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Abstract The key objective of the present study was to evaluate developmental alterations of leukocyte gene expression
in the blood of diabetic ZDF rats in comparison to healthy ZL controls as a working index of potential comorbid mechanisms
between Type II diabetes, rheumatoid arthritis (RA), and associated autoimmune disorders. Paired gene expression analyses
were performed on whole blood samples from twelve-week old male homozygous (Fa/Fa) leptin receptor-deficient ZDF rats
exhibiting clinically relevant Type II symptomatology in comparison to heterozygous (Fa/fa) ZL healthy lean controls. Gene
expression values were derived from DNA microarray analyses and quantified as normalized fold changes utilizing a
stable reference gene and confirmed by RT-PCR analyses of selected genes. At 12 weeks of age, ZDF rats presented a
full-fledged Type II diabetic phenotype highlighted by hyperglycemia, hyperlipidemia, liver hypertrophy, increased water
consumption and urine output. These translational/clinical data were complemented and mechanistically supported by the
observed state-dependent differential changes in the expression of functionally clustered genes within 5 major classes of pro-
and anti-inflammatory, pro- and anti-apoptotic, and glucocorticoid-responsive leukocyte genes. The overall pattern of change
of leukocyte gene expression in the blood of diabetic ZDF rats is consistent with and reflects profound dysregulation of
metabolic homestasis and immune competence leading to comorbid RA/autoimmune disease progression in human
populations afflicted with Type II diabetes.
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cycle of pro-inflammatory chemical mediators and
1. Introduction region-specific immunoglobulins targeting synovial joint
epitopes engender chronic autoimmune processes linked to

In metabolically compromised adult populations, the destruction of articular cartilage and fusion of joints

pathogenesis of rheumatoid arthritis (RA) is driven by (ankylosis).

markedly er'1hanced inflammatory processes converging on Detailed epidemiological studies have demonstrated that
dysregul'atlon of T cell aut.oantlgen presentation and i RA and osteoarthritis (OA) are strongly associated with
processing fgnct1ona11'y linked to aberrant B cell cardiovascular diseases in the general population [5, 6],
immunoglobulin production [1]. For example, activated o 0hy establishing a clear functional connection between
pro-m'ﬂamma"[ory Th17 lymphocytes, beyond their o p0lic rundown encountered in Type II diabetics and the
protective role in the clegrance of extracellular pgthogens, etiology of rheumatoid autoimmune diseases [7-9]. In the
have been functionally llpked to.the pathogenesis O,f RA present study, dependent measure data sets were derived
[2, 3]. Furthermore, selective deletion of a RA susceptibility from paired DNA microarray gene expression analyses
gene within highly polarized M1 murine macrophages has performed on whole blood samples from eleven-week old
been observed to trigger a spontancous erosive polyarthritis .16 homozygous (Fa/Fa) leptin receptor-deficient diabetic
that simulates RA in humans [4]. Operationally, a pernicious  ypp rats in comparison to heterozygous (Fa/fa) healthy lean
control ZL rats. The diabetic ZDF rat has been well
established in the biomedical literature as a high resolution
Published online at http://journal.sapub.org/ijpt translationalmodel ~ for  elucidation of underlying
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therapeutic development for major human disorders
including Type II diabetes [10, 11], cardiovascular disease
[7], renal disease [12], and atherosclerosis [13, 14].

To underscore the translational validity of the ZDF
diabetic rat model to present a cogent translational model of
comorbid RA/rheumatoid autoimmune disease progression,
the present study monitored state-dependent differential
changes in the expression of functionally clustered genes
within 5 major classes of pro- and ant-inflammatory, pro-
and anti-apoptotic, and glucocorticoid-responsive leukocyte
genes. Accordingly, we hypothesized that the overall pattern
of change of leukocyte gene expression in the blood of
diabetic ZDF rats would be reflective of profound
dysregulation of metabolic homestasis and immune
competence and provide a working translational profile of
comorbid RA/autoimmune disease progression in human
populations afflicted with Type II diabetes.

2. Material and Methods

2.1. Experimental Animals

Seven to eight-week old, male homozygous (Fa/Fa) leptin
receptor-deficient ZDF rats and their heterozygous (Fa/fa)
healthy lean control ZL rats were purchased from Charles
Rivers Laboratories (Wilmington, MA) and maintained by
PhysioGenix, Inc. (Waukesha, WI). Animal care and all
technical procedures were performed PhysioGenix, Inc. staff
in accordance with IUCAC approval and established
protocols described in Guide for Care and Use of Laboratory
Animals (Eighth Edition). Animals were housed at 2 per
cage and maintained in the Innovive caging system
(San Diego, CA) upon arrival at PhysioGenix, Inc and
were allowed an acclimation period of 4 days prior to
baseline blood collections. Cages were monitored daily to
ensure the Innovive system maintained 80 air changes per
hour and positive pressure. rat rooms were maintained at
temperatures of 66-75 degrees Fahrenheit and relative
humidity between 30% and 70%. The rooms were lit by
artificial light for 12 hr per day (7:00 AM - 7:00 PM).
Animals had free access to water and Purina 5008 rodent
food (Waldschimdt’s, Madison, WI) for the duration of the
study. At 8, 10, and 12 week time points, blood aliquots
were collected for analyses of true (non-fasting) glucose
and serum lipids (total cholesterol, triglycerides, fractionated
HDL and LDL cholesterol).

The study lasted for 28 days and ZDF diabetic and ZL lean
healthy control animals were euthanized by isoflurane
overdose and thoracotomy at 11 weeks of age. For molecular
biological analyses, blood was collected via descending vena
cava into tubes containing RNAase inhibitor lysis buffer,
immediately frozen at -20°C, and shipped on ice packs to
the SUNY Neuroscience Research Institute. For analyses
of serum lipids (total cholesterol, triglycerides, fractionated
HDL and LDL cholesterol), blood was collected via
descending vena cava and processedserum was frozen at

-20°C and shipped to Comparative Clinical Pathology
Services, LLC. For each study animal, at day 28 fasted blood
glucose was quantified using a Bayer Contour glucometer and
after sacrifice liver and abdominal fat were collected and
weighed.

2.2. DNA Microarray Analyses

Total RNA extracted from rat blood samples was isolated
using the PAX RNA kit (Qiagen, Valencia, CA). DNA
microarray analyses were performed using a system
provided by Agilent. Arrays included four arrays per chip
(Agilent 4X44K chip). Total RNA was reverse transcribed
(1000 ng) using T7 primers and labeled and transcribed
using Cyanine-3 dye. Each array was hybridized with at least
1.65 pg of labeled cRNA at 65°C for 18 hours. Arrays were
scanned using an Agilent array scanner. The microarray
platform has been previously determined to reliably quantify
a minimum 1.5 fold change in gene expression.

For all ZDF and ZL data sets, raw fluorescent signals were
normalized to those of an empirically validated and stably
expressed reference gene [15], i.e., Ppia (rat leukocyte
eptidylprolyl isomerase A, also termed cyclophilin A), and
paired gene expression fold changes were quantified using
GeneSpring version 12.6.1 (Agilent, Santa Clara, CA).
Statistical significance of paired ZDF/ZL group data was
determined by calculating corrected (Benjamini-Hochberg)
p-values of 2-way ANOVA.

2.3. Real-Time PCR Analyses

Representative Real-time PCR analyses of forkhead box
03 (Foxo3) and mitochondrial superoxide dismutase 2
(Sod2) gene expression and nitric oxide synthase, inducible
(Nos2) in the blood of ZDF and ZL control rats were
performed to validate the DNA microarray data sets. Ppia
was used as a reference gene. The real-time PCR master mix
included 25 pL 2x universal master mix, 2.5 uL 20x detector
set (with the primer and probe), and 21.5 pL of water. PCR
was performed in an Applied Biosystems 7500 sequence
detection system. The thermocycler conditions included
denaturation at 95°C for 15 seconds and annealing/extension
at 60°C for 60 seconds. Forty cycles of PCR were preceded
by 95°C for 10 minutes. Reactions were performed in
triplicate. The relative quantities of genes were determined
using the formula 24 using the Applied Biosystems 7500
software.

3. Results and Discussion

3.1. Presentation of a Clinically Cogent Translational
Model of Type II Diabetes in 12-week ZDF Rats

At 12 weeks, fasted blood glucose concentrations of ZDF
rats were calculated to be 175+3 mg/dL, an approximate
50% increase in comparison to values calculated for
non-diabetic ZL control rats (Table 1). The developmental
expression of a clinically relevant diabetic phenotype was
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supported by comparative true (non-fasting) serum glucose
concentrations monitored at 8, 10, and 12 weeks.
Interestingly, the approximate 75% increase in true serum
glucose concentration of ZDF vs ZL control rats at 12 weeks
was complemented by approximate 200 and 700% increases
in daily water consumption and urine output, respectively.
The presentation of a full-fledged Type 11 diabetic phenotype
was also supported by the statistically significant
approximate doubling of serum triglyceride concentrations
between 8 and 12 weeks in ZDF vs ZL control rats and is
consistent with a development profile of insulin resistance
[10]. Additionally, the ostensible doubling of liver mass in
ZDF vs ZL control rats indicates diabetes-related abnormal
intrahepatic lipid storage functionally linked to incipient
steatotic liver disease [16, 17]. In sum, basic physiological
and clinical chemical parameters presented here support the
validity of the ZDF rat as a high resolution, clinically cogent,
translational model of Type II diabetes in humans [7, 18].

Table 1. Presentation of a Cogent Translational Model of Type II Diabetes
in ZDF Rats

Parameter (age) ZDF ZL
Body mass (12
+ +
wks) 36447 g 29845 g
Liver mass (12 16.51540.670 g 7.947+0.131 g

wks)

Fasting glucose (12

+
wks) 175+32

7143

True glucose
(8,10,12 wks)

115£7, 1005,

+ + +
19730 98+3, 9743, 11243

Total cholesterol

+ + +
(8.10,12 wks) 1394, 128+4, 13146

91+1, 9142, 85+2

Triglycerides

365+25, 630+74,

3442, 7043, 5042

(8,10,12 wks) 555459
Water consumption
+ +
(12 weeks) 67+5 mL 24x1 mL
Urine output (12 63.2£7.2 mL 7.840.4 mL

weeks)

Paired comparisons of body and liver mass and clinical chemical parameters for
diabetic ZDF vs healthy ZL lean rats. Fasting and true glucose, total cholesterol,
and serum triglyceride concentrations are expressed as mg/dL. All
measurements are based on n=10 per group and ZDF to ZL comparisons are
statistically significantly at the p<0.005 level.

3.2. Differential and Functionally Concerted Changes in
the Gene Expression of Major Anti-Inflammatory
and Pro-Inflammatory Signaling Complexes and
Enzyme Activities in ZDF Rat Blood

As depicted in Table 2, DNA microarray analyses yielded
a statistically significant differential expression of 7 major
leukocytegenes  previously associated with  major
anti-inflammatory  and  pro-inflammatory  signaling
complexes and enzyme activities in ZDF, as compared to
non-diabetic ZL rat blood. The dramatic enhancements of
Prdx6, Nfkb2, Nos2, Hdac9, and Prkcapro-inflammatory
gene expression, were calculated at 2.7, 3.1, 4.0, 4.7 and 5.6

fold, respectively, and contrasted with the observed
reductions of Nfkbib and Prkabl anti-inflammatory gene
expression of -1.6 and -2.0 fold, respectively. The overall
pattern of gene expression changes clearly indicated a causal
association of the ZDF diabetic phenotype with an
accelerated pathophysiological pro-inflammatory state in
blood leukocyte populations leading to accelerated
RA/rheumatic autoimmune processes.

Table 2. Differential Expression of Leukocyte Genes Previously

Associated with Major Anti-inflammatory and Pro-inflammatory Signaling
Complexes and Enzyme Activities in ZDF Rat Blood

Gene Fold
Symbol Gene Name Change p value
Prdx6 Peroxiredoxin 6 2.8 0.001
Nuclear factor of kappa light
Nfkb2 polypeptide gene enhancer in 3.1 0.0002
B-cells 2, p49/p100
Nos2 Nitric oxide synthase 2, inducible 4.0 0.002
Hdac9 Histone deacetylase 9 4.7 0.001
Prkca Protein kinase C, alpha 5.6 0.0005
Nuclear factor of kappa light
Nfkbib polypeptide gene enhancer in -1.6 0.0004
B-cells inhibitor, beta
Prkab1 protein kinase, AM?—actlvatéd, 20 0.002
beta 1 non-catalytic subunit

Statistically significant, differential expression of 7 major leukocytegenes
previously associated with major anti-inflammatory and pro-inflammatory
signaling complexes and enzyme activities, as monitored in blood samples of
diabetic ZDF vs non-diabetic ZL lean rats (n=7). Data sets were derived by
DNA microarray analyses, as described above, and normalization of the raw
fluorescent signals was achieved utilizing Ppia as an empirically validated
stable reference gene. Comparative ZDF/ZL fold changes in gene expression
were calculated using the commercially available software algorithm described
above. Corrected (Benjamini-Hochberg) p-values were determined by 2-way
ANOVA.

The leukocyte NFKB complex functions as a key
regulator/activator of genes involved in inflammation and
immune function [19]. Accordingly, the observed
differential decrease of the NFKIB inhibitor protein [20] and
increase of the NFKB2 enhancer protein [21] promotes
pro-inflammatory-mediated RA progression. The PRDX6
gene encodes a bifunctional protein with both glutathione
peroxidase and calcium-independent phospholipase A2
activities. Aberrant PRDX6 phospholipase A2 activity
linked to cyclooxygenase-2 mediated proinflammatory
prostaglandin release has been functionally linked to the
destruction of both articular bone and cartilage in RA and
osteoarthritis [22-24]. Cardiovascular disease linked to
metabolic and rheumatoid autoimmune disorders is
characterized by characterized by uncoupling of
physiologically beneficial constitutive NO production
leading to marked enhancement of pro-inflammatory NOS2
gene expression and enhanced IL-1B  secretion.
Mechanistically, high glucose was observed to enhance
NOS2 expression and NO generation via PKCA activation
[25].
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The enzyme expressed from the HDAC9 gene is an
epigenetic regulator of multiple gene expression. HDAC
inhibitors have been demonstrated to enhance FOXO3 gene
expression, as well as the production of regulatory
anti-inflammatory T cells. Accordingly, enhanced HDAC9
expression limits the anti-inflammatory suppressive
functions of FOXO3-positive regulatory T cells in RA
patients [26, 27]. In a diabetic rodent model, high glucose
promotes iNOS expression linked to enhanced IL-1P
secretion. Mechanistically, high glucose was observed to
enhance iNOS expression and NO generation via PKCA
activation [28, 29], thereby indicating that inhibition of
PKCA gene expression will promote profound ameliorative
effects on the development and progression of RA and
associated rheumatoid autoimmune diseases.

Finally, AMP-activated protein kinase (AMPK) is a
preeminent serine/threonine kinase that regulates energy
homeostasis and metabolic stress in cellular and integrated
organ  systems.  Functional  down-regulation  of
AMPK-mediated cellular processes via decreased PRKABI1
gene expression will promote RA and associated rheumatoid
autoimmune disease progression.

3.3. Differential and Functionally Concerted Changes in
the Gene Expression of Major Anti-Inflammatory
and Pro-Inflammatory Cytokines and Growth
Factors in ZDF Rat Blood

As depicted in Table 3, DNA microarray analyses yielded
a statistically significant differential expression of 6 major
leukocyte genes previously associated with major
anti-inflammatory and pro-inflammatory cytokines and
growth factors in ZDF, as compared to non-diabetic ZL rat
blood. The dramatic enhancements of Tollip, 1123a, Ccl12,
Pdgfb, and Illrap pro-inflammatory gene expression, were
calculated at 2.9, 3.1, 3.8, 5.8 and 9.8 fold, respectively, and
contrasted with the observed reduction of Grn
anti-inflammatory gene expression of -1.7 fold. In support
of the data set presented in Table 2, the differential
enhancement of pro-inflammatory cytokines and growth
factors and reduction of granulin gene expression indicates
that at 12 weeks of age diabetic ZDF rats present a cogent
translational profile consistent with profound dysregulation
of metabolic homestasis leading to comorbid RA disease
progression.

Progranulin expressed from the GRN gene inhibits
LPS-mediated pro-inflammatory signaling in endothelial
cells through attenuation of the NF-xB signaling pathway
[30] and TNFa signalling [31, 32]. The TOLLIP gene
encodes a ubiquitin-binding protein that interacts with
several Toll-like receptor (TLR) signaling cascade
components and the expressed protein promotes
pro-inflammatory signaling and is involved in interleukin-1
receptor trafficking and in the turnover of IL1R-associated
kinase. In LPS-primed macrophages, Tollip-dependent
mechanisms promote profound pro-inflammatory effects

linked to initiation and progression of RA and associated
rheumatoid autoimmune diseases [33].

The 1123a gene encodes a subunit of the heterodimeric
cytokine interleukin 23 (IL23). Interleukin-23 serum levels
are markedly elevated in patients affected by severe
peripheral arterial disease and the cytokine is involved in
differentiation of pro-inflammatory Th17 cells in the
presence of TGF-B and IL-6. Inflammatory macrophages
express IL-23R and are activated by IL-23 to produce IL-1,
TNF-0, and IL-23 itself, thereby identifying 1L-23 as a
central cytokine involved in the etiology and progression of
RA and associated autoimmune diseases [34-36]. CCL12,
also known as MCP-5, belongs to the monocyte chemotactic
protein (MCP) subfamily of the CC chemokines.
Overexpression of monocyte chemotactic proteins have been
demonstrated to promote enhanced pro-inflammatory
activities in human disease states including RA [37], and
inhibition of CCLI12 gene expression will functionally
inhibit pro-inflammatory-mediated RA progression.

Several key studies have demonstrated that
PDGFRB-mediated signaling pathways are critically
involved in RA progression [38]. Accordingly, enhancement
of PDGFB gene expression will functionally mediate
cellular inflammatory insults in RA. The IL1RAP gene
encodes the interleukin 1 receptor accessory protein. The
protein is a necessary part of the interleukin 1 receptor
complex, which initiates signaling events that result in the
activation of interleukin-1 responsive pro-inflammatory
genes [39]. Accordingly, augmentation of ILRAP gene
expression will have profound effects on RA progression.

Table 3. Differential Expression of Leukocyte Genes Previously
Associated with Major Anti-inflammatory and Pro-inflammatory Cytokines
and Growth Factors in ZDF Rat Blood

Gene . . Fold
Symbol Gene Designation Change p value
Grn Granulin -1.7 0.0002
Tollip Toll interacting 2.9 0.0005
protein
Chemokine (C-C
Ccll2 motif) ligand 12 3.8 0.0005
123a Interleukm. 23, alpha 31 0.001
subunit p19
Platelet-derived
Pdgfb growth factor beta 5.8 0.001
polypeptide
llirap Interleukin 1 receptor 0.8 0.0002
accessory protein

Statistically significant, differential expression of 6 leukocytegenes previously
associated with major anti-inflammatory and pro-inflammatory cytokines and
growth factors, as monitored in blood samples of diabetic ZDF vs non-diabetic
ZL lean rats (n=7). Data sets were derived by DNA microarray analyses, as
described above, and normalization of the raw fluorescent signals was achieved
utilizing Ppia as an empirically validated stable reference gene. Comparative
ZDF/ZL fold changes in gene expression were calculated using the commercially
available software algorithm described above. Corrected (Benjamini-Hochberg)
p-values were determined by 2-way ANOVA.
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3.4. Differential and Functionally Concerted Changes in
Glucocorticoid-Responsive Gene Expression in ZDF
Rat Blood

DNA microarray analyses yielded a statistically
significant  differential  expression of 3  major
glucocorticoid-responsive  leukocytegenes  previously

associated with RA disease progression in ZDF, as compared
to non-diabetic ZL rat blood (Table 4). The dramatic
enhancement of H6pd gene expression calculated at 6.4 fold
contrasted with the observed reductions Foxo3 and Tsc22d3
gene expression of anti-inflammatory gene expression of
-1.5 and -1.8 fold, respectively.

Table 4. Differential Expression of Glucocorticoid-Responsive Genes in
ZDF Rat Blood

Gene . . Fold
Symbol Gene Designation Change p value
Foxo3 Forkhead box O3 -1.5 0.001
TSC22 domain family, member 3
Tsc22d3 (GILZ glucocorticoid-induced -1.8 0.04
leucine zipper)
Hexose-6-phosphate
Hé6pd dehydrogenase (glucose 6.4 0.0003
1-dehydrogenase)

Statistically significant, differential expression of 3 glucocorticoid-responsive
genes, as monitored in blood samples of diabetic ZDF vs non-diabetic ZL lean
rats (n=7). Data sets were derived by DNA microarray analyses, as described
above, and normalization of the raw fluorescent signals was achieved utilizing
Ppia as an empirically validated stable reference gene. Comparative ZDF/ZL fold
changes in gene expression were calculated using the commercially available
software algorithm described above. Corrected (Benjamini-Hochberg) p-values
were determined by 2-way ANOVA.

The FOXO3 gene encodes a key transcription factor
involved in the regulation of multiple cellular processes
including protection against oxidative stress and
conservation of energy metabolism. FOXO3 expression is
functionally linked to glucocorticoid action via
glucocorticoid receptor activation and dysregulation of
FOXO3 signaling is associated with RA processes mediated
by proinflammatory cytokines [40, 41]. The TSC22D3
encodes a leucine zipper transcriptional regulator, also
designated GILZ, which is stimulated by glucocorticoid
receptor activation and anti-inflammatory cytokines. Thus,
TSC22D3 activation regulates the anti-inflammatory and
immunosuppressive effects of glucocorticoids [42, 43]. In
murine lymphocytes, glucocorticoids induce expression of
glucocorticoid-induced leucine zipper (GILZ), which
prevents the nuclear factor kappaB-mediated activation of
pro-inflammatory gene transcription [44]. Accordingly,
diminished TSC22D3, as currently determined, gene
expression will exacerbate RA and its inflammatory
progression. Hexose-6-phosphate dehydrogenase expressed
from the H6PD gene supplies a crucial cofactor, reduced
nicotinamide adenine dinucleotide phosphate (NADPH),
which allows the hydroxysteroid reductase expressed by the
HSD11B1 gene to maintain cortisone reductase activity.
Mutations in the H6PD gene are functionally associated with

cortisone reductase deficiency [45, 46]. High H6PD gene
expression may function to support metabolic
disease-related dysregulation of normative glucocorticoid
signaling systems involved in the pathogenesis of RA.

3.5. Differential and Functionally Concerted Changes in
the Gene Expression of Major Anti-Apoptotic and
Pro-Apoptotic Regulatory Proteins and Enzymes in
ZDF Rat Blood

As depicted in Table 5, DNA microarray analyses yielded
statistically significant differential changes in the expression
of 4 major anti-apoptotic and pro-apoptotic regulatory
proteins and enzymes in ZDF, as compared to non-diabetic
ZL rat blood. The dramatic enhancements of Bel21 (Bel-xL),
Cdk9, and Parp2 anti-apoptotic gene expression, were
calculated at 3.6, 3.9, and 5.0 fold, respectively, and
contrasted with the observed reduction of Abca7
pro-apoptotic gene expression of -2.0 fold.

Table 5. Differential Expression of Genes Previously Associated with
Pro-apoptotic and Anti-apoptotic Regulatory Proteins and Enzymes in ZDF
Rat Blood

Gene . . Fold

Symbol Gene Designation Change p value

ATP-binding cassette,
Abca? subfamily A (ABCT), 2.0 0.0002
member 7
Abca7-macrophage

Bcel2ll Bcl2-like 1 (Bel-xL) 3.6 0.0005
Cdk9 Cyclin-dependent kinase 9 3.9 0.0005
Parp2 Poly (ADP-ribose) 5.0 0.0002

polymerase 2

Statistically significant, differential expression of 4 genes previously associated
with pro-apoptotic and anti-apoptotic regulatory protein and enzymes, as
monitored in blood samples of diabetic ZDF vs non-diabetic ZL lean rats (n=7).
Data sets were derived by DNA microarray analyses, as described above, and
normalization of the raw fluorescent signals was achieved utilizing Ppia as an
empirically validated stable reference gene. Comparative ZDF/ZL fold changes
in gene expression were calculated using the commercially available software
algorithm described above. Corrected (Benjamini-Hochberg) p-values were
determined by 2-way ANOVA.

Dysregulation of the critical cellular balance of
pro-apoptotic and anti-apoptotic regulatory  protein
expression is predictive of unchecked deleterious cellular
damage linked to aberrant antigen presentation and is
functionally linked to theonset RA processes. The
ATP-binding cassette protein encoded by the ABCA7 gene
when expressed by anti-inflammatory M2 macrophages has
been empirically demonstrated to facilitate the clearance of
pro-inflammatory apoptotic cells [47, 48]. In light of these
data, state-dependent reduction of ABCA7 gene expression
will promote significant pro-rheumatoid arthritis effects via
prolongation of the lifespan of polarized macrophages. The
BCL-2 family of proteins plays a critical role in controlling
immune responses by regulating the expansion and
contraction of activated lymphocyte clones by apoptosis. It
encodes two alternatively spliced transcript variants BCL-xs
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and BCL-x1, which express apoptotic activator and apoptotic
inhibitor proteins, respectively. BCL-xs promotes apoptosis
of pro-inflammatory myeloid cells involved in the etiology
and progression of RA [49]. Conversely, inhibition of
anti-apoptotic BCL-xI expression results in potent inhibition
of lymphocyte proliferation as measured by in vitro
mitogenic or ex vivo Ag-specific stimulation [50].

Accordingly, the observed increases in Bel-xl expression
will promote development and progression of RA via
markedly enhanced proliferation of activated T cells.

CDKO activity regulates neutrophil lifespan and inhibition
of its activity increased apoptosis and caused a rapid decline
in the level of the anti-apoptotic protein MCL-1, indicating
that pharmacological inhibition of CDK9 might be a
valuable anti-inflammatory strategy [51-53]. Because
inappropriate inhibition of neutrophil apoptosis contributes
to chronic inflammatory diseases such as RA, development
of CDK9 inhibitors represents a powerful therapeutic
approach for treatment of RA and associated rheumatoid
autoimmune diseases. The approximate 4-fold enhancement
of Cdk9 gene expression in ZDF vs ZL rats is indicative of a
marked prolongation of a deleterious pro-inflammatory
cellular environment. The protein expressed from the
PARP2 gene is involved in DNA repair and transcriptional
regulation and is now recognized as a key regulator of cell
survival and cell death as well as a master component of a
number of  transcription factors  involved in
pro-inflammatory processes [54]. The observed 5-fold
enhancement of Parp2 gene expression in ZDF vs ZL rats is
indicative of a marked synergy underlying the prolonged
lifespans of activated classes of leukocytes within a
pro-inflammatory cellular environment.

3.6. Differential and Functionally Concerted
Enhancement in the Gene Expression of 4 Major
Pro-Inflammatory Receptor Proteins in ZDF Rat
Blood

DNA microarray analyses yielded statistically significant
enhancement in the expression of 4 major pro-inflammatory
receptor proteins in ZDF, as compared to non-diabetic ZL rat
blood. The dramatic enhancements of Ager, Nod2, Erbb3,
and Casr, pro-inflammatory receptor gene expression were
calculated at 2.8, 2.9, 4.0 and 8.6 fold, respectively (Table 6).

The RAGE (receptor for advanced glycosylation
end-products) protein expressed by the AGER gene and is
found on multiple cell types implicated in the progression of
atherosclerosis and diabetes-associated atherosclerosis as
well as RA [55, 56]. Importantly, RAGE is activated by
released the soluble pro-inflammatory protein encoded by
the HMGBI1 gene, thereby amplifying proinflammatory
signaling in the development and progression of RA. The
receptor protein expressed from the NOD2 gene is a
prominent member of the NLR (NOD-LRR) family of
proteins that contain nucleotide-binding NACHT domains
and receptor-like LRR domains. The protein is primarily
expressed in the peripheral blood leukocytes and mediates

signal transduction mechanisms that include NF-KB and p38
MAPK14. Hereditary polymorphisms in the genes encoding
NODI1 and NOD2 have been associated with an increasing
number of chronic inflammatory diseases including RA and
inhibition of NOD2 gene expression represents a highly
promising treatment for amelioration of multiple symptoms
of rheumatoid autoimmune diseases [57-59].

The gene ERBB3 encodes a member of the epidermal
growth factor receptor (EGFR) family of receptor tyrosine
kinases that contains a neuregulin binding domain but not an
active kinase domain. EGFR activation plays a central role in
the pathogenesis of RA [60, 61]. The concentration of CASR
protein encoded by the CASR gene is markedly elevated on
the surface of monocytes of patients with Type II diabetes
mellitus co-afflicted with peripheral artery disease [62] and
CASR receptor protein expression in circulating monocytes
is markedly increased in RA patients with severe coronary
artery calcification [63]. Accordingly, the observed
enhancements of Egrf and Casr gene expression in ZDF vs
ZL is again indicative of a marked synergy underlying the
prolonged lifespans of activated classes of leukocytes within
a pro-inflammatory cellular environment functionally linked
to RA progression.

Table 6. Differential Enhancement in the Expression of Genes Previously
Associated with Pro-inflammatory Receptor Proteins in ZDF Rat Blood

Gene . . Fold
Symbol Gene Designation Change p value
Nucleotide-binding
Nod2 oligomerization domain 29 0.008
containing 2
Advanced glycosylation end
Ager product-specific receptor 2.8 0.001
(RAGE)
V-erb-b2 avian erythroblastic
Erbb3 leukemia viral oncogene 4.0 0.002
homolog 3
Casr Calcium-sensing receptor 8.6 0.001

Statistically significant, differential enhancement in the expression of 4 genes
previously associated with pro-inflammatory receptor proteins, as monitored in
blood samples of diabetic ZDF vs non-diabetic ZL lean rats (n=7). Data sets were
derived by DNA microarray analyses, as described above, and normalization of
the raw fluorescent signals was achieved utilizing Ppia as an empirically
validated stable reference gene. Comparative ZDF/ZL fold changes in gene
expression were calculated using the commercially available software algorithm
described above. Corrected (Benjamini-Hochberg) p-values were determined by
2-way ANOVA.

3.7. Representative Real-time PCR analyses of Forkhead
box O3 (Foxo3) and Inducible Nitric Oxide Synthase
(Nos2) Gene Expression in ZDF Rat Blood

As depicted in Fig.l, representative real-time PCR
analyses confirmed the validity of the fold changes in gene
expression derived from DNA microarray data sets.
Real-time PCR analyses yielded a differential reduction of
25.0£1.9% for Foxo3 and enhancement of 252+10.7% for
Nos2 gene expression in ZDF, as compared to non-diabetic
ZL controls. The comparative reductions in Foxo3 and Sod2
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gene expression were consistent with the respective fold
changes of -1.5 and +4.0 derived from DNA microarray data
sets (Tables 2 and 4).
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Real-time PCR analyses of forkhead box O3 (Foxo3) and inducible nitric
oxide synthase (Nos2) gene expression in ZDF rat blood were performed in
triplicate. Real-time PCR analyses (n=7) yielded reductions of 25.0£1.9%;
p<0.005 and 252+10.7%; p<0.0001 for Foxo3 and Nos2 gene expression,
respectively, in ZDF, as compared to non-diabetic ZL rat blood. The
comparative reductions in Foxo3 and Nos2 gene expression were consistent
with the respective fold changes of -1.5 and 4.0 derived from DNA
microarray data sets.

Figure 1. Representative Real-time PCR analyses of forkhead box O3
(Foxo03) and nitric oxide synthase, inducible (Nos2) gene expression in ZDF
rat blood

4. Conclusions

The present report has monitored profound
state-dependent differential changes in the expression of
functionally clustered genes within 5 major classes of pro-
and ant-inflammatory, pro- and anti-apoptotic, and
glucocorticoid-responsive leukocyte genes in the blood of
diabetic ZDF rats. The overall pattern of change of leukocyte
gene expression in the blood of diabetic ZDF rats is
consistent with and reflects profound dysregulation of
metabolic homestasis and immune competence leading to
comorbid RA/autoimmune disease progression in human
populations afflicted with Type II diabetes. Importantly, we
have provided an initial working translational profile of
functionally clustered genes by which to evaluate potentially
novel therapeutic interventions for treatment of comorbid
RA progression in human populations afflicted with Type II
diabetes.
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