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Protein tyrosine phosphatase 1B (PTP1B) is postulated to modu-
late insulin action by dephosphorylating the insulin receptor
signaling proteins and attenuating insulin signaling. We sought to
determine the relationship of skeletal muscle PTP1B to whole-
body insulin sensitivity. We studied 17 African Americans with
type 2 diabetes mellitus (T2DM) and 16 without diabetes. PTP1B
gene expression and protein abundance were determined in the
biopsied skeletal muscles at the baseline of a hyperinsulinemic-
euglycemic clamp. PTP1B gene expression was significantly higher
in subjects with T2DM versus control (P , 0.0001) and remained
significantly different after adjusting for age and insulin sensitivity
(P = 0.05). PTP1B gene expression was positively related to pro-
tein abundance (rs = 0.39; P = 0.03; adjusted for age and insulin
sensitivity) and negatively related to insulin sensitivity (rs = 20.52;
P = 0.002; adjusted for age). Overexpression and interference
RNA of PTP1B were performed in primary human skeletal mus-
cle culture. PTP1B overexpression resulted in reduction of Akt
phosphorylation in the control subjects. Moreover, interference
RNA transfection downregulated PTP1B expression and en-
hanced Akt phosphorylation in subjects with T2DM. These data
show that skeletal muscle PTP1B gene expression is increased
in African American subjects with T2DM, is negatively associated
with whole-body insulin sensitivity, and contributes to modulation
of insulin signaling. Diabetes 61:1415–1422, 2012

I
nsulin resistance in skeletal muscle is a key patho-
physiologic feature of obesity and type 2 diabetes
(1–3). In insulin signaling, tyrosine phosphorylation
of the receptor is the key component in regulating

the propagation of the insulin signal throughout the cell and
activation of other biological processes (4). As such, insulin
receptor signaling is a balance between phosphorylation of
tyrosine residues by protein tyrosine kinases and dephos-
phorylation of tyrosine residues by protein tyrosine phos-
phatases (PTPases). PTPases within the cell are postulated
to oppose the effects of the protein tyrosine kinases, and
insulin sensitivity is observed clinically if the process is
normally regulated. However, an excess of PTPase activi-
ties (i.e., hyperactivation of PTPase system) may alter the
balance between the two enzymes, resulting in a relative
reduction in tyrosine phosphorylation and attenuating in-
sulin signaling on a cellular level. Thus, hyperactivation of
PTPases is postulated to contribute to the development of
insulin resistance on a whole-body level (5–7).

Protein tyrosine phosphatase 1B (PTP1B) is a specific
nonreceptor-type PTPase that has unique structural features,

which promotes its interaction with the insulin receptor and
insulin receptor substrates (8–11). PTP1B has been shown to
dephosphorylate these proteins, thus serving as a negative
regulator of insulin receptor signaling. Several studies have
postulated that elevation of PTP1B might be an etiologic
factor in the tissue insulin resistance that occurs in human
obesity and type 2 diabetes. Increased activities and abun-
dance of PTPase and PTP1B were observed in adipose tis-
sue and skeletal muscle of obese and insulin-resistant (i.e.,
no diabetes) humans (5,12,13), and rodents and humans with
diabetes (6,7,14,15). However, conflicting data have been
presented in humans with type 2 diabetes, thus suggesting
PTPase and PTP1B activities and abundance may be de-
creased in skeletal muscle and adipose tissue (12,16,17). In
addition, some studies have found that variants in the PTP1B
gene have been linked to type 2 diabetes and other meta-
bolic traits related to the metabolic syndrome, whereas
other studies have found weak or no associations (18–24).

African Americans are an underrepresented population
in most studies. However, observations suggest that they
have an increased risk of developing insulin resistance and
type 2 diabetes when compared with Caucasians (25). In
addition, after developing type 2 diabetes, they are also
more likely to develop complications from the disease and
experience greater disability from the complications than
Caucasians. Given the observation that there is a paucity
of data regarding specific cellular mechanisms for this
diabetes-susceptible group, insight into the etiology of
disease presentation would be specifically relevant and
would provide novel information. Thus, we sought to eval-
uate whether skeletal muscle PTP1B gene expression and
protein abundance were altered in an African American
population with type 2 diabetes when compared with non-
diabetic control subjects. In addition, we evaluated and
assessed the relationship of PTP1B gene expression and
relative protein abundance in skeletal muscle to whole-
body insulin sensitivity and other metabolic traits related to
the metabolic syndrome. We hypothesized that PTP1B gene
expression and protein abundance would be increased in
African American subjects with type 2 diabetes and related
to insulin sensitivity.

RESEARCH DESIGN AND METHODS

Subjects. The study cohort consisted of 33 African Americans, 17 with type 2
diabetes and 16 without diabetes. The subjects evaluated were a subset from
a larger cohort that evaluated both African Americans and Caucasians (26). To
specifically focus on the more underrepresented and diabetes-susceptible
population, we evaluated the 33 African Americans who had skeletal muscle
biopsies in addition to having complete comprehensive phenotyping analyses
(i.e., body composition and hyperinsulinemic-euglycemic clamp studies).

As previously described, if the subject had a history of type 2 diabetes, he/
she was required to be on dietary therapy only (i.e., drug naive), with a fasting
plasma glucose between 125 (6.9 mmol/L) and 175 mg/dL (9.7 mmol/L). Diabetes
status was confirmed by an oral glucose tolerance test. Exclusions were: 1)
medications known to affect glucose metabolism, including hormone replace-
ment therapy; 2) untreated thyroid or chronic liver, renal, or cardiovascular
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disease; and 3) a history of drug and/or alcohol abuse or psychiatric disease
prohibiting adherence to study protocol (26). All subjects signed a written
informed consent before participation in the study. The study protocol was
approved and conducted in strict compliance with Pennington Biomedical
Research Center’s Institutional Review Board for human subjects.
Assessment of insulin sensitivity in vivo. Whole-body insulin sensitivity
was assessed in all subjects with use of the hyperinsulinemic-euglycemic
clamps (27). After a 12-h overnight fast, insulin was administered at a primed-
continuous infusion rate of 120 mU $ m22 $ min21. Blood samples were
collected frequently during the 120-min clamp procedure. Arterialized serum
glucose was measured periodically, and a variable infusion of dextrose (20%
solution) was given to maintain serum glucose concentrations at ;100 mg/dL
(5.6 mmol/L). Whole-body insulin-mediated glucose disposal was calculated
as described (27) and divided by lean mass to assess insulin sensitivity. In
addition, a skeletal muscle biopsy from the vastus lateralis was obtained at
the baseline of the clamp.
Isolation and culture of human skeletal muscle cells. Human skeletal
muscle cells (HSMC) were isolated from vastus lateralis muscle biopsies and
grown as described previously (28). Briefly, ;50 mg of muscle tissue was
minced with surgical scissors and digested by 0.55% trypsin and 2.21 mmol/L
ethylenediaminetetraacetic acid with constant shaking at 37°C. After cen-
trifugation to remove fat and debris, myoblasts were grown in monolayer
culture in Classic Liquid Media Hams Nutrient Mixture F12 (HyClone
brands; Thermo Scientific) containing 10 mg/L human epidermal growth
factor, 10% (v/v) fetal bovine serum, 1% (v/v) antibiotics (10,000 units/mL of
penicillin G and 10 mg/mL streptomycin), and 2 mmol/L glutamine. Cells had
been differentiated with 2% horse serum for 5 to 6 days after they reached to
;85% confluence. Cells were used within five passages.
PTP1B protein abundance. Skeletal muscle tissue lysates were prepared by
dissection and homogenized in buffer A (25 mmol/L N-2-hydroxyethylpiperazine-
N�-2-ethanesulfonic acid [pH 7.4], 1% Nonidet P-40, 137 mmol/L NaCl, 1 mmol/L
phenylmethylsulfonyl fluoride, 10 mg/mL aprotinin, 1 mg/mL pepstatin, and 5
mg/mL leupeptin) using a PRO 200 homogenizer (PRO Scientific, Oxford, CT).
The samples were centrifuged at 14,000 3 g for 20 min at 4°C, and protein
content of the supernatant was determined by Bio-Rad protein assay kit (Bio-
Rad, Hercules, CA). Supernatants (50 mg) were resolved by SDS-PAGE and
subjected to immunoblotting using chemiluminescence reagent (PerkinElmer
Life Science, Boston, MA) and quantified as described (29,30). Antibodies for
PTP1B were obtained from Millipore (Billerica, MA), and b-actin from Affinity
Bioreagents (Golden, CO). Results of scanning for each gel were normalized
by b-actin, and the data were presented as mean 6 SEM of fold change in
subjects with no diabetes versus type 2 diabetes.

PTP1B vectors transfection. Primary HSMC from lean healthy subjects or
subjects with type 2 diabetes were seeded in six-well plates. For each trans-
fection sample, the PTP1B over expression vectors (pCMV6H-PTP1B vector;
a gift from Dr. Jonathan Chernoff, Fox Chase Cancer Center, Philadelphia, PA)
and PTP1B small interfering RNA (siRNA) vectors (Addgene, Cambridge, MA)
were combined with Lipofectamine 2000 (Invitrogen, Carlsbad, CA) at a ratio
of PTP1B 1:2.5 (mg/mL). They were mixed gently and incubated for 20 min at
room temperature. Five hundred microliters of transfection mixtures was
added to cultured cells. The cells were incubated at 37°C in a CO2 incubator
for 6 h and then changed to normal cell culture medium. The cultured cells
were collected for Western blot 48–72 h after transfection.
PTP1B gene expression

RNA extraction. Total RNA was extracted from skeletal muscle for real-time
quantitative PCR assays as previously described (29). Frozen tissues were placed
in a mortar in liquid nitrogen, and the tissue was pulverized into powder using
a pestle on dry ice. Total RNA was isolated from the tissue powder using TRIzol
reagent (Invitrogen). After DNase I (Invitrogen) digestion, RNA was further
purified with the RNeasy Mini Kit (Qiagen, Germantown, MD). RNA concen-
tration and quality were measured by RNA 6000 Nano LabChip kit (Agilent
Technologies, Santa Clara, CA).
Real-time quantitative PCR. The primer sequences of candidate genes were
designed using Primer Express Software version 3.0 (Applied Biosystems,
Foster, CA). The sequences of the specific primers obtained from IDT (SanDiego,
CA) were as follows: PTP1B gene expression, 59-CGACCAGCTGCGCTTCTC-39
(forward) and 59-GTCCCCCATGATGAATTTGG-39 (reverse); and RPLP0,
59-TTCTCCTTTGGGCTGGTCAT-39 (forward) and 59-CAGGGAG CGAGAATGCA
GAGT-39 (reverse). RPLP0 gene encodes the human acidic ribosomal phospho-
protein large P0 subunit and is used as a special housekeeping gene for human
skeletal muscle (31,32). A 1-mg aliquot of total RNA for each sample was reverse-
transcribed in a 100-ml reaction volume with a commercial High-Capacity cDNA
Archive Kit (Applied Biosystems PE) according to the manufacturer’s protocol.
The quantitative PCR reaction was conducted in 384-well microtiter plates on the
ABI Prism Sequence Detector 7900 (Applied Biosystems) with Bio-Rad iTaqTM
SYBR Green Supermix with ROX Kits (Bio-Rad). For each sample of each gene,
PCR amplification was performed in triplicate. The mRNA content of each gene
was determined simultaneously in paired muscle samples assessed by DNA array
analysis. The assay was performed in duplicate. Results for PTP1B gene ex-
pression were normalized by RPLP0, and the data were presented as mean 6
SEM of fold change in subjects with no diabetes versus type 2 diabetes.
Statistical analysis. Characteristics of the study subjects were summarized
by health status as counts (number of subjects) for categorical data and
means6 standard errors (mean6 SEM) for continuous data. Fisher exact test

TABLE 1
Characteristics of the study subjects

Variables

No diabetes Type 2 diabetes

P value*Men (n = 7) Women (n = 9) Men (n = 4) Women (n = 13)

Average duration of diabetes ,3 years
BMI status (,25/$25) 4/3 4/5 0/4 0/13 ,0.0001

Age (years) 30 6 3 36 6 3 58 6 2 55 6 2 ,0.0001

Body weight (kg) 86.2 6 10.1 79.5 6 6.4 100.1 6 8.2 88.6 6 3.7 0.18
BMI (kg/m2) 27.3 6 3.9 29.9 6 2.5 31.1 6 2.5 33.0 6 1.4 0.13
Body fat (%) 18.7 6 5.3 33.7 6 2.7 24.0 6 2.9 41.1 6 1.0 0.01

Fat mass (kg) 19.4 6 7.7 28.6 6 4.0 25.1 6 5.1 37.0 6 2.1 0.04
Lean mass (kg) 68.4 6 3.5 52.8 6 2.7 76.9 6 3.4 52.5 6 1.8 0.74
HbA1c (%) — — 6.5 6 0.2 6.4 6 0.2 —

Fasting laboratory values
Glucose (mg/dL) 98.1 6 3.1 93.5 6 2.9 133.3 6 10.2 118.9 6 5.9 ,0.0001

Insulin (mU/mL) 7.4 6 2.1 9.9 6 1.1 11.9 6 2.2 15.6 6 1.6 0.002

Free fatty acid (mmol/L) 0.53 6 0.09 0.56 6 0.06 0.64 6 0.09 0.58 6 0.03 0.42
Triglycerides (mg/dL) 80.1 6 16.1 71.0 6 10.1 164.8 6 33.1 134.4 6 22.0 0.003

Cholesterol (mg/dL) 166.7 6 14.9 195.0 6 11.2 187.5 6 2.1 210.0 6 11.7 0.10
LDL (mg/dL) 96.9 6 10.5 117.6 6 9.9 110.0 6 6.3 118.0 6 7.2 0.42
HDL (mg/dL) 53.8 6 4.8 63.2 6 4.6 44.5 6 2.2 65.1 6 5.4 0.84

Fasting RQ 0.84 6 0.02 0.84 6 0.01 0.81 6 0.00 0.83 6 0.01 0.19
Insulin sensitivity (mg $ kg FFM21 $ min21) 11.1 6 1.1 12.9 6 1.3 4.8 6 1.4 6.2 6 0.4 ,0.0001

Data are reported as unadjusted values and mean 6 SEM. Multipliers for conversion to International System of Units: glucose, 0.05551
(mmol/L); insulin, 7.175 (pmol/L); triglycerides, 0.01129 (mmol/L); and cholesterol, LDL, and HDL 0.02586 (mmol/L). HDL, high-density
lipoprotein; LDL, low-density lipoprotein; RQ, respiratory quotient. *No diabetes (men and women combined) versus type 2 diabetes (men
and women combined). P values in boldface are statistically significant (#0.05).
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and Student two-sample t test were employed for counts and continuous data,
respectively, to compare the subjects with no diabetes and type 2 diabetes.
Spearman rank correlation coefficients were used to measure monotonic as-
sociation between variable pairs because it is robust to the influence of out-
lying observations. Spearman partial correlation coefficients were used to
evaluate the statistical associations between PTP1B gene expression and
protein abundance and metabolic assessments while adjusting (controlling)
for concomitant variations such as those attributable to age and insulin
sensitivity. PTP1B gene expression and protein abundance differences be-
tween the groups were evaluated by ANOVA and adjusted for age and insulin
sensitivity. Statistical significance was declared for statistical tests resulting
in P # 0.05. All statistical analyses were performed using the software
package SAS Verson 9.1 (SAS Institute, Cary, NC).

RESULTS

The characteristics of the study cohort are listed in Table 1.
Subjects with type 2 diabetes were older and had a higher
fat distribution than the control subjects (P # 0.05). Also,
the subjects with type 2 diabetes had higher fasting glucose,
insulin, and triglyceride concentrations when compared
with the control subjects (P # 0.05). The observations from
the clamps demonstrated that the control subjects had sig-
nificantly higher insulin sensitivity than the subjects with
type 2 diabetes.
PTP1B gene expression. PTP1B gene expression in skel-
etal muscle was determined, and individual values of PTP1B
mRNA for the 33 study participants are shown in Fig. 1A. The
subjects with type 2 diabetes had a significantly higher av-
erage PTP1B gene expression level than the control subjects

(unadjusted values; Fig. 1B). PTP1B gene expression re-
mained higher in people with type 2 diabetes than control
subjects even after adjusting for age and insulin sensi-
tivity (control, 1.0 6 2.6 versus type 2 diabetes, 10.6 6 2.5;
P = 0.05).

PTP1B gene expression in skeletal muscle for the entire
cohort was positively and significantly (P # 0.05) related
to protein abundance, age, fasting glucose, and insulin con-
centrations and negatively correlated to insulin sensitivity.
After adjustments, PTP1B gene expression remained posi-
tively related to protein abundance (rs = 0.39; P = 0.03;
adjusted for age and insulin sensitivity; unadjusted, Fig. 2A)
and negatively related to insulin sensitivity (rs = 20.52; P =
0.002; adjusted for age; unadjusted, Fig. 2B).
PTP1B protein abundance. PTP1B protein abundance in
skeletal muscle was determined, and individual values of
PTP1B protein abundance for the 33 study participants are
shown in Fig. 3A. On average, the subjects with type 2 di-
abetes had a higher PTP1B protein abundance in skeletal
muscle than the control subjects (1.06 0.1 versus 1.46 0.2;
fold changes of control; P = 0.04). However, the difference
between the groups was not observed after adjusting for
age and insulin sensitivity (1.0 6 0.2 versus 1.1 6 0.2; P =
0.68). Fig. 3B demonstrates a representative gel for skeletal
muscle protein abundance for PTP1B as assessed in six
subjects representing health status (three without and three
with type 2 diabetes) and different phenotype as assessed
by BMI (lean and obese) without (basal) and with insulin

FIG. 1. All study participants (n = 33) and their individual PTP1B gene expression values (A) (expressed as arbitrary units). Average PTP1B gene
expression in both groups (mean 6 SEM) (B). *No diabetes (control; n = 16) versus type 2 diabetes (n = 17); P < 0.0001 (unadjusted).
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stimulation. As demonstrated, skeletal muscle PTP1B con-
tent was greater in obese subjects with type 2 diabetes than
in lean nondiabetic individuals.

PTP1B protein abundance in skeletal muscle for the
entire cohort was positively and significantly (P # 0.05)
related to PTP1B gene expression, age, and fasting glucose
concentrations (Fig. 2C). After adjusting for age and in-
sulin insensitivity, PTP1B protein abundance remained
positively correlated to PTP1B gene expression (rs = 0.39;
P = 0.03).

To confirm the role PTP1B plays in insulin signaling, we
used PTP1B overexpression vector transfection in HSMC
from a lean and healthy (i.e., no diabetes) subject. The
results showed that PTP1B abundance was greatly in-
creased and the insulin-stimulated Akt phosphorylation
was reduced when compared with the empty vector
transfected and control cell (Fig. 4A). Additionally, in
the primary HSMC from an obese subject with type 2 di-
abetes, suppression of PTP1B expression by using a PTP1B
siRNA vector transfection resulted in significantly reduced
PTP1B protein abundance. In addition, insulin-stimulated
Akt phosphorylation was increased in comparison with
nontransfected muscle cells (Fig. 4B).

DISCUSSION

To our knowledge, this is the first study to evaluate skel-
etal muscle PTP1B gene expression and abundance in an
African American population. Our data showed African
American subjects with type 2 diabetes had a statisti-
cally significant increase in skeletal muscle PTP1B gene

expression when compared with African American subjects
without type 2 diabetes. In addition, increased PTP1B gene
expression was significantly related to decreased insulin
sensitivity (i.e., insulin resistance) and an increase in PTP1B
protein abundance. These results were supported by pre-
clinical and clinical data. Ahmad and colleagues (14) found
an increase in skeletal muscle PTP1B protein abundance
and expression of mRNA in diabetes-induced rats. Likewise,
other studies with diabetes-induced rats observed an in-
crease in PTP1B protein content and activity in skeletal
muscle (6,7). In subjects with type 2 diabetes, Cheung et al.
(15) reported higher adipose tissue PTP1B protein abun-
dance when compared with lean nondiabetic subjects. Also,
obese and insulin-resistant (i.e., no diabetes) subjects had
increases in PTPase and PTP1B activities and protein
abundance in skeletal muscle and adipose tissue (5,12,13).
Based on our data and previous data, PTP1B in skeletal
muscle and adipose tissue reflect in vivo insulin sensitivity
and is increased in insulin-resistant states. Unlike the
previous studies, we accessed PTP1B gene expression
and protein abundance in the skeletal muscle of humans
with type 2 diabetes because skeletal muscle accounts
for .75% of insulin-dependent glucose uptake (33). An
interesting comparison and a future direction would be to
compare PTP1B gene and protein abundance in both skel-
etal muscle and adipose tissue from the same subjects.

In contrast to our study, previous studies (12,16,17) have
suggested that the activity and protein abundance of PTPase
and PTP1B are reduced in skeletal muscle of subjects with
type 2 diabetes. There are many possible reasons for dis-
crepancies in the data. The major differences may be the

FIG. 2. Relationship of PTP1B gene expression to PTP1B protein abundance (A) and insulin sensitivity (B). Relationship of PTP1B protein
abundance to fasting glucose (C). PTP1B gene expression and protein abundance values are expressed as arbitrary units. Unadjusted values are
presented. Black circles, no diabetes; white circles, type 2 diabetes.
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subject characteristics of the cohort evaluated. Specifically,
subjects in the current study were much earlier in the
course of their disease process [i.e., duration of the disease
on average was ,3 years versus 5 years reported in the
study by Worm et al. (17)]. In the current study, diabetic
subjects were naive to any antidiabetic medication, whereas
medication use was reported in the other studies (12,16,17).
The mean BMI differed in the current study participants
(32.5 kg/m2) when compared with the mean value reported
by Ahmad et al. (12) (51.5 kg/m2). In regards to glycemia,
the current study had a lower HbA1c (6.4%) than Worm
et al. (17) (7.7%). Also, the current study had a lower fasting
glucose (122.3 mg/dL) compared with the other studies
[141 (17), 146 (12), and 236 (16) mg/dL]. Thus, given the
natural history of type 2 diabetes and the fact that dif-
ferent comorbidities exist depending on the stage of type
2 diabetes, the difference in values reported for PTP1B may
be a reflection of the underlying comorbidities as observed
in the cohort characteristics at the stage of the disease.
Thus, our study clearly differed from the other reported
studies (12,16,17) in regards to medication use, level of
glycemia, BMI, duration of disease, and the fact that we
evaluated the PTPase system with not only protein levels,
but also specific gene expression for skeletal muscle PTP1B,
which was not observed in the other studies (12,16,17).

Our data clearly demonstrate a significant positive re-
lationship between PTP1B gene expression and protein

abundance in the entire cohort. However, the relationship
to insulin sensitivity appeared different for gene expression
and protein abundance. Also, after adjusting for age and
insulin sensitivity, gene expression remained significantly
different between the nondiabetic and diabetic subjects,
whereas the protein abundance difference disappeared be-
tween the groups. Given that it is the protein, not the mRNA,
which exerts the biological activity, our observations show-
ing no differences between groups for skeletal muscle
PTP1B protein abundance would suggest a negative study
in this regard. There are many possible reasons proposed
to explain these differences between gene expression and
protein abundance. It is possible that mRNA expression
does not always reflect changes in protein levels. Tian et al.
(34) observed differential up or down expression of mRNA
only reflected ;40% of the variation of protein level. They
concluded that the differences between mRNA and proteins
could be attributable to the underlying biological mecha-
nisms. Clearly, the specific mechanisms underlying this ob-
servation are not precisely known, but could involve many
complicated and varied posttranscriptional mechanisms
involved in turning mRNA into proteins that are not yet
sufficiently well defined to be able to compute protein con-
centrations from mRNA. Other reasons may involve different
in vivo half-lives for the proteins of interest as the result of
varied protein synthesis and degradation. In this regard, Di
Paola et al. (35) identified a 39 untranslated region of the

FIG. 3. All study participants (n = 33) and their individual PTP1B protein abundance values (A) (expressed as arbitrary units). Protein abundance
in lean (no diabetes; n = 3) and obese (type 2 diabetes; n = 3) subjects (B).
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PTP1B gene, a 1484insG variation, that was associated with
several features of insulin resistance. Specifically, they re-
ported that subjects carrying the 1484insG variant showed
PTP1B mRNA overexpression in skeletal muscle.

Although there are limited data as to what factors spe-
cifically regulate PTP1B abundance, our study demon-
strated that when PTP1B was overexpressed in primary
HSMC from a nondiabetic lean subject, insulin-stimulated
phosphorylation of the insulin- signaling protein Akt was
reduced. However, when PTP1B expression was reduced
with PTP1B siRNA vector transfection, the insulin-induced
phosphorylation of Akt was increased in primary HSMC
from a subject with type 2 diabetes. Although not evaluated
in this study, increased phosphorylation of Akt could po-
tentially restore insulin sensitivity in subjects with type 2
diabetes. Akt is a Ser/Thr kinase downstream from the in-
sulin receptor substrate in the insulin-signaling pathway
that has been implicated as an effector of insulin-stimulated
glucose metabolism (36–39). Our findings are supported by
previous studies that have observed similar effects on in-
sulin signaling proteins (i.e., Akt, insulin receptor, and in-
sulin receptor substrate) when PTP1B was overexpressed
(9,40,41) and inhibited (42–44).

In vitro and in vivo data suggest that an acquired dys-
metabolic state of an individual could potentially drive

PTP1B gene expression at the transcriptional level. For ex-
ample, elevated free fatty acids and inflammatory markers
are considered as part of the dysregulated metabolic state
of obesity and insulin resistance. The addition of a specific
free fatty acid (i.e., palmitate) along with inflammatory
markers (i.e., macrophages, tumor necrosis factor-a, and
IL-6) to cell cultures enhanced PTP1B gene expression in
skeletal muscle cells and impaired insulin signaling (45,46).
In addition, when the proinflammatory cytokine (i.e., tumor
necrosis factor-a) was administered to high fat–fed mice,
PTP1B mRNA was increased in the adipose tissue, liver,
skeletal muscle, and hypothalamic arcuate (47). However,
when the PTP1B gene was disrupted, insulin sensitivity in-
creased, blood glucose and insulin concentrations decreased,
and phosphorylation of skeletal muscle proteins in the
insulin-signaling pathway increased (43). Additional studies
are needed to determine the mechanisms for PTP1B gene
expression in the skeletal muscle.

Even though this study is the first to provide findings
regarding PTP1B gene expression and its relationship to
insulin sensitivity in an African American population, we
realize type 2 diabetes is a growing health problem that is
not only restricted to the African American community. We
studied African Americans, but the results could possibly be
applicable to Caucasians and other underrepresented mi-
nority populations that have type 2 diabetes and similar BMI
as the African Americans. Future research would need to be
conducted. Also, we recognize that our study has several
limitations. First, our study reported on the major cytosolic
PTPase (i.e., PTP1B), and other PTPases (i.e., leukocyte
common antigen-related PTPase, PTP´) were not evalu-
ated. Secondly, based on a preclinical study (47), it would
have been of interest to measure inflammatory markers to
determine if circulating levels were related to gene or
protein expression. These limitations provide guidance and
direction for future studies.

In conclusion, this study reported that PTP1B gene ex-
pression in skeletal muscle is higher in African Americans
with type 2 diabetes and negatively related to insulin sen-
sitivity. In addition, with PTP1B transfection studies, we
conclusively demonstrated that PTP1B modulates insulin
signaling in primary HSMC from this well-characterized
minority population. This study was specifically designed
to observe the expression of PTP1B in an underrepresented
population and the unknown questions about the differ-
ences in gene expression of PTPases between races and
the mechanism by which a negative regulator of cellular in-
sulin receptor signaling induces this clinical effect is the
subject of ongoing investigation.
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Federation), Montreal, Quebec, Canada, 18–22 October
2009 and at the 71st Scientific Sessions of the American
Diabetes Association, San Diego, California, 24–28 June
2011.
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