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Abstract

Conjugated linoleic acid (CLA) isomers, a group of positional and geometric isomers of linoleic acid
[18:2(n-6)], have been studied extensively due to their ability to modulate cancer, atherosclerosis,
obesity, immune function and diabetes in a variety of experimental models. The purpose of this
review was to examine CLA’s isomer-specific regulation of adiposity and insulin sensitivity in
humans and in cultures of human adipocytes. It has been clearly demonstrated that specific CLA
isomers or a crude mixture of CLA isomers prevent the development of obesity in certain rodent and
pig models. This has been attributed mainly to trans-10, cis-12 CLA, both in vivo and in vitro.
However, CLA’s ability to modulate human obesity remains controversial because data from clinical
trials using mixed isomers are conflicting. In support of some studies in humans, our group
demonstrated that trans-10, cis-12 CLA prevents triglyceride (TG) accumulation in primary cultures
of differentiating human preadipocytes. In contrast, cis-9, trans-11 CLA increases TG content. Closer
examination has revealed that CLA’s antiadipogenic actions are due, at least in part, to regulation of
glucose and fatty acid uptake and metabolism. This review presents our current understanding of
potential isomer-specific mechanisms by which CLA reduces human adiposity and insulin
sensitivity.
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Therapeutic effects of CLA

In 1987, Michael Pariza’s group made the seminal observation that conjugated linoleic acid
(CLA),4 isolated from grilled beef or from a base-catalyzed isomerization of linoleic acid,
inhibited chemically induced skin neoplasia in mice (1). In addition to their anticarcinogenic
properties [reviewed in (2)], CLA isomers have been shown to modulate immune function
[reviewed in (3)], as well as markers of atherosclerosis [reviewed in (4)], diabetes [reviewed
in (5)], and obesity risk [reviewed in (6)]. The purpose of this review was to examine CLA’S
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ability to modulate human adiposity and insulin sensitivity, leading to our current hypothesis
on how this isomer-specific phenomenon occurs.

Human studies with CLA

There is compelling evidence that feeding mixed isomers of CLA attenuates obesity in several
animal models (6). However, replicating these findings in humans has been inconsistent, and
the data are conflicting. For example, several studies demonstrated that consuming 3-3.4 g/d
of mixed CLA isomers for 6 mo had no effect on body fat, body weight, fat-free mass, the
percentage of body fat or blood lipids in healthy adults (7-9). In contrast, 7-13 wk of
supplementation of mixed CLA isomers (1.4-6.8 g/d) reduced fat mass or the percentage of
body fat in exercising adults (10), healthy adults (11), obese/overweight adults (12) and middle-
aged adults (13). This discrepancy is likely due to isomer-specific mechanisms, with the
trans-10, cis-12 isomer responsible for most of the antiadipogenic effects. In addition, the level
of CLA given in these studies was approximately five times lower than levels given to animals,
when expressed per unit of body weight.

More recently, a clinical trial demonstrated that obese subjects with syndrome X-like
symptoms administered 3.4 g/d of the trans-10, cis-12 isomer of CLA for 12 wk weighed less,
had smaller girths and had lower BMI than their own baseline measurements (14). In contrast,
the weight, girth and BMI of subjects administered 3.4 g/d of a crude mixture of cis-9,
trans-11 and trans-10, cis-12 CLA for 12 wk did not differ from baseline. Intriguingly, that
study (14) found that obese subjects supplemented with trans-10, cis-12 CLA developed
insulin resistance compared with those administered mixed CLA isomers or placebo. This
finding is in agreement with several studies in mice, demonstrating that dietary CLA induces
hyperinsulinemia (15), insulin resistance (16) and lipodystrophy (15,16). In contrast to these
findings, there is evidence that mixed CLA isomers may reverse insulin resistant states in
rodents (17,18) and may be associated with favorable alterations of several metabolic variables
of human subjects with type 1l diabetes (5). These paradoxical findings may arise from the
differential effects of cis-9, trans-11 and trans-10, cis-12 CLA, different ratios of the two
isomers, the different levels of CLA used or the species and metabolic status of the experimental
model. Collectively, evidence in humans is still inconclusive regarding the ability of the
different CLA isomers to influence body composition and insulin sensitivity. Future isomer-
specific clinical trials in normal weight, overweight and obese participants should provide
much needed insight into this discrepancy.

Evidence of CLA’s isomer-specific regulation of metabolism in human
adipocytes

In 1997, Pariza’s group first demonstrated the ability of a crude mixture of CLA isomers to
regulate body composition in mice (19), an effect that has been extremely reproducible in most
animal models tested (6). In humans, however, CLA’s ability to modulate adiposity has not
been demonstrated consistently. Therefore, our group set out to determine which CLA isomers
decreased the triglyceride (TG) content and modulated the differentiation program of human
adipocytes using a primary human preadipocyte model system.

Human preadipocyte model

Primary cultures of (pre)adipocytes isolated from human adipose tissue more closely resemble
in situ conditions in human adipose tissue than cultures from other species or from cell lines.
These cultures also contain myoblasts, chondroblast and epithelial cells, as occurs normally in
intact adipose tissue. In contrast, cell lines may exhibit significant alterations in their biological
and physiologic properties that may not be operative in body tissue. Some alterations among
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cells lines include immortalization, altered cell morphology, aneuploidy, loss of contact
inhibition, dedifferentiation and genetic drift. Therefore, properties of primary cells isolated
from human adipose tissue make them a relatively good model for examining how CLA
influences the growth, differentiation and metabolism of human adipose tissue. Furthermore,
human adipocytes have the capacity to synthesize fatty acids de novo, albeit ~80% lower than
the capacity of rodent adipocytes under similar conditions (20). In support of this concept, we
recently determined that a portion of the newly synthesized intracellular lipid pool in primary
cultures of human adipocytes is derived from glucose (21). However, preformed fatty acids
were taken up and utilized for energy production and storage to a much greater extent than was
glucose (22).

Trans-10, cis-12 CLA decreases TG content

We found that chronic supplementation with 3-30 umol/L trans-10, cis-12 CLA prevented the
accumulation of TG in primary cultures of differentiating preadipocytes isolated from human
abdominal adipose tissue compared with vehicle controls (21). In contrast, cis-9, trans-11 CLA
consistently increased TG accumulation compared with vehicle controls. Interestingly, the
effective dose of CLA (3-30 umol/L) for lowering TG levels in human preadipocytes (21,
22) was lower than levels (50-100 pmol/L) used in murine 3T3-L1 preadipocytes (6,23). In
addition, chronic supplementation up to 100 umol/L CLA does not induce apoptosis, nor does
it alter cellular protein or total nucleic acid levels in human adipocytes (unpublished
observations). In contrast, CLA induces apoptosis in adipose tissue of mice (16), in mammary
epithelium (24) and colonic mucosa (25) of rats, in murine 3T3-L1 preadipocytes (23) and in
primary cultures of rat mammary cells (26).

Trans-10, cis-12 CLA decreases insulin-stimulated glucose uptake and

utilization

We wanted to determine whether CLA decreased TG accumulation by influencing glucose
utilization. Initially, we demonstrated that trans-10, cis-12 CLA inhibited de novo fatty acid
synthesis, thereby limiting TG synthesis (21). Next, we found that chronic treatment of
differentiating cultures of human preadipocytes with 3-30 umol/L trans-10, cis-12 dose
dependently decreased insulin-stimulated glucose uptake, oxidation and incorporation into
cellular lipid (22). In contrast, the cis-9, trans-11 isomer of CLA had little effect on glucose
uptake and utilization. Furthermore, chronic treatment with 30 umol/L trans-10, cis-12 CLA,
but not cis-9, trans-11 CLA, decreased the expression of the insulin-stimulated glucose
transporter 4 (GLUTA4) and acetyl-CoA carboxylase (ACC), the rate-determining enzyme in
de novo fatty acid synthesis (22). Collectively, supplementation with trans-10, cis-12, but not
cis-9, trans-11, CLA induced an insulin-resistant state in cultures of differentiating human
adipocytes, thereby reducing the influx of glucose and subsequent de novo synthesis of fatty
acids and glycerol for esterification into TG.

Trans-10, cis-12 CLA decreases fatty acid uptake and utilization

Although trans-10, cis-12 CLA dramatically reduced insulin-stimulated glucose uptake and
GLUT4 gene expression, this is not likely the primary TG-lowering mechanism, because de
novo fatty acid synthesis is not as robust in preadipocytes isolated from humans compared with
preadipocytes from other mammals (20). In agreement with CLA’s isomer-specific regulation
of TG accumulation, chronic supplementation with 30 umol/L trans-10, cis-12 CLA
suppressed 14C-oleic acid uptake and esterification into cellular lipid compared with control
cultures (22). Similarly, the expression of genes associated with TG storage (i.e., perilipin) and
fatty acid transport (i.e., adipocyte fatty acid binding protein, aP2; acyl-CoA-binding protein,
ACBP) were dramatically decreased by trans-10, cis-12 CLA. Surprisingly, trans-10, cis-12
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CLA decreased 14C-oleic acid oxidation, suggesting that the reduction in cellular TG is not
due to increased B-oxidation. In contrast, the cis-9, trans-11 isomer did not greatly alter fatty
acid uptake or metabolism, or gene expression compared with a vehicle control. Collectively,
these data demonstrate that the trans-10, cis-12 CLA isomer specifically decreases fatty acid
uptake and utilization of exogenously derived fatty acids, thereby limiting substrate for TG
synthesis.

CLA-mediated insulin resistance and lipodystrophy

Although these data seem promising for CLA’s role as an anti-obesity nutrient, it is important
to remember lessons learned from other models of diminished adipose TG stores (27-29).
Under conditions in which adipose tissue is ablated or incapable of storing fatty acids, the
nonesterified fatty acids remain elevated in the plasma and are deposited into peripheral tissues
such as liver and muscle. This condition, known as lipodys-trophy, is highly correlated with
insulin resistant states in the liver and muscle (27-29). In fact, by inhibiting glucose and fatty
acid uptake into the adipocyte, trans-10, cis-12 CLA may have dramatic implications in vivo,
by promoting whole-body insulin resistance, leading to hyperglycemia and hyperlipidemia. In
support of this concept, several animal studies (15,16) and one clinical trial (14) clearly
demonstrated that dietary CLA, particularly trans-10, cis-12 CLA, can induce lipoatrophic
diabetes.

CLA’s regulation of peroxisome proliferator-activated receptor (PPAR)y and
its downstream target genes

CLA modulates adipocyte gene expression in a dose and isomer-specific manner in a variety
of in vivo and in vitro models (6). It is generally accepted that this effect is mediated by the
ability of CLA isomers to bind and activate members of the PPAR family of transcription
factors. Belury and colleagues (30) first demonstrated that CLA isomers were high affinity
ligands for PPARYy in a rat hepatoma cell line. Additionally, Yu et al. (31) demonstrated that
CLA isomers could activate PPARYy in murine macrophages.

Both in vitro and in vivo experiments have unequivocally shown that PPARYy is the master
adipogenic regulator (32). Interconnected to its role in adipocyte differentiation, PPARy
regulates insulin sensitivity by transcriptionally activating genes involved in insulin signaling,
glucose uptake, and fatty acid uptake and storage (Fig. 1). In fact, the antidiabetic drug family
known as thiazolidinediones (TZD) mediate their insulin-sensitizing effects by directly
activating PPARYy. Because activation of PPARYy increases adipogenesis and insulin sensitivity
(33), we hypothesized that trans-10, cis-12 CLA may exert its TG-lowering and insulin
resistance—inducing effects by decreasing the expression or activity of PPARy. To test this
hypothesis, we first examined the effects of CLA isomers on PPARYy gene expression
throughout the differentiation paradigm in human preadipocytes. Chronic, but not acute
treatment with trans-10, cis-12 CLA dramatically decreased PPARy1 and PPARYy2 expression
compared with a vehicle control (22). The chronic trans-10, cis-12 CLA-mediated reduction
of PPARYy expression was coupled to decreased expression of downstream targets such as
ACBP, aP2, perilipin-A, lipoprotein lipase (LPL) and GLUT4 (22). In contrast, cis-9, trans-11
CLA increased the expression of PPARy and its downstream targets compared with vehicle
controls. In support of these findings, CLA’s ability to reduce PPARy expression in murine
adipocytes was demonstrated recently by two independent laboratories (34,35).

In addition the ability of trans-10, cis-12 CLA to reduce the expression of PPARy, we
hypothesized that CLA directly affects PPARYy activity by competing with endogenous ligands,
or diminishing endogenous ligand synthesis. To test this hypothesis, we transiently transfected
3T3-L1 adipocytes with a PPARy-responsive reporter construct containing the intronic
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proliferator-activated receptor response elements from the rat ACBP gene (36). In the absence
of exogenously added PPARY ligand, both isomers slightly decreased reporter activity.
Furthermore, when 100 nmol/L BRL 49653 was added in the presence of CLA isomers, both
isomers antagonized ligand-dependent activation of the reporter construct, with trans-10,
cis-12 CLA being the most robust antagonist (22). These data are in agreement with Granlund
and colleagues (37), who recently reported that both CLA isomers antagonized the ligand-
dependent transactivation of a PPARy-responsive reporter, in both COS-1 and 3T3-L1 cells,
with the trans-10, cis-12 isomer being the most robust antagonist.

Hence, there is mounting evidence in adipocytes that both the cis-9, trans-11 and the trans-10,
cis-12 isomers of CLA antagonize PPARYy activity. However, the lack of strict isomer
specificity indicates that this effect on PPARY activity does not contribute significantly to
CLA’s antiadipogenic actions, mediated solely by trans-10, cis-12 CLA. Therefore, our results
currently support a model in which the trans-10, cis-12 isomer specifically down-regulates the
expression of PPARYy, rather than activity, thereby decreasing both lipogenesis and
adipogenesis.

Proposed mechanism by which CLA decreases adipogenesis and insulin

sensitivity

On the basis of our data using primary cultures of differentiating human preadipocytes, we
devised a working model of potential mechanisms by which trans-10, cis-12 CLA decreases
adipogenesis and insulin sensitivity (Fig. 2). Our data suggest that physiologic levels (e.g., 10—
30 umol/L) of trans-10, cis-12 CLA inhibit the differentiation of human preadipocytes into
mature insulin-sensitive adipocytes (21,22). We know that trans-10, cis-12 CLA can be taken
up by differentiating human adipocytes and esterified into neutral lipid (primarily TG) and
phospholipid cellular fractions (22). We have also demonstrated that trans-10, cis-12 CLA
supplementation decreases the intracellular ratio of monounsaturated fatty acids (MUFA) to
saturated fatty acids (SFA). Currently, we believe that trans-10, cis-12 CLA exerts its partial
inhibition of adipocyte differentiation by reducing the expression of PPARy and its downstream
targets that are critical for fatty acid (i.e., ACBP, aP2, LPL, perilipin) and glucose metabolism
(i.e., GLUT4; ACC,; stearoyl-CoA desaturase 1, SCD-1). By reducing the expression of
PPARY in developing preadipocytes, trans-10, cis-12 CLA inhibits glucose (Fig. 3) and fatty
acid uptake and metabolism (Fig. 2). The result is a fibroblast-like cell type that has some
characteristics of adipocytes (e.g., leptin expression), but has significantly decreased insulin
sensitivity and ability to store TG. These actions oppose those of PPARYy activators such as
TZD. Currently, the mechanism by which trans-10, cis-12 CLA decreases the expression of
PPARYy in human adipocytes is unclear.

Alternatively, it is possible that trans-10, cis-12 CLA reduces human adipocyte TG content
through mechanisms other than simply decreasing PPARy abundance. Hence, as proposed by
James Ntambi (38-42) in 3T3-L1 adipocytes, an alternative hypothesis is that trans-10, cis-12
CLA reduces the expression or activity of SCD-1, an enzyme responsible for the A-9
desaturation of palmitate (16:0) and stearate (18:0). Intriguingly, Ntambi’s group (38)
demonstrated that loss of SCD-1 function protects mice from developing obesity. This is likely
due to decreased synthesis of long-chain MUFA such as oleate, a preferred substrate for TG
synthesis. The effects of CLA on SCD-1 have been consistent, regardless of the model or
species. Treatment with mixed isomers, or more specifically trans-10, cis-12 CLA, decreases
either the activity or abundance of SCD-1 in a human breast cancer cells, human hepatocytes
and murine adipocytes (39-41).

We recently reported that supplementation with trans-10, cis-12 CLA, but not cis-9, trans-11
CLA, decreased SCD-1 gene expression in differentiating human preadipocytes (22). In

J Nutr. Author manuscript; available in PMC 2005 December 6.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Brown and Mclntosh

Page 6

parallel, trans-10, cis-12 CLA decreased the MUFA:SFA ratio, likely due to decreased
functional SCD-1 protein (22,40,41). Additionally, trans-10, cis-12 CLA supplementation
increased stearate (18:0) levels, which has been shown to have negative feedback on the activity
of ACC. This effect could further potentiate CLA’s ability to decrease de novo lipogenesis,
and limit synthesis of downstream elongation products such as arachidonic acid (20:4), due to
a lack of sufficient malonyl-CoA required for fatty acid elongation, and subsequent eicosanoid
production. In support of this concept, treatment of human preadipocytes with trans-10, cis-12
CLA decreased phospholipid-associated 20:4 by 35% (22). Furthermore, SCD-1 has been
implicated in leptin-mediated weight loss (42). Interestingly, we found that trans-10, cis-12
CLA increased leptin gene expression in human preadipocytes (22). Therefore, it is tempting
to speculate that leptin acts through an autocrine loop to further suppress SCD-1 expression,
thereby preventing adiposity. However, more work must be done to test this hypothesis.

Conclusions and perspectives

To date there are >600 published papers on CLA’s diverse biological applications, and reported
effects on body composition are overwhelmingly strong. However, the vast majority of these
reports have come from rodent or porcine models, and CLA’s potential as an antiobesity
nutrient for humans is still a matter of debate. It is very likely that this conflict persists due to
the fact that CLA’s mechanism of action is isomer specific and that the level of intake is critical,
as is the metabolic status of the participants. We found that trans-10, cis-12 CLA attenuates
human adipocyte TG content and differentiation (21,22). In contrast the cis-9, trans-11 isomer
of CLA increases TG accumulation, and adipocyte-specific gene expression in human
adipocytes (21,22). Therefore, it is tempting to speculate that the inconclusive results in human
supplementation trials are due to the use of mixed isomers, which may negate one another,
resulting in no net change in adiposity. Furthermore, the levels used in human trials were much
lower than those used in animal studies. In any event, isomer-specific dose-titrated clinical
studies combined with mechanistic studies in cultures of primary cells should provide the much
needed insight on potential human applications for CLA.

CLA’s ability to modulate insulin sensitivity in humans is not so clear, and characterization of
CLA’s ability to modulate whole-body glucose homeostasis is required. Early reports
demonstrated that mixed CLA isomers may reverse insulin-resistant states in rodents (17,18),
and there was speculation that this may occur by activation of PPARY (31,43). More recently,
it was reported that these same CLA-mediated antidiabetic actions may hold true for type 11
diabetic subjects (5). In contrast, subsequent reports demonstrated that mixed isomers (16),
and more specifically the trans-10, cis-12 isomer of CLA (14,15), induce insulin resistance.
In support of this concept, we recently demonstrated that trans-10, cis-12 CLA decreased
insulin-stimulated glucose uptake and metabolism in differentiating human preadipocytes
(22). Our group (22) and others (34,35) also demonstrated that CLA decreases the expression
of PPARYy in adipocytes, which could promote insulin resistance and oppose the hypoglycemic
actions of TZD. Collectively, these paradoxical findings may arise from the use of mixed
isomers of CLA or the difference in experimental models used. Currently, itis not clear whether
CLA isomers are beneficial or deleterious in relation to insulin sensitivity.
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FIGURE 1.

Schematic representation of the mechanism by which peroxisome proliferator-activated
receptor (PPAR) y activation promotes adipocyte differentiation, insulin sensitivity and lipid
accumulation in adipocytes. Activation of PPARYy by natural ligands (NL; i.e., eicosanoids,
oxidized lipids, PUFA) or synthetic ligands (SL; i.e., thiazolidinediones, tyrosine analogs)
initiates heterodimerization with the retinoid X receptor (RXR), which requires ligand
activation by 9-cis-retinoic acid (RA). This obligate heterodimeric complex binds to
peroxisome proliferator-activated receptor response elements (PPRE) in the promoters of
target genes. Once bound to the promoter, the recruitment of coactivator complexes, which
contain histone acetyl-transferase activity, modifies the nucleosome structure to allow for the
basal transcriptional machinery to gain access to target gene promoters. Subsequent
transactivation of CAAT/enhancer binding protein-a (C/ EBPa) and signal transducers and
activators of transcription (STAT) 1, 5A and 5B promotes adipocyte differentiation. Activation
of PPARy promotes insulin-stimulated glucose uptake by increasing the expression of
downstream targets including the insulin-stimulated glucose transporter 4 (GLUT4),
phosphatidylinositol 3-kinase (P1-3-Kinase), cbl-associated protein (CAP), insulin receptor
substrate (IRS) 1 and 2, and adiponectin, and by decreasing the expression of resistin.
Furthermore, PPARYy activation promotes lipid storage by increasing the expression of the
adipocyte fatty acid binding protein (aP2), acyl-CoA binding protein (ACBP), lipoprotein
lipase (LPL), acyl-CoA synthetase (ACS), fatty acid transport protein (FATP), fatty acid
translocase (CD36) and phosphoenol pyruvate carboxykinase (PEPCK), and by decreasing the
expression of leptin and tumor necrosis factor-o (TNFa).
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FIGURE 2.

Proposed mechanism by which trans-10, cis-12 conjugated linoleic acid (CLA) decreases
triglyceride (TG) accumulation in differentiating human (pre)adipocytes. CLA enters the cell
through an unidentified mechanism of transport, and is shuttled into different regulatory
compartments. Mechanism #1: CLA can be esterified into TG-rich lipid droplets, where it is
likely to have little regulatory role, and could potentially increase TG stores. Mechanism #2:
CLA can be esterified into the membrane phospholipids bi-layer, where it could alter membrane
fluidity and membrane-associated signal transduction cascades. Mechanism #3: CLA can alter
the abundance or activity of a currently unidentified transcription factor (TFX), which results
in transcriptional repression of the peroxisome proliferator-activated receptor (PPAR) vy and
its downstream targets lipoprotein lipase (LPL), acyl-CoA binding protein (ACBP), adipocyte
fatty acid binding protein (aP2), the insulin-stimulated glucose transporter 4 (GLUT4) and
leptin. In addition, by altering the activity or abundance of TFX, CLA decreases the expression
of stearoyl-CoA desaturase 1 (SCD-1) and acetyl-CoA carboxylase (ACC), which is likely
independent of CLA’s ability to reduce PPARY signaling. By down-regulating GLUT4, ACC,
and SCD-1, CLA attenuates insulin-stimulated glucose uptake, malonyl-CoA synthesis, and
oleate synthesis, respectively, collectively decreasing de novo fatty acid synthesis. Decreased
malonyl-CoA would impair fatty acid (FA) elongation into long-chain, unsaturated FA,
limiting their availability for eicosanoid production and cell signaling, including PPARy
activation. By down-regulating LPL, ACBP and aP2, CLA attenuates FA uptake and alters
intracellular trafficking to attenuate esterification into TG. Alternatively, CLA-induced
alterations of FA metabolism could decrease synthesis of endogenous ligands (i.e.,
eicosanoids) for TFX or PPARY.
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FIGURE 3.

Schematic model of insulin-stimulated glucose uptake in adipocytes. Under normal conditions,
insulin binds to the extracellular o subunits of the insulin receptor (IR), which leads to
intracellular autophosphorylation of  subunits of the IR. Subsequent tyrosine phosphorylation
of the insulin receptor substrate (IRS) family of proteins leads to the phosphorylation and
activation of phosphatidylinositol 3-kinase (PI-3K). Phosphorylation of PI-3K leads to the
activation of the phosphoinositide-dependent protein kinase (PDK), which phosphorylates and
activates downstream serine/threonine kinases protein kinase C (PKC) and protein kinase B
(Akt/PKB). This cascade results in the translocation of the insulin-stimulated glucose
transporter 4 (GLUT4) to the plasma membrane, where it facilitates intracellular flux of
glucose. In addition to this PI-3K—dependent pathway, the IR can signal independently of
P1-3K to stimulate GLUT4 translocation. In this case, IR autophoshorylation can lead to the
tyrosine phosphorylation of c-cbl, and association of the cbl-associated protein (CAP).
Subsequent binding of the SH2/SH3-containing adapter protein Crkll and the guanyl
nucleotide exchange factor (C3G) activities the Rho family TC10. Activation of the TC10 plays
a crucial role in the translocation of GLUT4 to the plasma membrane. Activation of both the
P1-3K dependent and independent pathways is necessary for insulin-stimulated glucose uptake
in adipocytes. Thiazolidinediones (TZD) increase insulin sensitivity in part by activating
peroxisome proliferator-activated receptor (PPAR) y-dependent transactivation of GLUT-4
and CAP genes. We contend that trans-10, cis-12 CLA (t10,c12-CLA)-induced insulin
resistance involves antagonism of PPARy in human adipocytes. In support of this concept, t10,
c12-CLA diminishes the expression and TZD-induced activity of PPARY (22). By antagonizing
PPARYy signaling, t10, c12-CLA may indirectly reduce GLUT4 expression and insulin-
stimulated glucose uptake.
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