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Abstract

Sixty years ago, the geneticist James Neel proposed that the epidemics of obesity and diabetes
today may have evolutionary roots. Specifically, he suggested that our ancestors may have
accumulated mutations during periods of famine that provided a survival advantage at that time.
However, the presence of this “thrifty genotype” in today’s world where food is plentiful would
predispose us to obesity and diabetes. The ‘thrifty gene’ hypothesis, attractive to some, has

been challenged over the years. We have previously postulated that the loss of the uricase gene,
resulting in a rise in serum and intracellular uric acid levels, satisfies the criteria of a thrifty
genotype mutation. Here we review and bring up-to-date the evidence supporting the hypothesis
as well as discuss the current arguments that challenge this hypothesis. While further studies are
needed to test the hypothesis, the evidence supporting a loss of uricase as a ‘thrifty gene’ is
substantial and supports a role for evolutionary biology in the pathogenesis of the current obesity
and diabetes epidemics.
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Introduction

In 1962, James Neel proposed that the remarkable rise in obesity and diabetes in western
civilization might have evolutionary origins (1). Specifically, he suggested that there were
likely times in our past where food and water availability may have been tenuous, and that
spontaneously occurring mutations that could provide survival and reproductive advantage
during these harsh times would have been “naturally selected” and integrated into future
generations. While this “thrifty genotype” would have been advantageous during a time of
food scarcity, the persistence of these genotypes into times when food is plentiful may be
poorly adapted and lead to obesity or diabetes (1). Accordingly, the thrifty gene hypothesis
could not only explain the remarkable rise during the twentieth century of not only obesity
and diabetes, but potentially the rise of other conditions, including high blood pressure, fatty
liver disease, chronic kidney disease and heart disease.

While the thrifty gene hypothesis has been attractive, there have been very few gene
candidates. This has led to alternative hypotheses, such as our ability to avoid predation

in the last million years has allowed obesity to develop in our society (the “drifty gene”
hypothesis) (2). We have suggested that, rather than the gain of a new undefined gene, the
loss of the uricase gene meets the criteria of a thrifty genotype (3) (Table 1). Here we review
the hypothesis that the uricase mutation, by raising serum and intracellular uric acid levels,
aided the survival of our ancestors during a prolonged period of seasonal famine, but today
appears to increase our susceptibility to obesity and diabetes in response to western diet. We
also discuss the challenges and limitations to the hypothesis.

Evidence that the Uricase Mutation May have acted as a “Thrifty Gene”

Uricase and the Regulation of Uric acid

Uric acid is a nitrogenous waste product that is generated during the breakdown of RNA,
DNA and ATP. In most mammals circulating uric acid levels are around 1 mg/dL, as blood
levels are tightly regulatable by an enzyme, uricase, that degrades uric acid, eventually
generating allantoin (4). However, unlike most mammals, uricase activity progressively
weakened during primate evolution, and became completely silenced in ancestors of humans
prior to the emergence of lesser apes, millions of years ago (5).

A consequence of the uricase mutation is that serum uric acid levels are higher and less
easily regulatable. While animals expressing uricase typically maintain serum uric acid in
the 1 to 2 mg/dL range, studies of apes that lack uricase document a doubling of serum uric
acid to levels of 3 or 4 mg/dL (4). Furthermore, a study of the Yanomamg Indians that live
on their traditional diets in southern Venezuela also found serum uric acid levels in the 3 to
4 mg/dl range (4). In contrast, serum uric acid levels tend to be higher in western culture,
with levels typically in the 3 to 6 mg/dL range, and with over 30 million people in the

USA having serum uric acid levels of 6.8 mg/dL or higher (defined as hyperuricemic). A
consequence of higher serum uric acid levels is the predisposition to gout, in which uric acid
crystallizes into the joints to cause a severe and painful arthritis. Indeed, gout is extremely
rare in indigenous populations, and its frequency increases in modern societies (4).
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The Uricase Mutation Occurred During Seasonal Starvation and Extinction

Molecular biology studies involving comparisons among extant primates have demonstrated
that there was a stepwise reduction in uricase activity in primates coinciding with a decline
in global temperatures from the Eocene climatic optimum through the Oligocene and early
Miocene (5, 6). Uricase gene activity became silenced in a common ancestor of the ape/
human lineage following a single amino acid replacement (mutation F222S) (6). The timing
of this latter mutation occurred before the split of the lesser apes from the great apes. As
the fossil evidence of the earliest apes date to 20 to 24 million years ago, the timing of the
mutation likely occurred between that time and the split of the orangutan from the African
great apes around 12 million years ago (5, 7).

Studies suggest that the earliest apes lived in East Africa, and were frugivorous and lived

in tropical rain forests and deciduous woodlands (reviewed in (8)). They were initially quite
successful and within a few million years had expanded to a half-dozen or more species.
However, global temperatures which had been declining from the Eocene climate optimum
continued to fall, resulting in the accumulation of ice in the Antarctic and a fall in sea level.
By 17 to 18 million years ago, land bridges developed that allowed early apes to migrate
out of Africa to Eurasia. Temperatures continued to fall, resulting in the Middle Miocene
Climate Transition between 13 to 15 million years ago and the Middle Miocene Disruption
(14.8 to 14.1 million years ago) in which nearly 30 percent of species became extinct.

Initially the apes that arrived in Eurasia continued to consume fruits all year, but as the
climate cooled, there was a progressive change from subtropical forest to open woodlands
and deciduous forests interspersed with open country. The changes in habitat resulted in
greater seasonality, leading to decreases in fruit availability during the cooler seasonal
months. Evidence for seasonal starvation is apparent from the presence of recurrent rings of
enamel hypoplasia on the incisors of growing teeth in ancestral apes found at sites in Spain
and eastern Europe (reviewed in (8)).

A consequence of the loss of fruit availability and seasonal starvation was the necessity

for all fruit-eaters to find other foods. During this period the ancestral apes became more
terrestrial, foraging for ‘fallback’ foods in the ground such as tubers and roots. This led to

a selective advantage for apes that were better able to do this, and there was rapid evolution
of apes in Europe with fossil evidence of changes in the axial skeleton, the development of

a more robust (stronger) jaw, and for thicker enameled teeth. Nevertheless, as global cooling
continued, the ape colonies declined, retreating to small isolated colonies (refugia) and
eventually the last European ape became extinct around 8 to 9 million years ago (reviewed in

(8)).

While the apes in Europe became extinct, the fossil record suggests that some of these apes
may have migrated back to Africa or other sites to later become modern apes and humans.
This ‘back to Africa’ hypothesis is based on evidence that the morphological and genetic
change during the middle Miocene of Europe over a period of 15 to 8 million years ago

in response to climate change were shared and retained in both the lineage leading to the
orangutan in Asia and to the African apes and humans in Africa (reviewed in (8)). Indeed,
fossil evidence suggests that some skeletal and dental adaptations that were acquired in
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Europe show up later in our primate lineage in Africa. For example, Kenyapithecus kizili
identified in Pasalar, Turkey is a candidate ancestor of great apes and humans, and had a
unique tooth structure that does not appear until two million years later in Kenyapithecus
wickerifrom Fort Ternan, Kenya (9). Other fossil apes may also have migrated to Asia
where they evolved to become the lesser apes or gibbons while others founded the orangutan
lineage (reviewed in (8)).

Thus, there is fossil evidence that a European ape may have returned to Africa to become
the ancestor of the African great apes and humans (reviewed in (8)). Consistent with

the fossil evidence, molecular biology studies confirm that the Middle Miocene Climatic
Transition and extinctions coincided with a marked increase in mutations (noted by genetic
duplications) that were incorporated into our genome (10). Thus, relevant to the thrifty

gene hypothesis, the uricase mutation, which is shared by all apes and humans, may have
occurred during this period of food shortage and starvation and must have carried a selection
advantage as no apes survived that lacked this mutation (6).

Benefits of the Uricase Mutation in Circumstances of Seasonal Starvation

Uric acid was originally viewed as a nitrogen-rich biologic waste product. It is known,

for example, that many fish and amphibians excrete nitrogenous wastes as ammonia, while
mammals excrete mostly urea, and reptiles and birds (who also independently lost uricase
in the past) excrete nitrogen as uric acid. It was thought that the loss of uricase in reptiles
and birds provided a survival advantage as this allowed the precipitation of uric acid in the
cloaca so it could be excreted as guano with minimal water loss. However, this did not
explain why humans lack uricase, as we utilize urea as our means for excreting nitrogenous
wastes.

One hypothesis to explain the reason for the loss of uricase was that increased serum

uric acid, could function as an anti-oxidant, since uric acid can react with oxidants (11).
Hyperuricemia could thereby counteract the mutation in L-gulono-lactone oxidase that led
to the inability to make ascorbate (vitamin C) millions of years earlier(11). It was further
suggested that the anti-oxidant benefits of uric acid might help improve longevity and also
reduce mortality, especially from cancer (11).

Evidence supporting a role for uric acid as an anti-oxidant has been primarily been reported
in the neurological literature, suggesting benefits of uric acid in multiple sclerosis and
Parkinson’s disease. However, clinical trials were negative (12, 13). In addition, while uric
acid blocks peroxynitrite, it also generates other reactive oxygen species and does not reduce
overall oxidant levels released by inflammatory cells (14, 15). Indeed, lowering serum uric
acid with pegylated uricase also does not increase oxidative stress in humans (16), while
raising uric acid by blocking uricase actually increases oxidative stress, especially inside the
cell (17, 18). Furthermore, the protective effect of raising uric acid in models of multiple
sclerosis cannot be reproduced by ascorbate and appears to be due to an acute blockade of
the blood-brain barrier (19, 20). This might be explained by the known effects of uric acid

to acutely reduce endothelial nitric oxide (21) and could explain why acute administration of
uric acid may provide some protection in acute ischemic stroke, especially in women (22).
Finally, studies using inosine as a means for raising uric acid are difficult to interpret since
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the anti-inflammatory effects of inosine (23) may be due to its ability to bind adenosine or
generate ATP via the salvage pathway as opposed to raising uric acid (23, 24).

It is thus not surprising that a higher serum uric acid does not protect against cancer and
aging, but rather is associated with increased total and cardiovascular mortality (25, 26) as
well as risk for cancer (27, 28). Indeed, knocking out or inhibiting uricase increases tumor
growth and metastases (29).

The most compelling evidence of beneficial effects of the loss of uricase are related to the
ability of fructose to aid survival (Table 2) (30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,

42, 43, 44, 45). As mentioned, the main nutrient of ancestral apes was fruit, which is rich

in fructose. Fructose has been shown to be relatively unique from other nutrients in that it
causes rapid utilization of ATP followed by persistent maintenance of low intracellular levels
due to suppression of mitochondrial function (18, 38, 46, 47) and the inhibition of ATP
regeneration (such as by blocking AMP-activated protein kinase)(39, 48). This mechanism
involves the production of uric acid from the deamination of AMP followed by its ability

to stimulate the translocation of NADPH oxidase to the mitochondria where it causes
mitochondrial oxidative stress (38, 46, 49, 50). Thus, while uric acid in the plasma may act
as an antioxidant, the rise in intracellular uric acid paradoxically causes oxidative stress. The
mitochondrial oxidative stress inhibits enzymes such as aconitase and enoyl CoA hydratase
that act to preferentially shunt calories to fat as opposed to ATP, with the preferential
stimulation of glycolysis and fat synthesis, while at the same time the beta oxidation of fatty
acids is inhibited (39, 44, 47,51, 52, 53).

A role for uric acid in the biological actions of fructose was shown by the observation

that lowering uric acid could protect laboratory animals from developing fructose-induced
metabolic syndrome (54, 55, 56). Moreover, if uric acid levels are raised, such as with a
uricase inhibitor, then the effects of fructose to increase features of metabolic syndrome are
enhanced (57). For example, the inhibition of uricase in laboratory rats receiving a fructose-
glucose drink can significantly increase hepatic fat accumulation, serum triglycerides, serum
glucose and blood pressure as well as induce worse oxidative stress than either giving
fructose-glucose or uricase inhibition alone (57).

To further evaluate the function of the uricase gene in survival, we resurrected the ancient
uricase prior to its final silencing and expressed it in a human hepatocyte cell line (HepG
cells)(58). In cells expressing the ancient uricase, the rise in uric acid in response to fructose
was less, as was the increase in triglyceride content, when compared to human hepatocyte
cells that lacked uricase (5). Thus, the loss of uricase augmented the fat response to fructose.
The loss of the ancient uricase also amplified the gluconeogenic response to fructose which
suggests a role for uric acid as a means to enhance glucose production to aid the brain and
muscle during periods of starvation (48).

While these studies document how a loss of uricase can amplify the effects of fructose to
stimulate fat stores and insulin resistance, the uricase mutation may also enhance the ability
to survive independently of fructose (Table 3) (17, 21, 48, 57, 59, 60, 61, 62, 63, 64, 65,

66, 67, 68, 69, 70, 71, 72, 73, 74). For example, the inhibition of uricase would be expected
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to increase the effect of umami and purine foods (such as bone marrow) to raise uric acid
levels (75). Indeed, the administration of monosodium glutamate and/or AMP and IMP (i.e.,
umami tastants) in drinking water stimulates weight gain, fat accumulation, hepatic steatosis,
and hyperinsulinemia that is prevented by lowering uric acid. Directly adding uric acid to
drinking water also enhances the ability of monosodium glutamate to stimulate weight gain
(75).

There is evidence that the inhibition of uricase with an increase in uric acid may assist
other survival responses (Table 3). For example, blocking uricase raises blood pressure and
increases salt sensitivity in rats (76). Blocking uricase also stimulates behaviors involved

in the foraging response, including locomotor activity and impulsivity (59, 60, 61). Uric
acid also appears to have an important role in maintaining glucose levels in the setting

of starvation, by increasing gluconeogenesis, blocking insulin secretion, and stimulating
insulin resistance (48, 66, 67). Injecting uric acid into starving animals can provide survival
advantage similar to injecting glucose, while injection of the uricase product, allantoin, had
no effect (77).

Thus, the mutation of uricase likely aided survival for starving apes, by stimulating foraging,
enhancing fat stores and maintaining glucose levels from the fructose present in the little
fruit available (Figure 1).

Western Diet and the Switch from Preventing Starvation to Causing Obesity

The mutation in uricase was protective in situations of starvation and food scarcity and
hence it rapidly took over the ancestral population, likely during the tumultuous times in the
mid-Miocene. Today all humans are effectively uricase knockouts. However, the doubling
of uric acid resulting from the mutation (4) still kept the uric acid at levels not expected to
cause obesity. However, the loss of uricase resulted in a key inability to regulate uric acid
levels effectively. As a consequence, obesity resulted with the introduction of western diet
that contained large amounts of foods that could raise uric acid further.

One of the major foods is fructose itself, which historically was limited to fruits and honey.
However, approximately 2500 years ago sugarcane was discovered in the Ganges River
Valley, leading to the eventual commercialization of sugar (sucrose), which contains both
glucose and fructose. Sushruta, a physician from that region, was one of the first to observe
obesity, diabetes and heart disease, and he linked their presence to intake of the sweet

liquid obtained from the cane. Later, sugarcane was brought to China, Persia and Egypt,

and then to Europe via Venice. Initially sugar was expensive and obesity was primarily
observed among royalty and the wealthy. With the expansion of the sugarcane industry to the
Americas, along with the introduction of the sugar beet, sugar became more affordable by
the general population.

The total intake of added sugars underwent another sharp rise in the 1970s following the
introduction of high fructose corn syrup, which is a mixture of fructose and glucose, often
with a relatively higher proportion of fructose than glucose. Intake of added sugars (i.e.,
table sugar and HFCS) peaked in 2005, and has been slowly decreasing since. However,
average sugar intake remains about 14 to 16 percent of total calories, and adolescents, young
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adults, disadvantaged individuals, and ethnic minorities are ingesting higher amounts, with
some individuals ingesting 25 percent of total caloric intake from added sugars (78).

Much has been written about the parallel rise in sugar and HFCS intake with the rise in
serum uric acid, gout and the epidemics of obesity, diabetes and cardiovascular disease. Not
only is the intake of added sugars, especially in the form of sugar-sweetened beverages,
strongly associated with the development of obesity, diabetes, and metabolic syndrome
(79), but also hyperuricemia is a strong predictor even in individuals who do not have
manifestations of metabolic syndrome other than asymptomatic hyperuricemia (80). As the
level of serum uric acid increases, there is a stepwise increase in the frequency of obesity,
metabolic syndrome and related diseases (Figure 2) (81).

Strengths, Challenges and Limitations to the Uricase Thrifty Gene Hypothesis

If there is a thrifty gene, then why is not everyone obese?—A common criticism
of the thrifty gene hypothesis is that famines are too short to allow a thrifty gene mutation
to take over the entire population, and if it did, that it would drive obesity in everyone. It
has also been stated that famines preferentially kill the young and old, and and the potential
benefit of having obesity is not always evident.

However, the mutation that involved uricase occurred during a prolonged period of seasonal
starvation that occurred over 7 million years (from around 15 million years ago to 8 million
years ago). It was severe enough to lead to contraction of the population to refugia and
eventually to the extinction of the apes living in Europe. Many mutations occurred during
this time in our ancestral genome, and the loss of uricase could understandably have
provided a survival advantage that would have rapidly spread to the entire population.
Likely the key was the effect of the prolonged seasonal starvation on reproduction, which
is severely affected by a loss of fat stores (82). For example, the Dutch Famine of the
winter of 1944 found that only a few months of caloric restriction could markedly affect
fertility, fecundity, and reproductive outcomes (83). In the case of the mid-Miocene, the
fossil records suggest that not all the apes in Eurasia died, but that there were some that
returned to Africa and southeast Asia prior to their extinction in Europe. Those apes that
carried the mutation and returned to Africa may have carried a survival advantage over the
endogenous apes as the climate in East Africa also subsequently became drier and more
seasonal (8). Indeed, a mutation in alcohol dehydrogenase occurred during that time that
allowed the apes to eat ripe fruit that had fallen to the ground and was fermenting, which
allowed an additional food source but unwittingly allowed modern humans to consume
alcohol (84). Thus, the ‘duration argument’ is unlikely to be correct and does not apply to
the uricase hypothesis.

An important aspect of the uricase thrifty gene hypothesis is that it does not imply that

the mutation causes obesity, but rather that it predisposes to obesity. The mutation acted to
protect against starvation, but the uric acid levels only doubled, and this is not at a level that
would cause obesity. However, the mutation affected our ability to regulate uric acid levels,
and so in the setting of western diet rich in sugary foods, purine-rich foods and alcohol,

the serum uric acid levels have been increasing in the population, and as this happens, the
risk for obesity and diabetes also increase (Figure 2) (81). Hence, the loss of uricase is fully
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penetrant, but the manifestation of obesity requires ingesting the right foods or additional
genetic mechanisms that enhance the biological survival response to fructose.

If high uric acid levels result from a thrifty gene, should not genetic
polymorphisms that increase uric acid also increase the risk for obesity and
diabetes?—If uric acid has a role in driving metabolic syndrome, then one might predict
that genetic polymorphisms that raise serum uric acid should increase the risk for obesity
and diabetes. For example, the Polynesian people tend to have higher uric acid levels that
may be related to genetic polymorphisms acquired in the past. Gout, for example, was
present in old Maori skeletons found prior to the introduction of western culture (85). As
such, this group may be more prone to metabolic syndrome even in the absence of western
diet.

Nevertheless, most Mendelian randomization studies do not find a relationship between
genetic polymorphisms affecting serum uric acid levels with obesity, diabetes, hypertension,
or chronic kidney disease even though elevated serum uric acid consistently predicts
increased risk for obesity and diabetes (86, 87). In contrast, other genetic studies including
Mendelian analyses have found associations of genetic polymorphisms of uric acid with
obesity, diabetes, cardiovascular events and mortality (26, 88).

While the negative Mendelian randomization studies challenge the biological role of uric
acid in obesity, interpretation of Mendelian randomization studies is complicated because
these studies do not typically consider interactions of genetic polymorphisms with diet
which we know is important when considering uric acid.

In addition, the uricase mutation increased both intrahepatic uric acid levels and serum

uric acid levels, and it is the intrahepatic uric acid levels that drive the development of the
metabolic syndrome (89). Normally serum uric acid reflects intracellular uric acid levels, but
some genetic polymorphisms in urate transport that are used to calculate genetic scores for
Mendelian randomization can have opposing effects on serum versus portal vein levels (90,
91). Hence, one cannot assume that a genetic score that predicts serum uric acid levels will
also predict intrahepatic uric acid levels.

Indeed, one way serum and intrahepatic uric acid levels can be dissociated is when fructose
is produced endogenously in the liver. Recently it was shown that fructose-induced obesity
does not have to result from dietary intake of fructose, but rather the liver can also make
fructose in response to foods that activate the polyol (aldose reductase) pathway, such as
from high glycemic carbohydrates and salty foods (92, 93). Studies in humans suggest
endogenous fructose production may be equivalent to the ingestion of a soft drink a day
(94). Of interest, hepatic uric acid levels are high despite serum uric acid levels being normal
in obesity induced by high salt intake (93).

Thus, the uricase mutation is likely driving the metabolic syndrome via its effects on
intrahepatic uric acid level, and the serum uric acid is more of a biomarker and not the
critical factor that drives the obesity response from the uricase mutation. Nevertheless, since
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serum uric acid tends to reflect intracellular levels, serum uric acid still carries valuable
benefit in predicting the development of obesity and metabolic syndrome.

If a high uric acid has a role in obesity and diabetes, then should not the
inhibition of uric acid production lead to a decreased frequency of these
conditions?—There have only been a few pilot studies investigating the role of lowering
uric acid on metabolic outcomes, and the studies have shown mild benefit on weight loss
(95, 96) with improvement in glucose tolerance (97, 98, 99, 100), although one short,
two-week study did not show a benefit of lowering uric acid on insulin resistance (43).
However, this may be because experimental studies suggest uric acid also blocks insulin
secretion (67) in addition to causing insulin resistance (66), so these two effects could
potentially cancel each other out in the short-term. Likewise, pilot studies suggest lowering
uric acid can reduce blood pressure in adolescents with hypertension, but the benefits in
subjects with longstanding hypertension is less evident (101, 102).

The metabolic effects driven by the absence of uricase in affluent societies feeding

on a western diet may have two phases, with an initiation phase and a persistent

phase. For example, while fructose induces a metabolic phenotype through its ability to
cause mitochondrial oxidative stress, over time this may lead to persistent injury with
mitochondrial loss that may in itself predispose to obesity and thwart the ability to restore
weight to baseline levels (103). We observed that chronic administration of sucrose (which
contains fructose) initially caused insulin resistance, but over time there was a reduction

in insulin secretion due to progressive injury to the islets (41). Interestingly, this latter
effect was associated with increased expression of the urate transporter on the islets, and
uric acid was found to induce islet injury in studies using islet cells (41). Furthermore,

we found that raising uric acid levels with a uricase inhibitor caused acute hypertension,
but over time the hypertension transitioned from being uric acid-dependent to one that was
driven by inflammation in the kidney that caused persistent renal vasoconstriction (76). It
is also possible that other factors besides uric acid itself may be driving some metabolic
manifestations. For example, NAD+ is consumed during the production and metabolism of
fructose as well as from the synthesis of uric acid, and this may result in a decrease in
sirtuin activity that could amplify the development of obesity and metabolic syndrome (104).
However, this would not easily explain why raising uric acid levels by blocking uricase has
so many metabolic effects (Table 3).

Based on these observations, the lowering of uric acid (and fructose) might be most

likely protective before mitochondrial injury, islet dysfunction, and kidney damage becomes
permanent. This might explain why lowering fructose intake is so beneficial in children with
metabolic syndrome (105) and why obesity and diabetes are harder to reverse in the adult
who has had these conditions for a long time (76, 106, 107).

Conclusion

In summary, there is strong evidence that the uricase mutation likely represented a thrifty
gene, and that it provided a survival advantage to our ancestors during a prolonged period
of seasonal starvation during the Miocene, but that today it may be increasing our risk to
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become obese and diabetic. Nevertheless, more studies need to be performed, especially
to understand the benefit of lowering uric acid on obesity and metabolic syndrome. Most
studies suggest that the benefit is most likely greatest early in the course of metabolic
syndrome, partly because with time other mechanisms may occur that maintain the
phenotype besides the uric acid.
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Study Importance

. A classic hypothesis for the epidemic of obesity is that we acquired genetic
mutations to aid survival from famine in the past may predispose us to obesity
today (‘Thrifty Gene’ Hypothesis).

. This hypothesis is controversial primarily because of the lack of a gene
candidate.
. Here we review arguments for and against the uricase mutation as being a

thrifty gene which provides insights not only on uricase and obesity but also
on evolutionary biology of obesity.

Main Findings

. The uricase mutation occurred during a prolonged period of seasonal
starvation and near extinction of our ancestors.

. The uricase mutation likely had a role in survival by promoting the ability of
fructose to store fat and cause insulin resistance.

. Epidemiologic and clinical trials suggest elevated serum and intracellular uric
acid levels play a role in the epidemics of obesity and diabetes.

How will this Affect Research Directions and Clinical Practice
. The evidence supports the loss of uricase as a true thrifty gene

. This is likely to stimulate more research on the role of fructose and uric acid
in obesity and diabetes

. It highlights the importance of incorporating evolutionary biology as a way to
better understand the pathogenesis of diseases today
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Hypothesis: Could the Uricase Mutation Increase the
the Amount of Fat Produced from Fruit?

The Mutation Increases the Uric acid
Response to Fruit

bcss. Fruit More Fat stores
Available (fatty liver,
Mutation = =
Fructose = triglycerides)

Autumn

Uricase
Turic

ATP
$> [
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Figure 1. Hypothesis for How the Uricase Mutation may have Aided Survival to Hominids
Facing Seasonal Starvation.

According to the hypothesis, the loss of uricase would have amplified the uric acid response
to fructose, and this would have led to a greater activation of the biologic switch in response
to dwindling fruit supplies, leading to increased fat stores that would allow survival through
the cooler seasons.
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Figure 2. Relationship of Serum Uric acid Levels with Obesity and Diabetes.
An analysis of 5707 adults from the NHANES population survey (2007 to 2008)

demonstrated a strong relationship of serum uric acid levels with presence of obesity or
diabetes(81). One can observed that the risk for obesity with uric acid levels < 4 mg/dl

is relatively low, suggesting that the uricase mutation alone did not cause much obesity. It
was the interaction of the uricase mutation with western diet that led to the dramatic rise in
obesity and diabetes.
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Table 1

Arguments for Uricase as a Thrifty Gene

« The uricase mutation occurred during periods of climate change over millions of years leading to loss of food resources and the near extinction
of our ancestors

« The uricase mutation triggered biologic changes that improved survival in the setting of starvation or threatened starvation.

« The introduction of western diet set the stage for the uricase mutation to switch from a mechanism to prevent starvation to one driving obesity
and metabolic syndrome.

« Evidence supports the premise that reducing uric acid levels or fructose intake can prevent or treat obesity and metabolic syndrome.
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Table 2

Effect of Fructose on the Survival Response

Stimulates Hunger
Acutely does not stimulate insulin or leptin, while reducing ghrelin (30)
Acute reduction in hepatic ATP (31) which stimulates food intake (32)
Induction of leptin resistance (shown in rats) (33)
Stimulates Thirst
Increases serum osmolarity by shifting fluid to intracellular compartment (in rats) (34)
Stimulates vasopressin production via osmolar and nonosmolar pathways (35)
Oral fructose increases serum vasopressin (copeptin) in humans (36)
Stimulates Foraging Responses
Stimulates foraging-like behavior (reviewed in(37))
Stimulates Fat Accumulation
Stimulates hepatic lipogenesis (38)
Blocks beta fatty acid oxidation (39)
Blocks lipolysis in fat by causing hyperinsulinemia from insulin resistance
Increases Blood glucose levels
Induces Insulin Resistance (40)
Impairs Insulin Release by Islets (41)
Stimulates Gluconeogenesis (42)
Fructose Raises Blood Pressure (43)
Fructose Reduces Oxygen Needs by Stimulating Glycolysis (44)

Fructose Stimulates Innate Immune Pathways (45)
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In vivo evidence that Inhibiting Uricase is Involved in the Biological Survival Response

Table 3

Survival Response

Mechanism

Foraging

Fat Accumulation

Increases locomotor activity and hyperactivity (59)
Increased endurance (60)

Increases Impulsivity (61)

Decrease anxiety in stressful situations (62)
Decrease Recent Memory (hippocampal)(63)
Increases Fat in the Liver (57, 64)

Hypertriglyceridemia (65)

Impaired Glucose Tolerance  Stimulates Insulin Resistance (66)

Raises Blood Pressure

Inflammation

Stimulates Gluconeogenesis (48)

Reduces Insulin Secretion (67)

Reduces nitric oxide (21)

Stimulates renal and local RAS

Stimulates aldosterone (68)

Stimulates endothelin (69)

Stimulates oxidative stress (17)

Stimulates COX-2 associated thromboxane (70)
Increases Renal Sodium Reabsorption (71)
Systemic Inflammatory Markers (72)
Inflammasome activation (73)

Alterations in Microbiome/Leaky Gut (74)

Obesity (Silver Spring). Author manuscript; available in PMC 2023 October 01.

Page 21



	Abstract
	Introduction
	Evidence that the Uricase Mutation May have acted as a “Thrifty Gene”
	Uricase and the Regulation of Uric acid
	The Uricase Mutation Occurred During Seasonal Starvation and Extinction
	Benefits of the Uricase Mutation in Circumstances of Seasonal Starvation
	Western Diet and the Switch from Preventing Starvation to Causing Obesity
	Strengths, Challenges and Limitations to the Uricase Thrifty Gene Hypothesis
	If there is a thrifty gene, then why is not everyone obese?
	If high uric acid levels result from a thrifty gene, should not genetic polymorphisms that increase uric acid also increase the risk for obesity and diabetes?
	If a high uric acid has a role in obesity and diabetes, then should not the inhibition of uric acid production lead to a decreased frequency of these conditions?


	Conclusion
	References
	Figure 1.
	Figure 2.
	Table 1
	Table 2
	Table 3

