice [25]. Although CCL20 is the natural ligand
for CCR6 [26], we did not detect CCL20 in brains or spleens of older or younger 3xTg-AD
mice, even though mRNA for CCR6 was detectable in all mice tested. Although the increased
presence of CCR6 in the periphery may serve as an early biomarker for detecting risk of AD,
additional studies are needed to implicate this chemokine receptor in an AD or an AD-like
pathogenic mechanism.

We also found a reduction in cells of the myeloid lineage in spleens of both older and younger
transgenic mice. In further analyzing this lineage, we found that CD11c+ DC were markedly
less abundant in 3xTg-AD mice, with no changes in the granulocyte population compared to
their WT counterparts. It is likely that this decrease in spleen indicates re-direction of these
cells to the site of inflammation i.e. CNS, where we observed elevated levels of activated
macrophages, DC and granulocytes. Data from AD patients as well as transgenic models show
evidence of accumulation of activated microglia at sites of β-amyloid deposition [27-29],
leading to the production of pro-inflammatory cytokines like IL-6, TNF-α and IL-1β [3,4] that
likely contribute to AD–associated pathology. In addition, improvement in cognitive function
has been associated with a reduction in the number of microglia [30,31]. Further examination
of this cell population revealed that granulocytes comprised a majority of the CD45hi CD11b
+ cell fraction. These cells are among the first to arrive at the site of injury following ischemic
insult [32] and lack of CD11b reduces neutrophil infiltration and decreases infarction volume
[33].

Several reports have documented the presence of T cells in Alzheimer's lesions [34,35] with
elevated levels of memory CD8+ T cells being detected in blood of AD patients as well as
mouse models of AD [36]. There is a strong correlation between age and levels of memory T
cells. Older mice demonstrate higher levels of memory CD8+ T cell that produce soluble
mediators independent of antigen and can have characteristics that are different from their
younger counterparts [37,38]. These cells can also impede immune responses in the aged host
upon antigenic challenge [39]. In this study, we report an appreciable increase in the memory
CD8+ T cell pool in both younger and older triple transgenic mice. Our findings in spleen
corroborate the changes identified in blood by others [36]. Memory T cells exhibit stronger
survival and respond robustly to recall responses without the need for strong co-stimulation
[40]. Up-regulation of Ly6C on CD8 cells in the lymphoid organs is also suggestive of its
homing status and adherence to endothelial cells [41,42]. A surprising finding was the
consistently reduced expression of Foxp3 in spleens from both young and old 3xTg-AD mice
in concert with a reduced percentage of splenic CD4+FoxP3+ Treg cells in younger female
triple transgenic mice. Regulatory T cells mediate immune tolerance and suppress clinical signs
of autoimmune disease [43,44], and it is conceivable that the observed reduction in Foxp3
expression might indicate reduced regulatory activity that could contribute to enhanced
systemic inflammation. Further investigation of the possible role of Foxp3+Treg cells in
controlling inflammatory responses in 3xTg-AD mice is currently in progress.
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IL-6 and TNF-α have been well documented as driving a pro-inflammatory response in several
disease conditions including Alzheimer's [17,45,46]. Elevated levels of IL-6 across the tested
age groups in both blood and spleen suggest a strong mechanistic role for this cytokine in the
disease pathology. Rosenberg et al suggest that IL-6 levels in plasma can be used as a predictor
of AD severity and neuropsychiatric outcomes [47]. Furthermore, release of IL-6 by activated
microglia [48] up-regulates adhesion molecule expression in an inflammatory milieu [49],
perhaps accounting for the observed increased expression of VCAM and ICAM in older and
younger 3xTg-AD females, respectively. Our consistent detection of increased IL-6 levels in
younger and older 3xTg-AD mice without concomitant changes in TNF-α levels provides
direction for future studies. Vaccination therapy using Aβ-specific T cells improves cognitive
performance together with decreases in peripheral levels of inflammatory cytokines [30]
implicating these soluble factors in the AD pathology. It was further identified that Th2 but
not Th1 β-amyloid specific cells were capable of reversing cognitive decline [31], and our
observation that both younger and older 3xTg-AD female mice have reduced splenic IL-10
levels may be a reflection of a Th1 dominated inflammatory response.

In conclusion, our studies demonstrate significant changes in cellular distribution and
expression of inflammatory factors, notably CCR6, in the peripheral immune system and brain
of pre-symptomatic AD-prone mice that precede similar changes in symptomatic AD-like
mice. The cellularity and cytokine milieu of the spleen has a profound impact on outcomes of
neurological disorders and understanding these mechanisms might carve the path to more
effective and targeted therapies. Moreover, identifying markers such as CCR6 for early
detection in asymptomatic individuals might allow for early intervention strategies and more
favorable outcomes for subjects developing AD.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Distribution of cell subtypes in spleens from 12-15 month old WT and 3xTg-AD female
mice
Changes in lymphoid and myeloid markers in spleens of 12-15 month old female 3xTg-AD
vs. WT mice. Splenic leukocytes isolated from WT and 3xTg-AD female mice were stained
for expression of indicated cell specific markers. Data are presented as mean ± SD of 3 mice
in each group.
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Figure 2. Distribution of cell subsets in spleens of 5-6 month old WT and 3xTg-AD mice
Changes in lymphoid and myeloid markers in spleens of 5-6 month old male and female 3xTg-
AD vs. WT mice. Splenic leukocytes isolated from WT and 3xTg-AD mice were stained for
expression of indicated cell specific markers. Data are presented as mean ± SD of one of three
replicated experiments involving a total of 7-9 mice.
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Figure 3. Distribution of cell subsets in brains of 5-6 month old WT and 3xTg-AD mice
Brains of 5-6 month old 3xTg-AD mice have higher percentages of Gr-1+ granuloctyes (upper
right quadrant) and CD11c dendritic cells (lower panel) than age-matched WT mice. Brains
were pooled and mononuclear cells were isolated on a Percoll gradient from WT and 3xTg-
AD female and male mice and stained for T cells, B cells, macrophages, microglia, dendritic
cells and granulocytes. Data are presented as mean ± SD of 2 experiments, each with pooled
brains from 3 WT and 4 3xTg-AD mice.
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Figure 4. Cytokine production in spleens of old and young WT and 3xTg-AD mice after 24h
stimulation with anti-CD3/CD28 mAb
Changes in cytokine levels in activated splenocytes from 12-15 month old and 5-6 month old
WT and 3xTg-AD mice. Splenocytes from WT and 3xTg-AD mice were cultured in the
presence of plate-bound anti-CD3 (5μg) and anti-CD28 (1μg) mAb for 24h and supernatants
were assayed for cytokine levels by Luminex assay as described in Materials and Methods.
Note a significant increase in IL-6 levels in old and young 3xTg-AD females and in young
3xTg-AD males, decreased IL-10 levels in both old and young 3xTg-AD females, and
increased IL-13 levels in young 3xTg-AD males compared to WT controls. Data are presented
as mean ± SD of 7-9 mice in each group. ND = not detectable.
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Figure 5. Gene expression in brains of old and young WT and 3xTg-AD female and male mice
Gene expression in brain tissue from old and young WT and 3xTg-AD mice. Brains were
collected from 12-15 month old (Old) WT and 3xTg-AD females (A), 5-6 month old (Young)
WT and 3xTg-AD females (B) and 5-6 month old (Young) WT and 3xTg-AD males. mRNA
was prepared and analyzed by reverse transcription–PCR in triplicate for relative expression
(R.E.) of various factors compared with the housekeeping gene, β-actin. Data are presented as
mean ±SD of N=3/group for 12-15 month old mice and 3-4/group for younger female and male
WT and 3xTg-AD mice
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Figure 6. Gene expression in spleens of old and young WT and 3xTg-AD female and male mice
Gene expression in spleen tissue from old and young WT and 3xTg mice. Spleens were
collected from 12-15 month old (Old) WT and 3xTg-AD females (A), 5-6 month old (Young)
WT and 3xTg-AD females (B) and 5-6 month old (Young) WT and 3xTg-AD males. mRNA
was prepared and analyzed by reverse transcription–PCR in triplicate for relative expression
(R.E.) of various factors compared with the housekeeping gene, β-actin. Data are presented as
mean ± SD of N=3/group for 12-15 month old mice and 7-9/group for younger female and
male WT and 3xTg-AD mice.
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