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Abstract

AIM: To confirm whether insulin regulates resistin
expression and secretion during differentiation of 3T3-L1
preadipocytes and the relationship of resistin with insulin
resistance both /n vivo and in vitro.

METHODS: Supernatant resistin was measured during
differentiation of 3T3-L1 preadipocytes. L6 rat myoblasts
and hepatoma cell line H411IE were used to confirm the
cellular function of resistin. Diet-induced obese rats
were used as an insulin resistance model to study the
relationship of resistin with insulin resistance.

RESULTS: Resistin expression and secretion were
enhanced during differentiation 3T3-L1 preadipocytes.
This cellular differentiation stimulated resistin expression
and secretion, but was suppressed by insulin. Resistin
also induced insulin resistance in H4lIE hepatocytes and
L6 myoblasts. In diet-induced obese rats, serum resistin
levels were negatively correlated with insulin sensitivity,
but not with serum insulin.

CONCLUSION: Insulin can inhibit resistin expression
and secretion /n vitro, but insulin is not a major regulator
of resistin /n vivo. Fat tissue mass affects insulin
sensitivity by altering the expression and secretion of
resistin.
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INTRODUCTION

Obesity is a wotrldwide health problem directly linked to
several disease processes such as hypertension and type 2
diabetes melitus". Adipose tissue is not only an organ for
passive energy reserve, but also an active endoctine organ

secreting a wide range of hormones and other protein
factors called adipokines!"?. Among the adipokines, resistin
is involved in insulin sensitivity and glucose tolerancel*l
while others are involved in hemostasis, inflammatory and
stress responses, and energy balance‘l.

Resistin, initially identified in screening for adipocyte-
specific transcripts down-regulated by treatment with
thiozolidinedione (TZDs), belongs to a novel family of
cysteine-rich proteins, each with a unique tissue distribution® *.
In rodents, resistin predominantly expressed in white adipose
tissue! reduces insulin sensitivity in adipocytes and skeletal
muscles by impairing insulin-mediated glucose transport and
inducing the expression of suppressor of cytokine signaling 3
(SOCS3)"™, and regulates fasting blood glucose by increasing
hepatic glucose release!'”. Thetefore, resistin might provide a
link between obesity and diabetes melitus.

Initial studies on the regulation of resistin indicate
that resistin expression is reduced by fasting and increases
rapidly on refeedingP!. Circulating resistin levels are
elevated in genetically obese (ob/ob, db/db) mice, and
obese is induced by a high-fat dietP. Insulin inhibits
resistin mRNA expression in 3T3-L1 preadipocytes!""'.
However, these data do not support a role of resistin
in insulin resistancel'l. If resistin is mainly regulated by
insulin, the major function of resistin is to induce insulin
resistance, forming an insulin-resistin-insulin sensitivity
positive feedback loop that cannot exist 7 vivo.

In the present study, resistin expression and
secretion were elevated during 3T3-differentiation of L1
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preadipocytes. This cellular differentiation-stimulated
resistin expression and secretion were suppressed by
insulin. Resistin also induced insulin resistance in H41IE
hepatocytes and 1.6 myoblasts. In diet-induced obese rats,
serum resistin levels were negatively correlated with the
insulin sensitivity index (ISI). No negative correlation was
found between the levels of fasting serum insulin and
resistin, suggesting that insulin is not the major regulator
of resistin in rodents.

MATERIALS AND METHODS

Cell culture

3T3-L1 preadipocytes were cultured at 37°C in an
atmosphere containing 50 mL/L. CO,and 950 mL/L air.
The cells were maintained in growth medium consisting
of Dulbecco’s modified Eagle’s medium (DMEM, Gibco
BRI, USA), 45 mmol/L glucose, 10% heat-inactivated
fetal bovine serum (FBS, Gibco BRL, USA), 2 mmol/L
L-glutamine, and 50 U/mL penicillin and 50 ng/mL
streptomycin (Sigma, USA). Induction of adipocytic
differentiation of 3T3-L1 cells was performed as desctribed
elsewhere™!. Briefly, 3T3-L1 cells were grown in DMEM
supplemented with 10% FBS until confluence. Two days
after complete confluence (d 0), cells were cultured in
DMEM supplemented with 10% FBS and 0.5 mmol/L
1-methyl-3-isobutylxanthine (Sigma, USA), 0.25 pmol/L
dexamethasone (Sigma, USA) and 100 nmol/L insulin
(Sigma, USA) for 48 h. From d 2 to 4, the full medium
was supplemented with 100 nmol/L insulin only. The cells
were then switched back to DMEM containing only 10%
FBS for the remaining days. Cultures were replenished
every 2 d.

The rat hepatoma cell line H4IIE was cultured at 37°C
in an atmosphere containing 50 mL/L CO, and 950 mL/L
air, and maintained in DMEM containing 1 g/L glucose
and 10% FBS. The cells were incubated in serum-free
DMEM (1 g/L glucose) overnight before assay. Glucose
levels were adjusted to 4.5 g/L and H4IIE cells were
treated with resistin (50 ng/mL) (Alexis, USA) for 2 h
ptior to insulin (100 nmol/L) stimulation for 2 h. Glycogen
synthesis was then assayed as previously described!"*.

L6 rat myoblasts were maintained in DMEM
supplemented with 10% FBS and differentiated into
myotubes by exposure to DMEM supplemented with
2% FBS. Myogenic differentiation to myotubes was
confirmed morphologically and biochemically as previously
desctibed!".

Resistin secretion

The supernatants of 3T3-L1 preadipocytes were collected
ond 0, 4, 6, and 8 after differentiation and centrifuged to
remove cells that might have detached from the culture
flasks. The supernatants were kept at -20°C until assayed
for resistin content by enzyme immunoassay (ADL, USA).

RNA preparation and amplification by RT-PCR

Total RNA was isolated from cultured 3T3-L1 cells using
the TRIZOL method (Invitrogen, USA). Single strand
cDNA synthesis was performed. In brief, the reverse
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transcription mixture contained 1 pg total RNA, 0.5 pg
of oligo d(T) primer, 4 pL. of 5 X RT buffer, 0.5 mmol/L
deoxynucleotides, 50 U of RNase inhibitor, and 200 U of
reverse transcriptase (Promega, USA) in a total volume
of 20 pL, the reaction was carried out at 42°C for 1 h
followed by heat inactivation at 95°C for 5 min. The
number of cycles and reaction temperatures used in the
PCR assay were optimized to provide a linear relationship
between the amount of input template and the amount
of PCR product. The primets used for amplification,
together with their specific optimum cycling conditions,
were as follows:

Mouse resistin (a 415 bp product): [sense primer: 5-CAA
ACAAGACTTCAACTCCC-3', antisense primer: 5-ACA
CACACCCTTCTCCACTA-3', annealing temperature (TA)
58°C, 33 cycles].

B-actin (a 240 bp product): [sense primer: 5'-TAA AGA
CCTCTATGCCAACACAGT-3', antisense primer:
5'-CAC GATGGAGGGGCCGGACTCATC-3' annealing
temperature (TA) 57°C, 25 cycles].

Glycogen detection

HA4IIE cells were serum starved overnight in DMEM
containing 0.2% FBS prior to resistin and/or insulin
treatment in all experiments. Cells were lysed with 30%
KOH and the vials were kept at 100°C for 20 min. After
addition of anhydrous ethanol, the vials were centrifuged
at 4000 X g for 15 min with the supernatants discarded.
Distilled water (0.5 mL) and 1 mL of 0.2% anthrone [0.2 g
of anthrone in 100 mL of 98% H.SO, (g/mL), prepared
freshly within 1 h] were added, and the vials were placed
into boiling water for 20 min. The optical density at 620 nm
of the solution in vials was determined by photometry.
This method could detect 1.6 pg of glucose per mL, which
is equivalent to 1.44 ng of glycogen per mL!"".

2-Deoxyglucose uptake assay

Myotubes were serum starved overnight in DMEM
containing 0.2% FBS prior to resistin and/or insulin
(10 nmol/L 15 min) treatment in all experiments. Uptake
of 2-deoxy-D-[3H] glucose (CIC, China) was assayed for
10 min as previously described!"®. Briefly, the cells were
washed with ice-cold phosphate-buffered saline, and then
200 pL. NaOH (1 mol/L) was added to each well. Aliquots
of the cell lysate were transferred to the scintillation vials
for radioactivity counting and the remainder were used for
protein assay. Non-specific uptake was determined in the
presence of cytochalasin B (10 pumol/L) and subtracted
from all values.

Animals

Forty-eight weaned male Sprague-Dawley rats, supplied by
the Animal Center of Jiangsu Province, were acclimated
to 22°C in a 12 h light/12 h dark cycle with free access to
a standard chow diet for at least a week before grouping;
High energy diet contained 10% milk powder, 10%
glucose, 10% egg, 10% oil, and 60% standard feed?.
Animals received this diet for 7 wk. Insulin sensitivity was
defined by a value of ISI {ISI = Ln [1/(fasting plasma
insulin*glucose)] }*.
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Figure 1 Increased resistin secretion (A) and insulin-inhibited resistin secretion (B)
during 3T3-L1 preadipocyte differentiation. “P < 0.05.

Statistical analysis

The data were presented as mean = SE. Statistical analysis
was undertaken using one-way ANOVA or the paired
Student’s ~test whetre appropriate. Serum resistin levels in
diet-induced obese rats were compared with the insulin
sensitivity index and levels using the Bivariate correlation.
Differences between groups were considered statistically
significant when P < 0.05.

RESULTS

Increased resistin secretion during 3T3-L1 preadipocyte
differentiation inhibited by insulin

Resistin secretion was enhanced during 3T3-1.1 preadipocyte
differentiation (P < 0.05, Figure 1A). Resistin secrtion was
about 3-fold higher in matured 3T3-L1 adipoctyes (d 8)
than in 3T3-L1 preadipocyte (d 0) (P < 0.05). The effect of
inslulin (100 nmol/L) on resistin sectetion was then assessed
in cultured 3T3-L1 adipocytes on d 6 and d 8. Six days after
induction of differentiation, 100 nmol/L insulin reduced
secretion of resistin by 13% (P < 0.05, Figure 1B). Eight
days after induction of differentiation, 100 nmol/L insulin
reduced secretion of resistin by 20% (P < 0.05, Figure 1B).

Uregulation of resistin mRNA level during 3T3-L1 preadi-
pocyte differentiation inhibited by insulin

Resistin mRNA was not detectable in undifferentiated
3T3-L1 cells, but was evident by d 4 after the induction of

A Days after differetiation

Resiestin

B-actin

B Days after differetiation

Resiestin

B-actin

Insulin

Figure 2 Up-regulation (A) and down-regulation (B) of resistin mRNA level by
Insulin during 3T3-L1 preadipocyte differentiation.

differentiation into adipocytes (Figure 2A). Resistin mRNA
was up-regulated during 3T3-L1 preadipocyte differentiation
(Figure 2A), and 100 nmol/L insulin decreased resistin
mRNA 6 and 8 d after differentiation (Figure 2B).

Induction of cellular insulin resistance by resistin

Since insulin could inhibit resistin expression and secretion
in vitro, additional studies were initiated to determine
whether resistin plays a role in insulin resistance.
Hepatocytes and myotubes are two important targets
of insulin®". Glycogen synthesis in insulin-stimulated
hepatocytes is the most important marker of hepatocyte
insulin sensitivity™. After treatment with resistin for 2 h,
basal glycogen synthesis decreased about 15% and insulin-
stimulated glycogen synthesis decreased about 25% in
HA4IIE cells (P < 0.05, Figure 3A). After treatment with
resistin for 2 h, basal 2-deoxyglucose uptake decreased
about 50% and insulin-stimulated 2-deoxyglucose
uptake decreased about 60% in myotubes (P < 0.05,
Figure 3B), suggesting that resistin could induce cellular
insulin resistance, and both hepatocytes and myotubes are
important targets of resistin.

Negative correlation of serum resistin with insulin
sensitivity but not with serum insulin

Serum resistin levels correlated with rat ISI (» = -0.602,
P = 0.005) in both control and diet-induced obese rats
(Figure 4A). Resistin was positively correlated with insulin
(r=0.592, P = 0.016, Figure 4B), suggesting that insulin
could not inhibit resistin secretion 7 vivo.

DISCUSSION

Obesity is associated with insulin resistance and type 2
diabetes, implying that adipose tissue plays a role in the
development of such disorders™!. Besides storing fat,
adipose tissue is also an active regulation centre, providing
signals to guide metabolism by secteting adipokines!?.
Resistin is a newly discovered adipokine that is believed
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starved H4IIE hepatocytes with 50 ng/mL resistin (A) and 100 nmol/L resistin (B).
®P < 0.05 vs negative control, °P < 0.05 vs positive control.

to provide a link between obesity and diabetes™!. Under
conditions of insulin resistance and type 2 diabetes, fat
tissue is subjected to increased levels of insulin, which
may have a major impact on adipokine levels®*. Studies
have verified that circulating levels of insulin are correlated
with specific adipokines in rodents and humans, with
interleukin-6 and leptin levels showing a consistently
positive association with insulin levels®**. However, the
association of resistin with insulin remains contradictory®?’.

Resistin is one of the adipocytokines secreted by
adipose tissue and has been shown to modulate both
glucose and lipid metabolism iz vivo and i vitro®. In L6
rat skeletal muscle cells, it has been shown that resistin
does not alter insulin receptor signaling but affects insulin-
stimulated glucose uptake, presumably by decreasing the
intrinsic activity of cell surface glucose transporters”*.
In mature 3T3-L1 adipocytes, resistin reduces insulin-
stimulated glucose uptake by activating SOCS3, which is an
inhibitor of insulin signaling”. In addition, it was reported
that resistin takes part in insulin resistance in resistin fat-
specific transgenic rats by releasing free fatty acids (FFA)

from adipose tissue.
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Figure 4 Correlation of serum resistin with rat insulin sensitivity index (A) and
insulin levels (B).

In the present study, resistin expression and secretion
were increased during 3T3-L1 preadipocyte differentiation
and resistin mRNA was undetectable in undifferentiated
3T3-L1 cells but was evident by d 4 after the induction
of differentiation into adipocytes. The highest expression
of resistin mRNA was detected on d 8 after induction
of differentiation. Insulin had a marked suppressive
effect on resistin mRINA levels in 3T3-L1 adipocytes and
inhibited resistin secretion 6 and 8 d after induction of
differentiation, suggesting that resistin does not play a role
in insulin resistance.

Then, we investigated whether resistin impairs insulin
sensitivity 7z vitro, showing that resistin could induce
cellular insulin resistance in hepatocytes and myotubes.
That is a paradox, because resistin is not regulated by
insulin but induces insulin resistance!"'l. If both are correct,
they will form a deadly insulin-resistin-insulin sensitivity
positive feedback loop.

To confirm which one plays the primary role 7z vivo,
we analyzed the relationship between serum resistin and



Liu F et al. Insulin and resistin interaction

99

insulin and their sensitivity in diet-induced obese rats.
Diet-induced insulin resistance is a relevant model for the
most common form of insulin resistance in humans™].
In our study, serum resistin strongly correlated with rat
insulin sensitivity and resistin was positively correlated
with insulin, suggesting that insulin could not inhibit
resistin secretion 7z vive. A number of factors can regulate
resistin secretion, such as glucose, epinephrine, and
somatropin®’l. Therefore, insulin may regulate resistin
although it is not the major regulator.

In summary, insulin inhibits resistin secretion while
resistin induces insulin resistance. Serum resistin correlates
with rat insulin sensitivity, meaning that insulin is not the
major regulator of resistin. Resistin may play a role in diet-
induced insulin resistance by inducing insulin resistance in
hepatocytes and myotubes.
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