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Abstract

ALMS1 is a protein initially associated with Alstrém syndrome. This is a rare human disorder
characterized by metabolic dysfunction, hypertension, obesity and hyperinsulinemia. In addition,
ALMS1 gene was linked to hypertension status in a multipoint linkage population analysis.
However, the mechanisms by which ALMS1 contributes to the development of obesity, insulin
resistance and other metabolic disturbances are unknown. To study the role of ALMS1 in blood
pressure regulation and renal function we previously generated an ALMS1 knockout rat model,
where we found these rats are hypertensive. In this study, we further characterized the ALMS1
knockout rat, and found that they exhibit most characteristics of metabolic syndrome including
hypertension and higher body weight by 10-12 weeks of age. In contrast, obesity,
hyperinsulinemia and vascular dysfunction manifested at around 14-16 weeks of age.
Interestingly, ALMS1 KO rats developed hyperleptinemia prior to the development of obesity
rapidly after weaning by 7 weeks of age, suggesting an early role for ALMS1 in the hormonal
control of leptin. We also found that female ALMS7 KO rats develop severe metabolic syndrome
with hypertension similar to their male counterparts, lacking any protection often associated with
better cardiovascular outcomes. Therefore, ALMS1 is an essential gene for sex- and age-
dependent metabolic function. The ALMS1 knockout rat provides an invaluable pre-clinical animal
model that recapitulates most symptoms present in patients and allows the study of new drugs

and mechanisms that cause metabolic syndrome.
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Introduction

Metabolic syndrome is a clustering of cardiovascular risk factors associated with hypertension,
insulin resistance, glucose intolerance, obesity, hypertriglyceridemia, hypercholesteremia and low
levels of high-density lipoprotein. Pre-menopausal women are relatively protected from metabolic
syndrome compared to men. In contrast, postmenopausal women have a higher prevalence of
metabolic dysfunction, with the age-related loss of female sex hormones [1-3]. Several genetic
loci and genes have been discovered that are individually associated with one or a few of the
above-mentioned phenotypes of metabolic syndrome. To our knowledge, there is no single gene
that, when deleted in animals causes most phenotypes associated with MetS, including

hypertension.

Alstrébm syndrome is a rare, autosomal recessive genetic disorder linked to deleterious
mutations in the ALMS1 gene, which causes multiple phenotypes that are risk factors for
metabolic syndrome in addition to cardiovascular disease, and chronic kidney disease. In Alstrom
syndrome patients renal function deteriorates progressively with age and end-stage renal disease
is a common cause of death [4-7]. Hypertension is a common risk factor for chronic kidney disease
(CKD) [8,9]. SNPs in the ALMS1 gene are linked to decreased renal function (CKD gen) and were
also linked to hypertension and increased pulse pressure status in a multipoint linkage analysis
in 7 primary sibling samples of African American, Caucasian and Mexican populations [10]. This
suggests that ALMS1 is a gene with deep penetrance on a wide cluster of metabolic phenotypes

and could be an essential player in maintaining normal metabolic health.

We previously showed that ALMS1 is involved in blood pressure regulation and control of
renal function by promoting endocytosis of the Na*/K*/2ClI cotransporter NKCC2 in the kidney
[11]. Another study showed that ALMS1 mutant mice displayed altered intracellular localization of
glucose transporter-4 (GLUT4) and decreased insulin-stimulated trafficking of GLUT4 to the
plasma membrane in adipocytes [12], suggesting a mechanism for the development of insulin
resistance due to ALMS1 deletion. In addition, ALMS1 KO mice develop early onset obesity and
insulin resistance [13]. However, it is unclear whether ALMS1 deletion causes the whole range of
symptoms of metabolic syndrome including obesity, insulin resistance, hyperleptinemia, and

altered lipid profile, in addition to hypertension.

In this study, we characterized an ALMST1 knockout rat, generated on the genetic
background of the Dahl Salt sensitive rat. Our data show that this model exhibits age-dependent

and sex-independent obesity, hypertension, hyperleptinemia, hyperlipidemia and vascular
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dysfunction. Therefore, this ALMS17 knockout rat spontaneously and without any dietary
intervention, exhibits all phenotypes of metabolic syndrome making it a very valuable tool for
studying the mechanisms and new drugs to treat metabolic syndrome. Our data also point to the

pleiotropic role of ALMS1 in metabolism and vascular function.
Result
Generation of ALMS1 genetic deletion rat model:

We studied the effect of ALMS1 deletion in rats on metabolic parameters, this transgenic rat was
generated using zinc finger nuclease gene editing technology in collaboration with the Gene
Editing Rat Resource Center (GERRC) at the Medical College of Wisconsin [11]. Deletion of 17
base pairs in exon 1 of the ALMS1 gene results in a premature stop codon to generate the ALMS1
deletion in Dahl salt sensitive rats (Figure 1A). Figure 1B shows a 90% reduction in ALMS1
expression in kidney lysates from ALMS71 KO rats. This indicates successful whole-animal
knockout of ALMS1 supporting the use of these rats for studying the effect of ALMS17 deletion on

metabolic phenotype.
Young ALMS1 KO rats (7-9 weeks old) do not develop metabolic syndrome:

Previous reports have shown that transgenic ALMS7 mice are characterized by age-dependent
obesity, metabolic syndrome and kidney damage [13]. We measured the body weight of wild-type
(WT) and ALMS1 KO rats and Table 1 clearly shows that at age 7 weeks, body weight was not
different between the sexes or the strains. We found no difference in plasma insulin or blood

glucose levels between the strains or the sexes. Interestingly, plasma leptin was extremely higher

at 67 weeks of age in male rats (ALMS1: 3530 £ 300 vs. WT: 172 + 16 pg/ml) as well as in female
rats (ALMS1: 2241 + 523 vs. WT: 76 £ 24 pg/ml) (Table 1). These data indicate that at 6-7 weeks

of age, ALMS1 KO rats do not significantly develop metabolic syndrome. However, elevated
plasma leptin in young ALMS1 KO rats occurs before developing metabolic dysfunction. This
points to ALMS1 as a potentially novel gene involved in leptin biology/function, expression and/or

release.
14-16 weeks old ALMS1 KO rats develop hyperphagia and obesity:

Since 6-7-weeks-old ALMS1 KO rats did not have a higher body weight than wild-type littermates,
we tested whether older ALMS1 KO rats were obese. We measured their body weights and found
that both male and female ALMS1 KO rats have a significantly higher body weight than their wild-

type littermates, starting at age week 9 in males and week 7 in females (Figure 2A). In 16-18-
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weeks-old ALMS1 rats, we measured abdominal fat mass and found that it was higher in both
male (ALMS1 KO: 31.3 £ 3.4 g vs. WT: 11.36 + 2.5 g) and female ALMS1 KO rats (ALMS1 KO:
35.8+3.7gvs. WT: 7.62 + 1.8 g, n = 3) compared to their wild type littermates (Figure 2C, 2D)
and appeared obese at 16 weeks of age (representative image of female rats; Figure 2B). We
then measured food intake in 16—18-weeks-old ALMS1 KO rats and found that both male (ALMS1
KO: 27 £ 3 g/day vs. WT: 19 £ 2 g/day) and female ALMS1 KO rats (ALMS1 KO: 25 £ 2.5 g/day
vs. WT: 13 £ 1 g/day) are hyperphagic (Figure 2E, 2F), a potential cause for their obesity. We
then measured plasma leptin levels in 16-18-weeks-old ALMS7 KO and found that both male
(male ALMS1 KO: 68300 + 10500 vs. WT: 2750 + 1100 pg/ml) and female ALMS1 KO rats were
hyperleptinemic (female ALMS1 KO: 64100 £ 15900 vs. WT: 900 = 300 pg/ml) (Figure 2G, 2H).
These data suggest that ALMS7 KO rats may have a progressive deficiency in leptin signaling

leading to blunted satiety, suggestive of leptin resistance.
ALMS1 KO rats exhibit altered lipid profile:

Metabolic syndrome is associated with several abnormalities in blood lipid profile such as serum
triglycerides, low-density lipoprotein (LDL), high-density lipoprotein (HDL), and total cholesterol
[4-7]. We observed that serum from 16-18 weeks old ALMS1 KO rats appeared milky, suggesting
hyperlipidemia (Figure 3A). Therefore, we measured their serum lipid profile and found that
triglyceride levels were significantly elevated in both male (ALMS1 KO: 543.7 + 179.3 mg/dl vs.
WT:100.3 £ 15.5 mg/dl) and female ALMS1 KO rats (ALMS1 KO: 595.9 + 200.1 mg/dl vs. WT:
55.6 + 12.5 mg/dl). Significant differences were observed in serum total cholesterol (ALMS1 KO:
166 £+ 41.5 mg/dl vs. WT: 81.9 £ 4.9 mg/dl) HDL (ALMS1 KO: 41.9 £ 7.9 mg/dl vs. WT: 67.8 £ 2.2
mg/dl) LDL (ALMS1 KO: 49.5 £ 17.6 mg/dl vs. WT: 15 + 1.4 mg/dl) only in female ALMS1 KO rats,
but not in male ALMS1 KO rats (Figure 3B, 3C). These data indicate that ALMS1 KO rats develop
progressive hyperlipidemia with several lipid profile parameters such as serum HDL, LDL and
total cholesterol levels particularly exacerbated only in females but not male ALMS17 KO rats.

These data suggest that ALMS1 may be involved in sex-based differences in lipid metabolism.

ALMS1 KO rats are insulin resistant.

Insulin resistance is characterized by an impaired insulin sensitivity due to decreased ability of
cells to respond to insulin and regulate blood glucose levels [1-3]. We tested whether depletion
of ALMS1 in rats reproduced insulin resistance as seen in the ALMS1 mutant mice model [13].
We measured random blood glucose by tail snips, and we found that it was not different between
the groups in either male (ALMS1 KO: 134.5 + 9.4 mg/dl vs. WT: 132.3 £ 9.9 mg/dl) or female rats
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(ALMS1 KO: 122 + 2.5 mg/dl vs. WT: 130.3 £ 2.4 mg/dl) (Figure 4A, 4B). However, the fasting
blood glucose measurement showed significantly higher values in both male (ALMS1 KO: 108 £
4 mg/dl vs. WT: 61 £ 17 mg/dl) and female rats (ALMS1 KO: 100 £ 12 mg/dl vs. WT: 71 £ 6 mg/dl)
rat groups (Figure 4C, 4D). Fasting plasma insulin was measured to be significantly higher in
both female and male KO rats (Male- ALMS1 KO: 13.2 £ 5.6 ng/ml vs. WT: 1.095 + 0.6 ng/ml)
and (Female- ALMS1 KO: 7.6 £ 1.7 ng/ml vs. WT: 0.82 + 0.27 ng/ml) (Figure 4E, 4F), indicating
that ALMS1 KO rats are hyperinsulinemic. Together, these data suggest that ALMS7 KO rats may
have deficient insulin signaling, leading to their decreased ability to lower fasting blood glucose,

indicative of insulin resistance.
Male and female ALMS1 KO rats are hypertensive:

Hypertension is a significant risk factor in determining the severity of metabolic syndrome [14-19].
To test whether genetic deletion of ALMST in rats leads to a sex-dependent increase in blood
pressure, we used 7-9-weeks old ALMS1 KO rats and WT littermates fed on a regular salt diet
(0.22% Na) to measure systolic blood pressure by tail-cuff plethysmography. We found that both
male (ALMS1 KO: 151 £ 5.1 mmHg vs. WT: 125 + 4.2 mmHg) and female (ALMS1 KO: 199 £ 7.1
mmHg vs. WT: 134 + 3.3 mmHg) ALMS1 KO rats are hypertensive (Figure 5A). Systolic blood
pressure in female ALMS1 KO rats was higher than that of their male counterparts (Figure
5B). This suggests that blood pressure is more severely elevated in female ALMS1 KO rats than
males. This finding in ALMS1 KO rats on a Dahl SS background is interesting because, previous
studies have shown that female Dahl SS rats are protected from hypertension in comparison to
male Dahl SS rats [20]. This indicates that deletion of ALMS1 eliminates any protection of

hypertension that was observed in female rats.
ALMS1 KO rats exhibit vascular dysfunction

The role of ALMS1 in vascular reactivity is not known. Each component of the metabolic syndrome
has been shown to affect the vascular endothelium and smooth muscle cell function to cause
vascular dysfunction and disrupt vascular homeostasis [21]. Given the metabolic pathophysiology
in ALMS1 KO rats, we asked whether the deletion of ALMS1 in rats led to vascular dysfunction.
We measured the vasorelaxation response of thoracic aortic rings prepared from WT and ALMS1
KO rats to methacholine- and nitroprusside. This is a measure of endothelial-dependent and
endothelial-independent vasorelaxation, respectively [22]. Given that older rats develop metabolic
dysfunction, we tested the vascular reactivity of rats between the ages of 14-20 weeks with

significant metabolic defects. We found that thoracic aorta from both 14-20 weeks-old female and
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male ALMS1 KO rats had a reduced vascular reactivity to nitroprusside (Figure 6A, 6B). This
indicated a defect in the relaxation response of arterial smooth muscle to nitric oxide donor in the
aorta from ALMS1 KO rats between the ages of 14-20 weeks old. However, it should be noted
that male ALMS1 KO rats showed a defect in nitroprusside-induced vasorelaxation at doses much
smaller than that observed in female ALMS7 KO rats. In addition, abdominal aortic rings from
both female and male ALMS1 KO rats showed a decreased endothelial-dependent vasorelaxation
in response to methacholine (Figure 6C, 6D). Overall, these data together suggest that ALMS1

function regulates endothelial function in the context of metabolic dysfunction.
Discussion:

The coexistence of hypertension and diabetes mellitus triples the risk for cardiovascular
disease, as indicated in the Framingham Heart study [16] and MRFIT trials [17]. Obesity-related
hypertension is also known to predispose to coronary heart disease, renal dysfunction, left
ventricular hypertrophy and congestive heart failure [23-26]. The presence of hypertension in the
setting of obesity and diabetes creates a vicious feed-forward loop that also increases the
occurrence of end-stage kidney failure [27]. Despite the medical importance of metabolic
syndrome, there are very few animal models that recapitulate all hallmarks of this syndrome,
including hypertension. In this manuscript we present data showing that deletion of ALMS1 in rats,
causes all phenotypes of metabolic syndrome, while on a normal diet, including hypertension,
independently of sex. There is significant evidence that the ALMS1 gene is associated with
metabolic diseases, hypertension and kidney disease in the general population. Patients with
absence of functional ALMS1 exhibit exacerbated symptoms of metabolic syndrome including
progression of cardiac and kidney disease [4-7]. Two independent genome-wide association
studies showed single nucleotide polymorphisms in the ALMS1 locus associated with lower GFR
and chronic kidney disease [28-31]. Quantitative trait loci (QTL) associated with blood pressure
and salt-sensitive hypertension were mapped to the ALMS1 locus [32-36]. Thus, ALMS1 is likely
to control multiple pathways involved in metabolism and cardiovascular function, and our data

support this view.

Our study shows that ALMS1 KO rats are an accurate model of metabolic syndrome, which
includes hypertension and dyslipidemia. We show that 14-20 weeks-old male and female ALMS1
KO rats are hyperinsulinemic, obese, hyperphagic, hypertriglyceridemic and hyperleptinemic.
Female ALMS1 KO rats also exhibit metabolic disturbances including higher serum cholesterol,
LDL, and low HDL levels. Insulin resistance in the ALMS1 KO rat may develop secondarily to

obesity, since we previously showed that young non-obese ALMS7 KO rats are not
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hyperinsulinemic [11]. However, hyperleptinemia is not likely to develop secondary to obesity
because 7 weeks old ALMS1 KO rats have elevated plasma leptin levels before they show any
signs of obesity. This suggests a primary role of ALMS1 in leptin production or signaling that
causes hyperleptinemia. In addition, our data also support the hypothesis that hyperleptinemia
and hence, leptin resistance could be the cause of obesity in our rat model. Previous studies have
shown that in hypothalamic neurons, ALMS1 is known to be present in the base of the cilia, which
plays a role in the regulation of satiety. In foz/ foz mice, loss of ALMS1 from this location coincided
with a reduction in adenylyl cyclase 3 (AC3), a signaling protein implicated in obesity. In
agreement with our data, another study showed that both sexes of global and mesenchymal stem
cell-specific knockout of ALMS1 showed increased serum leptin concentrations [37]. This,
together with our data suggests a role for ALMS1 in neuronal ciliary function and control of satiety
[38]. Overall, our study suggests that the ALMS7 KO rat provides an excellent new model to
elucidate the associated pathophysiological mechanisms of metabolic dysfunction and

cardiovascular risk factors.

ALMS1 is involved in ciliary function in some, but not all, cells. A study demonstrated that the
knockdown of ALMS1 in a mouse inner medullary collecting duct (mIMCD3) cell line caused
defective ciliogenesis [39], indicating a role for ALMS1 in the maintenance of ciliary function. In
contrast, cilia appeared to assemble normally in renal collecting tubules from ALMS1 transgenic
mice [13]. Similarly, fibroblasts from human Alstrém syndrome patients were shown to have
normal cilia but still had defects in membrane trafficking [40], indicating that the pathology
observed in these patients may be due to defects in intracellular trafficking. While the role of
ALMSH1 in ciliary function is debatable, our previous data suggested that ALMS1 KO rats seem to
have normal ciliary development in the renal tubules indicating that the renal phenotype observed
in ALMS1 KO may be independent of cilia [11]. However, it must be noted that we only measured
cilia length but not ciliary-dependent signaling in ALMS1 KO rats [11]. Despite cilia appearing
normal in size and number, vascular ciliary function such as flow-induced nitric oxide synthesis
[13] may be affected in ALMS1 KO rats, thereby causing defective vasorelaxation, as observed
in this study. More studies will be needed to decipher the molecular mechanism through which
ALMS1 regulates endothelial nitric oxide synthase and nitric oxide signaling in arterial smooth

muscles.

We previously showed the function of ALMS1 in regulating renal function [11,41]. However, very
little is known about the role of ALMS1 in other organs. ALMS1 seems to be involved in the

development of obesity, since Alstrom syndrome patients develop early-onset obesity, and ALMS1
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targeted mutations in mice lead to the development of age-dependent obesity, insulin resistance,
diabetes, and hepatic steatosis between the ages of 18 to 21 weeks [13]. In foz/foz, a mouse
strain carrying mutation in ALMS1, it was found that along with hyperphagia, impaired brown
adipose tissue (BAT) diet-induced thermogenesis was evident, which is an essential factor driving
diet-induced obesity and glucose intolerance [42]. Additionally, stable knockdown of ALMS1 in
3T3-L1 preadipocytes was associated with impairment of lipid accumulation and a twofold
reduction in adipocyte gene expression following hormonal induction of adipogenesis [43],
suggesting that partial impairment of early phase adipogenesis in Alstrém syndrome may
contribute to the severity of the associated metabolic phenotype [43,44]. In contrast, pre-
adipocytes isolated from ALMS1 mutant mice demonstrated normal adipogenic differentiation but
gave rise to mature adipocytes with reduced insulin-stimulated glucose uptake. ALMS1 mutant
mice also displayed altered intracellular localization of GLUT4 [45]. Reduced insulin-dependent
GLUT4 translocation to the plasma membrane in adipose depots may explain glucose intolerance
and compensatory hyperinsulinemia in Alstrém patients and in transgenic ALMS7 mouse models
[13]. Interestingly, caloric restriction in an Alstrdbm patient prevented hyperinsulinemia [46],
indicating hyperinsulinemia may develop secondary to obesity, as also suggested by our data in
ALMS1 KO rats. Therefore, these observations support the idea that adipose tissue with a

reduced glucose uptake may expand by de novo lipogenesis to an obese state [45].

Sex hormones are important regulators of plasma lipid metabolism. They are responsible
for sexual dimorphism in the plasma lipid profile and, thus can likely account for at least part of
the cardiovascular protective effect in females [1-3,16,17]. Several genes have been
mechanistically linked to sex-based differences in the development of metabolic syndrome [1-
3,16,17]. Some sex-based differences in the development of metabolic disorders were also seen
in @ mouse model of ALMS1 mutation [13]. In this mouse model, contradictory to our data, only
males became hyperglycemic. [13]. In this study, however, loss of ALMS1 in mice was not
characterized for sex-based phenotypic differences in hypertension nor vascular function [13]. We
previously showed that ALMS1 KO rats have elevated blood pressure and this preceded other
characteristics of metabolic dysfunction in these rats [11]. Here, we show that female ALMS1 KO
rats exhibited a more severe form of metabolic syndrome than their male counterparts. The
underlying cause of sex differences is unknown. However, we previously found that the carboxyl
terminus of ALMS1 interacted with proteins involved in estrogen receptor signaling such as
prohibitin and integrin linked kinase (ILK) [47,48], suggesting the involvement of ALMS1 in

estrogen signaling. Further studies are needed to test this potential hypothesis.
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Methods:

Generation of ALMS1 KO rats: Frameshift deletion of 17 bp in exon 1 (containing a Nci1
restriction site) of ALMS1 gene was facilitated by injecting zinc Finger nucleases targeting the
sequence CCCGCCTCCGACTCCGCCtccgtcCTCCCGGCACCAGTA into Dahl SS/JrHsdMcwi
rat embryos. This deletion caused a frameshift leading to pre-mature stop codon in exon 2.
Confirmation of deletion was done by PCR using exon 1 specific primer followed by Nci1

restriction digestion.
Forward primer- AGAGGAAGAGTTGGAAGGGG,
Reverse primer- ATACATAGGCAGAGCGACCC.

ALMS1 KO rats were generated in Dahl salt-sensitive background and were males and females
between the ages of 6-18 weeks of age. Age-matched littermate controls were male and female
Dahl salt-sensitive rats, respectively. Animals were fed a standard diet (0.22% Na, 1% K) from
Envigo (Indianapolis, IN). All procedures involving live animals were approved by the Institutional
Animal Care and Use Committee (IACUC) of the Henry Ford Hospital and conducted following

guidelines.

Blood pressure measurements: Systolic blood pressure was also measured in awake rats by

tail-cuff plethysmography.

Plasma insulin and leptin measurement: Whole blood was collected from the abdominal aorta
of rats anesthetized with Pentobarbital (Nembutal) at a dose of 100ul/100 g body weight and was
immediately mixed with an appropriate volume of EDTA (5:1 ratio) to prevent blood coagulation.
Blood was then spun at 200g for 20 minutes to collect plasma. Using an enzyme immunoassay
kit from Cayman (Ann Arbor, MI), plasma samples were used to measure insulin and leptin
concentration. Plasma renin activity Plasma renin activity was analyzed by the generation of
angiotensin (Ang) | (ng Ang 88 I/ml/hr) using a Gamma Coat RIA kit (DiaSorin, Stillwater, MN) as

previously described and according to the manufacturer’s instructions [49].

Blood glucose and serum lipid profiling: Random and fasting blood glucose was measured
using Wavesense Presto Blood Glucose meter (AgaMatrix, Salem, NH). Lipid profiling using rat
serum samples was done using Siemen’s healthcare diagnostic analyzer (Siemens, Malvern, PA)

according to the manufacturer’s instructions.

Vascular reactivity: Briefly, rats were anesthetized with pentobarbital (50 mg/kg). Abdominal and

thoracic aorta from rats was removed while maintaining endothelium intact and suspended in
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water baths containing perfusion solution to assess vascular reactivity. Metacholine and
Nitroprusside-induced vasorelaxation was measured as a percentage of 0.1 mM Phenylephrine-

induced vascular contraction.

Statistical analysis: Results are expressed as mean + SEM. Single intergroup comparisons
between two groups were performed with a Student’s f-test using GraphPad Prism software.

p<0.05 was considered statistically significant.

Inclusion and Exclusion criteria: No outliers were excluded from the study. Blinding: In vascular
reactivity experiments, the experimenter was blinded to the identities of rats. Power analysis:
Based on previous experience, animal cohorts of 3-6 rats per group are deemed sufficient to

detect differences between groups with a 90% power and a 5% type | error rate.

Data sharing:

We will follow all NIH policies concerning sharing reagents, materials, and information with other
investigators. Detailed protocols are provided to everyone who requests them. Upon publication,
this manuscript will be submitted to the National Library of Medicine’s PubMed Central as outlined

by NIH policy.
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Figure 1: Generation of ALMS1 KO rats. A) Zinc finger nucleases target 17 base pairs in exon
1 of the ALMS1 gene leading to a frameshift and causing a pre-mature stop codon in exon 2
(figure adapted from [11]). B) Representative Western blot for ALMS1 in kidney lysates from WT
and ALMS1 KO rats, n = 3, * p < 0.05 vs. WT. Data is represented as mean +SEM; analyzed by

a two-tailed Student’s t-test.

Figure 2: 14-16 weeks old ALMS1 KO rats develop hyperphagia and obesity. A) Body weight
differences between the sexes of ALMS1 KO rats, n = 5 vs. WT. B) Representative image of old
female ALMS1 KO and WT rats. C&D) Abdominal fat pad weight in both sexes of ALMS7 KO rats,
n = 3 vs. WT. E&F) Daily average food intake in both sexes of ALMS1 KO rats, n = 5 vs. WT.
G&H) Plasma leptin concentration in both sexes of ALMS7 KO rats, n = 4 vs. WT. Data is
represented as mean +SEM; analyzed by one or two-tailed Student’s f-test; *p<0.05, **p<0.01
***p<0.0005.

Figure 3: ALMS1 KO rats exhibit altered lipid profiles. A) Males ALMST1KO: n=7, WT. n =4,
*p <0.01 vs. WT and B) Females ALMS1 KO: n =7, WT: n =4, * p < 0.05 vs. WT. Data is

represented as mean +SEM; analyzed by a one-tailed Student’s f-test.

Figure 4: ALMS1 KO rats are insulin resistant. A&B) Random blood glucose in both the sexes
of ALMS1 KO rats, n = 3, C&D) Fasted-blood glucose in both sexes of ALMS7 KO rats, n =3, *
p < 0.05 and E&F) Plasma insulin in both sexes, male ALMS7 KO: n =5 & WT: n = 3, female
ALMS1KO:n=9 & WT:n =6, *p <0.05 vs. WT. Data is represented as mean +SEM; analyzed

by one or two-tailed Student’s t-test.

Figure 5: ALMS1 KO rats are hypertensive. A&B) Systolic blood pressure in both sexes of
ALMS1 KO rats; Females- n = 6, **** p < 0.0001 vs. WT. B) Males- WT: n = 5 and ALMS1 KO:
n=8, **p < 0.005 vs. WT. Data is represented as mean +SEM; analyzed by two-tailed Student’s t-

test.

Figure 6: ALMS1 KO rats exhibit vascular dysfunction. A&B) Nitroprusside-induced
vasorelaxation in abdominal aorta from 14-20 weeks-old male and female ALMS1 KO rats; n=6,
*p<0.05, **p<0.005. C&D) Methacholine-induced vasorelaxation in abdominal aorta from 14-20
weeks-old male and female ALMS1 KO rats; n=6, *p<0.05, **p<0.005. Data is represented as
mean +SEM; analyzed by student’s t-test.

Tables:

Table 1: 6-7-weeks old ALMS1 KO rats have a normal metabolic profile.
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Metabolic WT- male ALMS1 KO- male | WT- female ALMS1 KO-female
parameters | (6-7-weeks old) | (6-7-weeks old) | (6-7-weeks old) | (6-7-weeks old)
Body weight 2027 2156 150+5 16517
(9)

Plasma 172116 3530300 * 76124 2241+523*
leptin

(pg/ml)

Plasma 2+0.4 31 1.91£0.3 3.4+0.7
insulin

(mg/ml)

Blood 9815 1169 9315 98+4
glucose

(mg/dl)

Table 1: Blood glucose, plasma insulin, and body weight in WT and ALMS1 KO rats measured in
6-7-weeks of age were similar except for the plasma leptin which was elevated in the ALMS1 KO
rats. All values represent mean + SEM and statistical analysis was performed with two-tailed
Student’s t-test. Male WT n=9; male ALMS1 KO n=6; Female WT n=8; Female ALMS1 KO n=7;
*p<0.05 vs. WT.
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