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Abstract

PFKFB3 is a target gene of peroxisome proliferator-activated receptor gamma (PPARγ) and encodes for inducible 6-phosphofructo-2-kinase (iPFK2). As a key
regulatory enzyme that stimulates glycolysis, PFKFB3/iPFK2 links adipocyte metabolic and inflammatory responses. Additionally, PFKFB3/iPFK2 is involved in the
effect of active PPARγ on suppressing overnutrition-induced adipose tissue inflammatory response, which accounts for the insulin-sensitizing and antidiabetic
effects of PPARγ activation. Using PFKFB3/iPFK2-disrupted mice, the present study investigated the role of PFKFB3/iPFK2 in regulating overnutrition-associated
intestine inflammatory response and in mediating the effects of PPARγ activation. In wild-type mice, intestine PFKFB3/iPFK2 was increased in response to high-
fat diet (HFD) feeding compared with that in mice fed a low-fat diet. However, intestine PFKFB3/iPFK2 was decreased in PFKFB3/iPFK2-disrupted mice and did
not respond to HFD feeding. Furthermore, on an HFD, PFKFB3/iPFK2-disrupted mice displayed a significant increase in major intestine proinflammatory
indicators such as toll-like receptor 4 expression, c-Jun N-terminal kinase 1 and nuclear factor kappa B phosphorylation, and proinflammatory cytokine
expression compared with wild-type littermates. Upon treatment with rosiglitazone, an agonist of PPARγ, intestine proinflammatory indicators were markedly
decreased in wild-type mice, but to a much lesser degree in PFKFB3/iPFK2-disrupted mice. Overall, the status of HFD-induced intestine inflammatory response in
all treated mice correlated inversely with systemic insulin sensitivity, indicated by the homeostasis model assessment of insulin resistance data. Together, these
results suggest that PFKFB3/iPFK2 is critically involved in the effect of PPARγ activation on suppressing diet-induced intestine inflammatory response.
© 2013 Elsevier Inc. All rights reserved.
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1. Introduction

Chronic low-grade inflammation in adipose tissue is a feature of
overnutrition and critically contributes to the pathogenesis of insulin
resistance and awide variety of metabolic diseases [1–4]. On the other
hand, suppressing adipose tissue inflammatory response by active
peroxisome proliferator-activated receptor gamma (PPARγ), a nucle-
ar receptor whose activation accounts for the insulin-sensitizing and
antidiabetic effects of thiazolidinediones (TZDs) [5–12], is considered
as one of the two adipose tissue-based mechanisms that underlie the
beneficial effects of PPARγ activation [10,13]. However, the regulation
of overnutrition-associated inflammatory response in intestine,
where nutrients interact with host cells at a stage earlier than with
adipocytes, is poorly understood. Additionally, the mechanisms
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underlying PPARγ suppression of intestine inflammation in relation
to systemic insulin sensitivity remain to be elucidated.

Intestine is an organ for digestion, absorption and assimilation of
nutrients. Physiologically, nutrients absorbed by intestine, along with
a number of nutritional and hormonal signals, are delivered to both
central and peripheral tissues in response to feeding. This leads to
appropriate regulation of nutrient metabolism in key metabolic
tissues such as liver, adipose tissue and skeletal muscle to maintain
systemic metabolic homeostasis and insulin sensitivity [14,15].
Pathologically, nutrient overload disturbs glucose and lipid metab-
olism and triggers the inflammatory response in intestine. For
example, feeding a high-fat diet (HFD) to mice activates nuclear
factor kappa B (NF-κB) activity in intestine cells including epithelial
cells, immune cells and endothelial cells of small intestine [16],
which appears to contribute to HFD-induced insulin resistance and
adiposity. Intestine also hosts microbes, whose composition, when
altered by overnutrition, contributes to increased intestine inflam-
matory response and the development of systemic insulin resistance
[16–19]. At this point, little is known about how glucose and lipid
metabolism is orchestrated to regulate intestine inflammatory
response. In terms of managing intestine inflammatory response,
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adequate expression of PPARγ in epithelial cells appears to be
required for prevention of inflammatory bowel disease [20,21].
Given this, addressing the link between intestine nutrient metabo-
lism and the anti-intestine-inflammatory effect of active PPARγ is of
particular importance to a better understanding of the pathophys-
iology of overnutrition-associated insulin resistance and inflamma-
tory intestine diseases.

PFKFB3 is the gene that encodes for the inducible 6-phospho-
fructo-2-kinase (iPFK2). Additionally, PFKFB3 is a target gene of
PPARγ [22] and is stimulated by TZDs [23]. At the cellular level, iPFK2
generates fructose-2,6-bisphosphate, which is the most powerful
activator of 6-phosphofructo-1-kinase to enhance glycolysis [24,25].
Using PFKFB3/iPFK2-disrupted (PFKFB3+/−) mice, it has been
previously shown that PFKFB3/iPFK2 protects against diet-induced
insulin resistance and adipose tissue inflammatory response [26].
Additionally, PFKFB3/iPFK2 is involved in the antidiabetic effect of
PPARγ activation, at least, by suppressing excessive fatty acid
oxidation-related reactive oxygen species (ROS) production and
inflammatory responses in adipose tissue/adipocytes. In the present
study, the effect of PFKFB3/iPFK2 disruption on HFD-induced
intestine inflammatory response was determined, and the involve-
ment of PFKFB3/iPFK2 in the effect of PPARγ activation on suppres-
sing HFD-induced intestine inflammatory response was addressed.

2. Methods and materials

2.1. Animal experiments

All mice were maintained on a 12:12-h light–dark cycle (lights on at 06:00). For
PFKFB3/iPFK2 distribution study, male wild-type C57BL/6J mice were fed ad libitum.
At 12–14 weeks of age, mice were euthanized for collection of tissue samples. To
examine dietary effects on intestine PFKFB3/iPFK2 expression and the inflammatory
response, male wild-type C57BL/6J mice, at 5–6 weeks of age, were fed an HFD (60%
fat calories, 20% protein calories and 20 carbohydrate calories) or a low-fat diet (LFD)
(10% fat calories, 20% protein calories and 70 carbohydrate calories) for 12 weeks.
Both diets are products of Research Diets, Inc. (New Brunswick, NJ, USA). Details of
diet composition are provided in Table 1. To determine the role of PFKFB3/iPFK2 in
regulating intestine inflammatory response, PFKFB3/iPFK2-disrupted mice were
included. Homozygous disruption of PFKFB3/iPFK2 is embryonically lethal [27].
Thus, PFKFB3+/− mice, generated as previously described [27], were used in the
present study. Given that rosiglitazone lowers the levels of plasma glucose and
improves insulin sensitivity only in diabetic mice, male PFKFB3+/− and wild-type
littermates (C57BL/6J background), at 5–6 weeks of age, were fed an HFD for 12 weeks
[26]. During the last 4 weeks of the feeding regimen, HFD-fed mice were treated with
rosiglitazone [10 mg/kg/day in phosphate-buffered saline (PBS); Avandia tablets] or
vehicle (PBS) via oral gavages as previously described [28]. Before and during
rosiglitazone or PBS treatment regimen, fecal samples of the treated mice were
collected and used for microbiota analysis. At the end of the feeding/treatment
regimen, all mice were fasted for 4 h before collection of blood and tissue samples
[29–31]. Frozen intestine samples were subjected to further analyses. All study
protocols were approved by the Institutional Animal Care and Use Committees of
Texas A&M University.

2.2. Determination of PFKFB3 mRNA and iPFK2 amount

Intestine PFKFB3 mRNA and iPFK2 amount were determined using real-time
reverse transcriptase polymerase chain reaction (RT-PCR) and Western blot analyses,
respectively, as described below.
Table 1
Composition of diets

LFD HFD

g% kcal% g% kcal%

Casein 18.96 19.72 25.84 19.72
L-Cystine 0.28 0.30 0.39 0.30
Corn starch 29.86 31.06 0.00 0.00
Maltodextrin 3.32 3.45 16.15 12.32
Sucrose 33.17 34.51 8.89 6.78
Cellulose 4.74 0.00 6.46 0.00
Soybean oil 2.37 5.55 3.23 5.55
Lard 1.90 4.44 31.66 54.35
2.3. RNA isolation, reverse transcription and real-time PCR

The total RNA was isolated from frozen intestine (jejunum and ileum) samples.
RNA isolation and real-time RT-PCR were performed as previously described [31]. The
mRNA levels were analyzed for toll-like receptor 4 (TLR4), tumor necrosis factor alpha
(TNFα) and interleukin 6 (IL-6).

2.4. Western blot

Lysates were prepared from frozen intestine (jejunum and ileum) samples.
Western blots were conducted as previously described [30,31]. The levels of iPFK2, c-
Jun N-terminal kinase (JNK), phospho-JNK (Thr183), NF-κB p65 and phospho-p65
(Ser468) were analyzed.

2.5. Measurement of microbiota composition

Before and during treatmentwith rosiglitazone or PBS, fecal samples of HFD-fedmice
were collected, pooled and homogenized. Total genomic DNA was isolated and subjected
to real-time PCR using primers specific to Bifidobacterium [32] and Lactobacillus [33].

2.6. Evaluation of systemic insulin sensitivity

Plasma levels of glucose and insulin were measured as previously described [26]
and used to calculate homeostasis model assessment of insulin resistance (HOMA-IR),
an indicator of systemic insulin resistance, using the following equation: HOMA-
IR=basal glucose (mmol/L)×basal insulin (mU/L)/22.5.

2.7. Statistical methods

Numeric data are presented asmeans±standard error (S.E.). Statistical significance
was assessed by unpaired, two-tailed analysis of variance or Student's t test.
Differences were considered significant at the two-tailed Pb.05.

3. Results

3.1. PFKFB3/iPFK2 is expressed at high abundance in intestine

The amount of iPFK2 was determined in various tissues in wild-
type mice. Among the key tissues that are involved in the regulation
of systemic insulin sensitivity and metabolic homeostasis, iPFK2 was
at high abundance in intestine and white adipose tissue but at very
low abundance in the liver, skeletal muscle and brown adipose
tissue (Fig. 1).

3.2. HFD feeding stimulates intestine PFKFB3/iPFK2 expression and
induces intestine inflammatory response

HFD feeding induces inflammation in intestine [16]. To address
dietary responses of intestine PFKFB3/iPFK2 expression in relation to
inflammatory responses in intestine, the amount of intestine iPFK2 in
LFD- and/or HFD-fed wild-type C57BL/6J mice was examined.
Compared with LFD-fed mice, HFD-fed mice displayed an increase
in intestine iPFK2 amount (Fig. 2A). This increase in intestine PFKFB3/
iPFK2 expression appears to be a defensive response, given a critical
role for PFKFB3/iPFK2 in protecting against diet-induced intestine
iPFK2
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Fig. 1. PFKFB3/iPFK2 expression in key metabolic tissues. Male wild-type C57BL/6J mice
were fed ad libitum. At 12–14 weeks of age, mice were euthanized for collection of
tissue samples. Tissue lysates were prepared to determine the amount of iPFK2 using
Western blot analyses. BAT, brown adipose tissue; Epi-WAT, epididymal white adipose
tissue; PN, perinephric; Mes, mesenteric.
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Fig. 2. Effects of HFD feeding on intestine PFKFB3/iPFK2 and inflammatory responses.
Male wild-type C57BL/6J mice, at 5–6 weeks of age, were fed an LFD or HFD for 12
weeks. For panels (A) and (B), intestine lysates were subjected to Western blot
analyses. (A) Intestine amount of iPFK2. (B) Intestine amount of JNK and phospho-JNK.
(C) The total RNA of intestine was prepared to determine the expression of
proinflammatory cytokines using real-time RT-PCR. Data are means±S.E., n=4.
*Pb.05 HFD vs. LFD for the same gene.
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inflammatory response (see below in Fig. 4). Next, intestine
inflammatory response was examined. Compared with controls,
the phosphorylation of JNK1 in intestine of HFD-fed mice was
increased (Fig. 2B), although the phosphorylation of NF-κB was
undetectable in mice on either an HFD or LFD (data not shown).
Additionally, in HFD-fed mice, intestine mRNA levels of TNFα and IL-
6 were significantly higher than their respective levels in controls
(Fig. 2C). These results demonstrate an increase in intestine
inflammatory response in HFD-fed mice.
3.3. PFKFB3/iPFK2 disruption blunts dietary response of intestine iPFK2

The response of intestine PFKFB3/iPFK2 to HFD feeding was
examined in PFKFB3+/− mice. Heterozygous PFKFB3 disruption was
confirmed using PCR analyses of genomic DNA (Fig. 3A). On an LFD,
intestine iPFK2 amount in PFKFB3+/− mice was lower than in wild-
type littermates (C57BL/6J background) (Fig. 3B), further demon-
strating PFKFB3/iPFK2 disruption. Upon feeding an HFD, PFKFB3+/−

mice did not exhibit an increase in intestine iPFK2 amount as did
wild-type mice. Thus, intact PFKFB3/iPFK2 appears to be required
for a defensive increase in intestine PFKFB3/iPFK2 in response to
HFD feeding.
iPFK2
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Fig. 3. Effects of PFKFB3/iPFK2 disruption on dietary response of intestine iPFK2. (A)
Validation of heterozygous PFKFB3/iPFK2 disruption. Genomic DNA of PFKFB3+/−mice
and wild-type littermates was subjected to PCR analyses using an exon 2-specific
primer with an exon 3-specific primer (WT) or a neomycin-specific primer (Neo). (B)
Male PFKFB3+/− mice and wild-type littermates, at 5–6 weeks of age, were fed an LFD
or HFD for 12 weeks. Intestine lysates were prepared to determine the amount of iPFK2
using Western blot analyses.
3.4. PFKFB3/iPFK2 disruption exacerbates HFD-induced intestine
inflammatory response and partially blunts the effects of
PPARγ activation

The effect of PFKFB3/iPFK2 disruption on diet-induced intestine
inflammatory response was examined. Compared with HFD-fed wild-
type littermates, HFD-fed PFKFB3+/− mice exhibited an increase in
the mRNA levels of intestine TLR4 (Fig. 4A), a receptor whose
activation leads to increased proinflammatory responses. In addition,
the phosphorylation of JNK1 and NF-κB p65, two key signaling
pathways that mediate proinflammatory responses, in intestine of
HFD-fed PFKFB3+/− mice was much greater than that in controls
(Fig. 4B). Consistent with increased signaling through proinflamma-
tory pathways, themRNA levels of intestine TNFα and IL-6 in HFD-fed
PFKFB3+/− mice were higher than their respective levels in controls
(Fig. 4C). These results, in combination, suggest a protective role for
PFKFB3/iPFK2 in diet-induced intestine inflammatory response.

PPARγ has a protective role in intestine inflammation [20,21]. The
effects of PPARγ activation on diet-induced intestine inflammatory
response were examined. Upon treatment with rosiglitazone, the
mRNA levels of TLR4 (Fig. 4A), the phosphorylation of JNK1 (Fig. 4B),
and the mRNA levels of TNFα and IL-6 (Fig. 4C) were decreased in
intestine of HFD-fed wild-type littermates and, to a much lesser
degree, in intestine of HFD-fed PFKFB3+/− mice. Additionally,
intestine NF-κB p65 phosphorylation remained high in HFD-fed
PFKFB3+/− mice compared with that in HFD-fed wild-type litter-
mates after treatment with rosiglitazone (Fig. 4B). Together, these
results suggest that PFKFB3/iPFK2 disruption partially blunts the
effect of PPARγ activation on suppressing HFD-induced intestine
inflammatory response.

3.5. PFKFB3/iPFK2 disruption decreases intestine proliferation of
lactobacilli in HFD-fed mice in response to PBS and/or
rosiglitazone treatment

Intestine microbiotas not only control the inflammatory response
in intestine but also critically regulate systemic insulin sensitivity
[17–19]. The composition of Lactobacillus and Bifidobacterium in fecal
samples of HFD-fed mice was analyzed and used to reflect changes in
intestine proliferation of Lactobacillus and Bifidobacterium. Compared
with controls, the proliferation of Lactobacillus in HFD-fed PFKFB3+/−

mice was decreased upon treatment with either rosiglitazone or PBS
(Fig. 5A). However, the proliferation of Bifidobacterium did not show
significant differences among all four groups of mice (Fig. 5B). These
results suggest that oral dosing decreases intestine Lactobacillus
proliferation when PFKFB3/iPFK2 is disrupted. In other words,
treatment with rosiglitazone has a limited role in altering intestine
proliferation of Lactobacillus and Bifidobacterium in HFD-fed mice.

3.6. PFKFB3/iPFK2 disruption blunts the insulin-sensitizing effect of
PPARγ activation

Feeding an HFD to mice induces intestine inflammatory response,
which contributes to the development of systemic insulin resistance
[34]. Upon treatment with rosiglitazone, HFD-fed wild-type mice
displayed a marked decrease in HOMA-IR (Fig. 6), an indicator of
insulin resistance. Significantly, the decrease in HOMA-IR in HFD-fed
and rosiglitazone-treated wild-type mice was accompanied by
decreased intestine inflammatory response as described above
(Fig. 4). In contrast, treatment with rosiglitazone only caused an
insignificant decrease in HOMA-IR in HFD-fed PFKFB3+/− mice
(Fig. 6), which was accompanied by increased intestine inflammatory
response. The latter was at a much greater degree than that in HFD-
fed and rosiglitazone-treated wild-type mice. These results, in
combination, indicate a positive correlation between systemic insulin
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Fig. 4. Involvement of PFKFB3/iPFK2 in the effect of PPARγ activation on diet-induced intestine inflammatory response. Male PFKFB3+/−mice and wild-type littermates, at 5–6 weeks
of age, were fed an HFD for 12 weeks and treated with rosiglitazone (Rosi, 10 mg/kg/day in PBS) or vehicle (PBS) orally for the last 4 weeks of the feeding regimen. (A) Intestine mRNA
levels of TLR4 were quantified using real-time RT-PCR. (B) Intestine inflammatory signaling. Intestine lysates were prepared to determine the amount and phosphorylation states of
JNK and NF-κB p65 usingWestern blot analyses. (C) Intestine mRNA levels of TNFα and IL-6 were quantified using real-time RT-PCR. Left panel, representative PCR products; and right
two panels, relative intestine mRNA levels. For panels (A) and (C), numeric data are means±S.E.; n=4–6. *Pb.05 and **Pb.01, rosiglitazone vs. vehicle for the same genotype; †Pb.05
and ††Pb.01, PFKFB3+/− vs. wild type for the same treatment (rosiglitazone or vehicle).
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resistance and intestine inflammatory response, which is regulated
by PFKFB3/iPFK2.

4. Discussion

The mechanisms by which overnutrition induces intestine
inflammation in relation to systemic insulin resistance and the
actions of PPARγ activation remain to be elucidated. The present
study provides evidence to support a critical role for PFKFB3/iPFK2, a
regulator that links glucose and fatty acid metabolism and inflam-
matory responses, in protecting against diet-induced intestine
inflammatory response. Notably, major intestine inflammatory bio-
markers, including the mRNA levels of TLR4, TNFα and IL-6, as well as
the phosphorylation of JNK1 and NF-κB p65, in PFKFB3/iPFK2-
disrupted mice were higher than their respective levels in wild-type
controls under the condition of overnutrition, i.e., HFD feeding. In
addition, PFKFB3/iPFK2 appears to be needed for PPARγ activation to
fully suppress diet-induced intestine inflammatory response.

It has been previously shown that PFKFB3/iPFK2 disruption
exacerbates diet-induced adipose tissue inflammatory response
[26,28]. At the cellular level, PFKFB3/iPFK2 disruption-associated
increase in fatty acid oxidation leads to increased production of ROS
and oxidative stress, thereby triggering adipocyte inflammatory
response. This mechanism may also exist in intestine, given that
PFKFB3/iPFK2 is abundantly expressed in intestine. In the present
study, intestine iPFK2 amount in PFKFB3/iPFK2-disrupted mice was
lower than that in wild-typemice and did not respond to HFD feeding
as did intestine iPFK2 in wild-type mice in a defensive way.
Furthermore, intestine iPFK2 amount negatively correlated with the
degree of intestine inflammatory response. Because of this, it appears
to be clear that intact PFKFB3/iPFK2 is required for full protection of
overnutrition-induced intestine inflammatory responses. At this
point, however, the extent to which the PFKFB3/iPFK2 in intestine
cells, in particular the PFKFB3/iPFK2 in intestinal epithelial cells,
protects against diet-induced intestine inflammatory response is
unknown. What should also be noted is that adipose tissue
inflammatory response is elevated in PFKFB3/iPFK2-disrupted mice
[26]. Of importance, the status of adipose tissue inflammatory
response determines the outcome of inflammatory responses in
distal tissues including the liver [35]. As such, a possible contribution
of elevated adipose tissue inflammation to an increase in diet-induced
intestine inflammatory response in PFKFB3/iPFK2-disrupted mice
cannot be ruled out. Considering this, there may exist a vicious cycle
for inflammatory responses between adipose tissue and intestine,
regardless of how an initiator triggers inflammatory responses.

The essential role for PFKFB3/iPFK2 in protecting against diet-
induced intestine inflammatory response is further supported by the
involvement of PFKFB3/iPFK2 in the anti-inflammatory effect of
PPARγ activation. As a target gene of PPARγ, PFKFB3/iPFK2 is
stimulated by TZDs [22,23,28]. Of significance, intact PFKFB3/iPFK2
is needed for actions of active PPARγ on channeling fatty acids to
triglyceride synthesis to reduce excessive fatty acid oxidation-
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associated production of ROS, thereby suppressing inflammatory
signaling through the JNK1 and NF-κB pathways and decreasing
proinflammatory cytokine expression in adipocytes/adipose tissue. In
the present study, in addition to causing an increase inmajor intestine
proinflammatory indicators, PFKFB3/iPFK2 disruption also partially
blunted the effect of rosiglitazone on suppressing diet-induced
intestine inflammatory response. These changes in intestine inflam-
matory response were nearly identical to those observed in adipose
tissue in PFKFB3/iPFK2-disrupted mice upon treatment with rosigli-
tazone [28]. Because of this, it is conceivable that intact PFKFB3/iPFK2
is needed for PPARγ activation to suppress overnutrition-induced
intestine inflammatory response. On the other hand, although PPARγ
activation brought about an anti-inflammatory effect in intestine in a
manner consistent with that reported previously [20,21], suppressing
diet-induced adipose tissue inflammatory response may be a
prerequisite for PPARγ activation to suppress diet-induced intestine
inflammatory response, given the primary role played by adipose
tissue in the actions of PPARγ activation. Indeed, failure of
rosiglitazone in fully suppressing diet-induced intestine inflammato-
ry response reported herein was accompanied by defects in actions of
rosiglitazone on reserving adipose tissue inflammatory response in
PFKFB3/iPFK2-disrupted mice [28].

Suppressing inflammatory responses by active PPARγ underlies
the insulin-sensitizing and antidiabetic effects of TZDs [10,13,28]. In
the present study, the degree of intestine inflammatory response in
rosiglitazone- and/or control-treated PFKFB3/iPFK2-disrupted mice
and wild-type mice positively correlated with insulin resistance,
indicated by HOMA-IR results. This observation argues in favor of the
notion that PFKFB3/iPFK2 protection of diet-induced intestine
inflammatory response is of importance to systemic insulin sensitiv-
ity and glucose homeostasis, as well as insulin sensitization brought
about by PPARγ activation. As discussed before, there may exist a
vicious cycle for inflammatory responses between adipose tissue and
intestine during overnutrition. Considering this, intact PFKFB3/iPFK2
likely enables PPARγ activation to suppress inflammatory responses
in both adipose tissue and intestine to achieve a systemic insulin-
sensitizing effect. In other words, intact PFKFB3/iPFK2 enables PPARγ
activation to suppress intestine inflammatory response to contribute
to systemic insulin sensitization by working with or without PPARγ
suppression of adipose tissue inflammatory response in a manner
involving PFKFB3/iPFK2 [28].

In intestine, microbiota not only control energy absorption but
also critically regulate inflammatory responses of intestine cells
[17,18]. New evidence further demonstrates that interactions be-
tween HFD and microbiota promote inflammation in small intestine,
which precedes and correlates with obesity and insulin resistance
[16]. In the present study, HFD-fed PFKFB3/iPFK2-disrupted mice
showed a decrease in the proliferation of intestine Lactobacillus in
response to treatment of either rosiglitazone or PBS compared with
HFD-fed wild-type mice. These results, on the one hand, suggest that
PFKFB3/iPFK2 disruption creates an intestinal environment that
allows oral dosing to alter intestine microbiota composition. On the
other hand, treatment with rosiglitazone has a limited role in altering
the proliferation of intestine Lactobacillus. Although it is unknown
whether or not decreased proliferation of Lactobacillus contributes to
an increase in intestine inflammatory response in PFKFB3/iPFK2-
disrupted mice, a potential role for PFKFB3/iPFK2 in modulating the
interactions between microbiotas and intestine cells could serve as
additional mechanism(s) by which PFKFB3/iPFK2 regulates intestine
inflammatory response. This point is worthy of further investigation.

In summary, the present study demonstrates a novel role for
PFKFB3/iPFK2 in regulating intestine inflammatory response and
provides data to support the involvement of PFKFB3/iPFK2 in the
effect of PPARγ activation on suppressing diet-induced intestine
inflammatory response. Furthermore, PFKB3/iPFK2 protection of
intestine inflammatory response correlates well with systemic insulin
sensitivity. Because of this, activation of intestinal PFKFB3/iPFK2 may
be an approach to reversing overnutrition-associated intestine
inflammatory response and to improving systemic insulin sensitivity.
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