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ABBREVIATIONS  

BAT, brown adipose tissue; BMI, body mass index; CLA, Conjugated linoleic 
acid; c9t11-CLA, cis-9, trans-11 conjugated linoleic acid ; t10c12-CLA, trans-10, 
cis-12 conjugated linoleic acid ; CNF, ciliary neurotrophic factor; CRP, C reactive 
protein; CVD, cardiovascular disease;  DM, diabetes mellitus; ELISA, 
enzyme-linked immunosorbent assay; FFA, free fatty acid; GADD45, Growth arrest 
and DNA damage-inducible gene; IL, interleukin;  LA, Linoleic acid;  LPS, 
lipopolysaccharide; MCP-1, monocyte chemotactic protein-1; MIF, migration 

  



 

inhibitory factor; MTT, 3-(4,5-dimethylthiazol-2-yl) -2,5- diphenyltetrazolium 
bromide;  MS, metabolic syndrome; NFAT, calcineurin/nuclear factor of activated T 
cells; NGF, nerve growth factor; PAI-1, plasminogen activator inhibitor 1; PPARγ, 
Peroxisome proliferator activated receptor gamma; PPRE, Peroxisome proliferator 
responsive element;  RA, Retinoic acid; RAR, Retinoic acid receptor; ROS, reactive 
oxygen species;  RT-PCR, Reverse transcriptase polymerase chain reaction; RXR, 
Retinoid X receptor; TG, triglyceride; TNFα, tumor necrosis factor alpha; VEGF, 
vascular endothelial growth factor; WAT, white adipose tissue 

 
I. Introduction 

 

Obesity is the important medical problems worldwide today. It is associated with 
a number of acute and chronic medical complications, including cardiovascular 
disease, diabetes, arthritis, depression, respiratory and gastrointestinal problems. On 
the other hand, traditional weight loss treatments, usually involving reduction of fat 
intake, in fact, have generally had very limited success. In this article, from viewpoint 
of dietary supplement, we will report some our recent results and review the updated 
knowledge of the adipocytes regarding to conjugated linoleic acid (CLA) effects, 
focusing on gene expression and cytokines/adipokines in different model, including 
cultured cell, rodent, and human study. In 1987 Ha et al. [1] found that CLA present 
in fried ground beef, reduced tumor incidence in mice. CLA has also attracted a lot of 
attention over the past few years for antiobese issue. Earlier research has indicated 
that intake of CLA might reduce adiposity, providing antioxidant protection to 
treating diabetes and cardiovascular disease in humans and could have important other 
beneficial effects. A CLA-enriched diets lead to a rapid and marked decrease in fat 
stores in several species including pig, rat, hamster, chicken and mouse [2-6], 
suggesting that CLA might be useful as weight-loss agents. However unfortunately, 
several recent in human subjects data of CLA supplementation in contrast to animal 
studies there has been marked variation between reports on the health-related 
outcomes. Additionally, adverse side effects have been recently reported in mice fed a 
commercial CLA mixture. It indicated that the relation between CLA taken as 
supplements and antiobese could be more complex than initially general thought.  

 
II. Chemical property, source, pharmacology and safety 

 

Chemical property, origin and production 

  



 

 The CLA family consists of several different conjugated and many have 
currently been identified [7-9]. Natural forms of CLA can be found predominantly in 
ruminant products [10,11], more than 91% of the c9t11-CLA present in milk fat 
[12-14], also known as rumenic acid [15-19] see figure 1, and partially hydrogenated 
vegetable oils. Because the CLA content of dairy products is related to their fat 
content, CLA levels are greater in higher fat than in lower fat products. The two 
predominant isomers found in foods and commercial preparations are the c9t11-CLA 
and t10c12-CLA. Commercial dietary supplements, contain c9t11-CLA and 
t10c12-CLA isomers in approximately equal amounts. Measurements of c9t11-CLA 
in human adipose tissue have found that its presence is highly correlated with milk fat 
intake [20-24]. Anaerobic ruminant bacteria, such as Butyrivibrio fibrisolvens [25], 
produce predominantly c9t11-CLA through biohydrogenation of linoleic acid and 
α-linolenic acid obtained from plant material, and pathway of linoleic acid by 
c9t11-octadecadienoate reductase [26]. CLA also from fried ground beef, heat-altered 
derivatives of linoleic acid [1]. In the formation of CLA, hypothetical mechanism by 
which oxygen-derived free radicals might induce a double bond of linoleic acid to 
shift [27].  

In addition to dietary sources, some CLA can be produced endogenously by 
humans [28]. Several methods are currently available to chemically synthesize CLA 
[29,30], either absorbed or further metabolized to vaccenic acid 
(trans-11-octadecenoic acid), a predominant trans fatty acid in milkfat, which can be 
converted to c9t11-CLA by the enzyme ∆9 stearoyl-CoA desaturase, an alternative 
route in mammals, including in humans [31,32]. Blood levels of CLA in humans may 
reflect both dietary intake of CLA and endogenous synthesis from trans-vaccenic acid. 
Interestingly, in diabetes, the glycation and subsequent glycoxidation reactions are 
enhanced by elevated glucose concentrations. Ratios of CLA to LA significantly 
increased in diabetic erythrocytes compared with control erythrocytes. This indicate 
that glycation via chronic hyperglycemia links lipid peroxidation in the erythrocytes 
of both diabetic and healthy subjects [27].  

  



 

 

Figure 1. Biosynthesis of CLA in its incorporation into meat and milk ruminants [33]. 
(adapted from Tanaka, 2005 with permission) [34]. 

The conjugated trienoic fatty acids produced from α- and γ-linolenic acid were 
further saturated by Lactobacillus plantarum to trans-10, cis-15-18:2 and cis-6, 
trans-10-18:2 [35]. Recently, purified CLA isomers are commercially available, and is 
expected to facilitate the clarification of dietary function paradox and of each isomer’s 
physiological activity. 

 

Pharmacology and dosage 

In vitro and experimental animal studies found a number of potential health 
benefits for CLA. CLA inhibits the proliferation of some cancer cells such as 
mammary, colorectal, prostate, and forestomach cancers [36]. Virtually most studies 
have used synthetic mixtures of CLA at dose from 10 to 25µM. In human serum, CLA 
has been reported to be around 7.1 µM. One report indicates that potent cytotoxic 
effect on cancer cell line can be exerted at physiological concentration [37,38]. In 
study of body composition, intake of CLA reduces body fat and increases lean body 
mass in several species of growing animals [39], improves glucose utilization and 
reverses symptoms of diabetes in laboratory animals. CLA may lowers total and LDL 
cholesterol as well as TG levels and reduces the severity of atherosclerosis in 
experimental animals [40]. Recent reports also suggest that each CLA isomer has 
different functions, such as the t10c12-CLA has significantly anticarcinogenic, 
antiobese and antidiabetic effects, whereas the c9t11-CLA seem to exerts an 

  



 

anticancer effect. In addition, CLA enhances select immune responses in experimental 
animals, as well as increases the rate of bone formation by influencing factors that 
regulate bone metabolism. Physiological difference between free and triglyceride-type 
CLA on the immune function of C57BL/6N mice also investigated [41]. 

The typical dosage of CLA ranges from 3 to 5 g daily as dietary supplement. 
CLA was found induces leptinaemia and adiponectinaemia, followed by 
hyperinsulinaemia, was determined in C57BL/6J female mice fed a 1% isomeric 
mixture of CLA for various periods of time ranging from 2 to 28 days. Additionally, 
due to still only few reports or weak evidence concerning the anticancer and antiobese 
effects of CLA in humans study. Therefore, more detailed evaluations of the 
physiological bioactivities, especially in double blind and placebo based research, 
using pure CLA isomers on lifestyle/aging-related diseases in humans and animals 
will be of great interest in future studies.  

 

Dietary safety and adverse effects 

The t10c12-CLA isomer is responsible for antiobese effect especially dramatic in 
the mouse. However, it is noteworthy that a significant impairment of insulin 
sensitivity has been reported in overweight subjects receiving the purified 
t10c12-CLA isomer, in which it is associated with severe hyperinsulinemia, insulin 
resistance and massive liver steatosis, also called the CLA-mediated lipoatrophic 
syndrome [42,43]. This finding, raises the question of safety of dietary supplements 
containing CLA. In generally, the usual doses of CLA used in animal studies greatly 
exceed those used in human studies. This is reasonable to explain why animal studies 
come up with better results than human studies, and may also explain the adverse 
effects of CLA in rats.  Collectively, evidences for a putative beneficial effect of a 
CLA supplementation in humans are still inconclusive, maybe the safety of dietary 
supplements containing CLA need more concerning, and more clearly further 
isomer-specific clinical trials are necessory. 

 

III. CLA on obesity issue: weight control and body composition in 
cultured cell, animal and human studies  

 

Disease related to obesity- role of inflammation and adipokine 

  



 

Despite the enormous medical implications of obesity, effective prevention and 
treatment strategies are still lacking. It is important to distinguish the term obesity, 
used to describe excess body fat, from other forms of overweight. Obesity results 
from the hypertrophy, and hyperplasia of adipocytes within the organism later, is 
generally thought to be the result of both genetic and environmental influences. Being 
overweight or obese has become highly prevalent in Western countries and the 
population are rapidly upgrowing in the developing world [44]. Obesity-related 
disorders, such as insulin resistance, hypertension and diabetes, are also dramatic 
increasing. Obesity is also associated with endothelial dysfunction and arterial 
stiffness from as early as the first decade of life [45]. This probably mediated in part 
by low-grade inflammation associated with cytokine-like molecules, called 
adipokines. WAT is a major endocrine/secretory organ, which releases a wide range of 
adipokines. A number of adipokines, including IL-1β, IL-6, MCP-1, MIF, TNFα, 
leptin, adiponectin, NGF, VEGF, PAI-1, are somehow linked to the inflammatory 
response. Recent research indicate those adipose tissue-derived factors influence 
metabolic and cardiovascular disease. Leptin is now considered to play a key role in 
in obese, hypertensive patients, and decreased secretion of adiponectin appears to be 
an important predictor of diabetes [46,47]. A high leptin concentration, in particular, is 
found in obese individuals and is strongly associated with vascular changes related to 
early atherosclerosis[48,49]. 

 

Metabolic syndrome: adipogenesis and neurotrophins  

Obese adipose tissue origin from a long-term process of adipogenesis, is 
characterized by inflammation and progressive infiltration by macrophages as obesity 
develops [50], that link to metabolic pathways in metabolic disease and immune 
response, and the signaling pathways at the intersection contribute to diabetes [51]. 
The elevated production of inflammation-related adipokines is increasingly 
considered to be important in the development of diseases linked to obesity, 
particularly thought as the metabolic syndrome. [52]. Metabolic syndrome, such as 
diabetes, hypertension, dyslipidemia, , coronary artery disease, and obesity. also 
known as syndrome X, or the insulin resistance syndrome [53-56]. The global 
epidemic of obesity and DM has led to a marked increase in the number of persons 
with metabolic syndrome. Both type 2 DM and metabolic syndrome share common 
features, and patients.  

 

  



 

An increasing number of researchers of the metabolic syndrome assume that 
many mechanisms are involved in the impact for complex pathophysiology of 
neurotrophins, such as disorders of the hypothalamo-pituitary-adrenal axis, an 
increased sympathetic activity, the chronic subclinical infections, proinflammatory 
cytokines, the effect of adipocytokines, and/or psychoemotional stress [57]. Scientific 
research in this field confirms the role of the neurotrophins and mastocytes in the 
pathogenesis of inflammatory and immune diseases [58]. CNF is a another 
neurocytokine expressed by glial cells in nervous system, generally recognized for its 
function in survival of non-neuronal and neuronal cell types. It was recently 
acknowledged for its potential role in the control of obesity [59]. 

 

Cell-cell interaction: integrin, matrix metalloproteinase  

In obesity, changes in fat pad size lead to physical changes in the surrounding 
area and modifications of the paracrine function of the adipocyte. Such as adipocytes 
begin to secrete TNFα, which will stimulate preadipocytes to produce monocyte 
chemoattractant [60-64], and contribute to progressive inflammation occur later. 
Noteworthly, the processes of adipogenesis include a process of migration, adhesion, 
proliferation and differentiation of preadipocytes into mature adipocytes. Many of 
these biological functions are related to cell integrins, like the TG content and gene 
expression of PPARγ and leptin also decreased in response to the treatment of 
disintegrin [65]. Moreover, in vivo model found that partial inhibition of gelatinolytic 
activity is associated with moderate effects on adipose tissue development. MMP 
inhibitor decreases adipose conversion of 3T3-L1, and enhancement of MMP 
expression counteracts the inhibitor in adipose tissue [66]. These support a role for the 
MMP system in the control of proteolytic processes and adipogenesis during obesity 
mediated fat mass development [67].  

 

CLA on lipid metabolism: in cell, animal, and human study 

Beneficial effect of CLA on body composition: Potential antiobesity mechanisms 
of CLA include decrease preadipocyte proliferation and differentiation into mature 
adipocytes, decrease fatty acid and TG accumulation, increase energy expenditure, 
lipolysis, and fatty acid oxidation. CLA intake has been demonstrated consistently to 
decrease in body fat accumulation and increase in lean body mass in several 
experimental animals including mice, rats, hamsters, and pigs. However, CLA's effect 
on overall body weight appears to be variable [68,69]. CLA was shown to accumulate 

  



 

in the WAT much more than in the serum or liver, and found levels of triglycerides in 
the WAT and serum nonesterified fatty acid were reduced in a CLA dose-dependent 
manner [70]. In animal studies, the most dramatic and desirable effects of CLA  on 
body composition are ascribed to the t10c12- isomer rather than the c9t11- isomer. 
Recent findings in mice and hamsters indicate that the t10c12-CLA isomer is largely 
responsible for CLA's effect on body composition, adipocyte morphology, and for 
many of the effects seen in diabetes and obesity [71,72]. As show in figure 2, we also 
confirmed the similar result, t10c12-CLA prevent TG accumulation more remarkable. 
The t10c12-CLA has been reported to inhibit heparin-releasable lipoprotein lipase 
activity and leptin secretion from 3T3-L1 adipocytes, and to suppress delta-9 
desaturase activity [73]. Although a lots of mechanisms are presumably involved, 
how CLA alters body composition is still unclear and remains to be determined.

Figure 2. Effects of c9t11- and t10c12-CLA on triglyceride accumulation in differentiated 3T3-L1 

cells. (p: preadipocyte, M: MD

) 3

There is little direc
humans. Recent reports 
isomer or with the c9t11
beneficial changes in th
effects of CLA on adi
specificity, the results o
used different mixtures a
[74]. Results of many pu
body weight, body com
crossover study on plasm
CLA-enriched butter ind
no effect on the distribut

 

I, RA: 5 µM retinoic acid, TZD: 10 µM thiazolidine.)  

p M 10 20 30 50 RA TZD

Tr
ig

ly
ce

rid
e 

co
nc

en
tr

at
io

n 
(m

m
ol

/L

0

1

2

c-9, t-11 CLA
t-10, c-12 CLA

t evidence regarding CLA's effect on body composition in 
surprisingly suggest that supplementation with t10c12-CLA 
- isomer enriched foods may not contribute to the expected 

e risk variables associated with MS. Especially, due to the 
posity and lipid metabolism are dependent on its isomer 
f CLA on human are conflicting because these studies have 
nd dosages of CLA isomers, and diverse subject populations 
blished studies in human subjects is that CLA does not affect 
position or adipose tissue mass [75]. Such as, a randomized 

a lipoproteins and body composition in men, found that the 

uced no significant change in the CVD risk profile and had 
ion of body fat [76].  

 



 

Collectivelly, CLA’s effects from a fundamental viewpoint, an integral 
extrapolation of animal data to human seems unrealistic, CLA has only limited effects 
on immune functions in man. In fact however, dietary CLA is able to be incorporated 
and metabolized as linoleic acid, influence linoleic acid desaturation and elongation; 
and to be beta oxidized finally in peroxisomes, which via activation of PPARs 
increase free retinol levels, link to regulate gene expression [77]. In a study of 60 
abdominally obese men with MS, who were randomly assigned to supplements 
containing either 3.4 g/d of a CLA isomer mixture, or the purified t10c12- isomer. 
Results found that after 12 wk of supplementation, the t10c12- isomer induced 

statistically significant deteriorations in insulin resistance, in glycemia as well as in 
plasma HDL-cholesterol concentrations compared with placebo [76]. CLA 
supplementation with purified t10c12-CLA isomer decreases fat mass and causes a 
significant impairment in insulin sensitivity in overweight humans [78]. 

 

IV. Mechanism of CLA effects: on differentiation, organelles, gene 
expression, putative receptor, and immune response  

 

Adipocyte/preadipocyte differentiation, activation 

Adopogenesis is a multistage process beginning with mesenchymal cells capable 
of forming muscle, bone or adipose tissue. Adipose tissue plays a key role in the 
pathogenesis of the obesity-related metabolic syndrome. Adipocyte serves as an 
important source of pro-inflammatory molecules, including leptin, TNFα, and IL-6, as 
well as anti-inflammatory molecules, such as adiponectin [79]. Most of these 
functions are carried out via adipocytokines capable of acting locally or at distant sites 
[80]. The recent study demonstrate that calcineurin is a critical effector of a 
calcium-dependent signaling pathway that acts to inhibit adipocyte differentiation 
[81]. Moreover, a constitutively active NFAT mutant preadipocytes inhibits their 
differentiation into mature adipocytes. Cell expressing NFAT lose contact-mediated 
growth inhibition, protected from apoptosis following growth factor deprivation.  

The first, and best characterized, model of adipogenesis in vitro is the 3T3-L1 
mouse fibroblast cell line [82,83]. When confluent/growth-arrested 3T3-L1 cells are 
subjected to the adipogenic hormones: 3-isobutylmethylxanthine (a phosphodiesterase 
inhibitor), dexamethasone, and insulin, collectively known as MDI, they undergo a 
defined genetic program of terminal differentiation, and giving rise to mature 
morphologically distinct adipocytes containing large cytoplasmic TG depots [84]. It is 

  



 

dependent on the sequential activation of transcription factors including the C/EBP, 
PPAR, and SREBP, those leading to changes in gene expression [85]. Another cell 
lines, 3T3-F442A, at a later stage, requires only insulin to differentiate, as well as 
AP-18, a new non-embryo derived preadipocyte cell line estabolished from an adult 
C3H/HeM mouse provides a useful model for investigating adipocyte differentiation 
and adipogenesis [86]. 

 

Organelle functions: mitochondria and endoplasmic reticulum 

Increasing evidence show that mitochondrial dysfunction in the 
prediabetic/insulin-resistant state, contributes to a variety of human disorders, ranging 
from cardiac dysfunction, neurodegenerative diseases, obesity, insulin sensitivity and 
cancer, as well as their increasingly acknowledged key role during apoptosis [87-89]. 
Induction of mitochondrial uncoupling proteins, UCP1 in mouse or human white 
adipocytes promote fatty acid oxidation and resistance to obesity. UCP2 and UCP3  
do not mediate adaptive thermogenesis physiologically, and do not seem to contribute 
to energy expenditure, but they may be significantly thermogenic under specific 
pharmacological conditions. Both UCP2 and UCP3 are should be considered as 
potential targets for treatment of aging, degenerative diseases, and perhaps obesity 
[90,91]. Noteworthlly, PPARγ co-activator 1α plays a key role in regulating 
mitochondrial biogenesis and fuel homeostasis, and overexpression favored a shift 
from incomplete to complete beta-oxidation enables muscle mitochondria to better 
cope with a high lipid load [92]. These possibly reflecting a fundamental metabolic 
benefit of exercise training, and up-regulation of PPARγ co-activator 1α may as a 
effective strategy for preventing or reversing insulin resistance and obesity [93]. On 
the other hand, obesity-induced endoplasmic reticulum stress recently has been 
demonstrated to underlie the initiation of inflammatory responses, and generation of 
peripheral insulin resistance [94]. It leads to suppression of insulin receptor signaling 
through hyperactivation of c-Jun N-terminal kinase and subsequent serine 
phosphorylation of insulin receptor substrate-1 [95].  

The beneficial effects exerted by low amounts of CLA, and raise the question 
about their mitochondrial oxidizability. CLA appeared to be both poorly oxidizable 
and capable of interfering with the oxidation of usual FA at a step close to the 
beginning of the beta-oxidative cycle [96]. It was reported that, CLA more effective 
than vitamin A protecting mitochondria from peroxidative damage of 3T3-L1 cells 
[97]. Our research indicated that CLA induced apoptosis via mitochondrial pathway 
through PPARγ signalling, reduce mitochondria transmembrane potential, increased 

  



 

mRNA expression of apoptosis regulator Bax and Bcl-2 ratio, enhance cytochrome c 
release to cytoplasm and activation of caspase-3 (reversed by pan-caspase inhibtor). 
CLA reduced mRNA expression of cyclin D and increased mRNA expression of p53 
and p21waf-1, but increased mRNA expression of GADD45. In addition, research 
found that CLA inhibits the elongation and desaturation of 18:2n-6 into 20:4n-6. One 
might speculate that a diet enriched in CLA would be useful in preventing carcinoma 
[98].  

 

CLA on gene expression: PPARs, signal transduction, and adipokines 

Adipocytes act not only as a fuel storage depot but also as a critical endocrine 
organ that secretes a variety of signaling molecules into the circulation, they play a 
central role in the maintenance of energy homeostasis by regulating insulin secretion, 
glucose and lipid metabolism. These secretory factors include enzymes, growth 
factors, cytokines and hormones involved in fatty acid and glucose metabolism. For 
gene expression, the PPAR are ligand-activated transcription factors, family 
comprises three closely related gene products-PPARα, PPARγ, and PPARδ/β-and is 
so named because PPARα is activated that elicit increases in the number and size of 
peroxisomes. Fatty acids, eicosanoids, and some drugs are PPAR ligands, PPAR-α 
regulates fatty acid oxidation primarily in liver, PPARγ serves as a key regulator of 
adipocyte differentiation and lipid storage, while PPARδ is a positive factor for fat 
burning. PPARs function as important coregulators of energy homeostasis. Moreover, 
both PPARγ-1 and PPARγ-2 isoforms, generated by alternative splicing, PPARγ 1 
isoform is expressed in liver and other tissues, whereas PPARγ-2 isoform is expressed 
exclusively in adipose tissue where it regulates adipogenesis and lipogenesis. 
Oxidized LDL regulates macrophage gene expression also through ligand activation 
of PPARγ[99]. 

ICR and C57BL/6J mice were fed experimental diets containing CLA greatly 
decreased weights of white adipose tissue and interscapular brown adipose tissue in 
the two strains [100]. It is apparent that dietary CLA’s function, accompanying 
changes in the gene expression of proteins regulating energy metabolism in white and 
brown adipose tissues, and skeletal muscle of mice. Inhibition of lipid accumulation 
induced by t10c12-CLA treatment during adipocyte differentiation is associated with 
a tight regulatory process between early (PPARγ and C/EBPα) and late (LXRα, aP2 
and CD36) adipogenic marker genes [101]. Furthermore, we also confirmed the 
effects of c9t11- and t10c12- isomers of CLA on the expression of adipogenic genes, 
results show in table 1. The t10c12-CLA at concentration 25 µg/L significantly 

  



 

decreased the mRNA expression of C/EBPα, PPARγ and SREBP-1, and in a 
dose-dependent. manner. However, c9t11- CLA presents no inhibitive function on the 
expression of SREBP-1. t10c12-CLA also decreases the triglyceride content of newly 
differentiated human adipocytes by inducing MEK/ERK signaling through the 
autocrine/paracrine actions of IL-6 and 8 [102]. Collectively, CLA may imparts its 
effects by increasing expression of genes associated with apoptosis, fatty acid 
oxidation, lipolysis and inflammation, as well as decreasing stromal vascular cell 
differentiation, and lipogenesis [72]. 

Table 1.  Inhibitory effect of c9t11- and t10c12-CLA in differentiated 3T3-L1 
cells.   

 
Inhibitory activity (%) sample Concentration 

(ppm) SREBP-1 C/EBPα PPARγ 
10 4.14 ± 4.56 a 6.28 ± 1.53 a 0.48 ± 4.28 a 
15 9.99 ± 2.42 a 16.05 ± 2.42 b 7.06 ± 2.09 a 
20 7.09 ± 3.09 a 18.29 ± 1.94 b 7.27 ± 5.67 a 

c9t11- 
CLA 

25 9.87 ± 1.39 a 17.20 ± 1.38 b 19.45 ± 2.99 b 
10 2.02 ± 2.15 a 12.46 ± 1.38 a 5.82 ± 2.58 a 
15 1.69 ± 6.10 a 23.79 ± 2.20 b 9.29 ± 4.27 a 
20 13.86 ± 2.46 a 34.09 ± 1.19 c 32.46 ± 3.88 c 

t10c12- 
CLA 

25 35.8 ± 3.87 b 56.06 ± 3.19 d 61.39 ± 5.02 d 
Effects of c9t11- CLA on C/EBPα mRNA expression in 3T3-L1 adipocytes. Two-day 

postconfluent 3T3-L1 were differentiation by MDI and treated with CLA.  On day 8 after induction of 

differentiation, total RNA was extracted from 3T3-L1 cells and subjected to RT-PCR with primers 

specific for C/EBPα.  

Serum leptin is correlated to body fat level, acts in the hypothalamus to regulate 
satiety [103]. Leptin, a cytokine, is the ob gene product from mature adipocytes, its 
expression is accelerated at obesity state that inhibits food intake and accelerates 
energy expenditure. Dietary CLA found acute reduction of serum leptin level in 
Sprague-Dawley rats [104].  

 

Anti-adipogenesis of CLA involved to estrogen receptor ? RA receptor? 

Estrogen receptor alpha plays an important role in mediating estrogen signaling 
is involved in osteoporosis and obesity [105,106]. Interestingly, obesity positively 
associated with breast cancer for postmenopausal women [107]. Estradiol affects the 
metabolic action of insulin in a concentration dependent manner, that high 

  



 

concentrations of estradiol inhibit insulin signaling by modulating phosphorylation of 
IRS-1 via a JNK-dependent pathway [108]. In addition, estrogens and phytoestrogen 
genistein also found regulate adipogenesis and lipogenesis in males and females [109]. 
CLA compounds possess potent antiestrogenic properties that may partly account for 
their antitumor activity on breast cancer cells [110,111], caused by inducing the 
dephosphorylation of estrogen receptor alpha through stimulation of protein 
phosphatase 2A activity [112]. Nevertheless, at present no direct evidence to approve 
the antiestrogenic pathway of CLA contribute to its anti-obesity functions.  

Retinoids modulate various biological functions, such as cell differentiation, 
proliferation and embryonic development, through specific nuclear receptors- RAR 
and RXR, and their endogenous ligands are all-trans-retinoic acid and 9-cis-retinoic 
acid, respectively [113-116]. We convinced that CLA induce apoptosis of 3T3-L1 
preadipocyte, through reduced mRNA expression of cyclin D (see figure 3) and 
increased mRNA expression of p53, GADD45, and p21waf-1, but do not activate 
RAR in a reporter gene assay.  

 

Figure 3. Effects of 10 µM RA ,200 µM LA , c9t11- CLA and t10c12- CLA on cyclin D mRNA 

expression. 3T3-L1 preadipocytes treated for 6hr. Results are expressed as mean ± S.D. for n＝3 each 

group (P＜0.05). 

 

Immune viewpoint: CLA on inflammation and oxidative stress  

Metabolic and immune responses are highly integrated and interdependent. In 
obesity and diabetes is now firmly links between inflammatory mediators. Peripheral 
blood mononuclear cells in obesity are in a proinflammatory state with an increase in 

  



 

intranuclear NFκB binding [117]. NFκB plays a key role in inflammatory and immune 
responses [118]. TNFα and adiponectin are antagonistic in stimulating NFκB 
activation. In 3T3-L1 adipocytes model, NGF, a neurotrophin show as an important 
inflammatory response protein. NGF secrete in WAT, synthesis being influenced by 
TNFα [119]. In response to proinflammatory cytokines such as TNFα, the IκB kinase 
is activated, further stimulate the formation of additional inflammatory cytokines, 
along with adhesion molecules which promote endothelial dysfunction and 
downstream modulate specific metabolic syndrome. TNFα induces oxidative stress, 
which leading to oxidized low-density lipoprotein and dyslipidemia, insulin resistance, 
hypertension, endothelial dysfunction, and atherogenesis [120]. 

Oxidative stress levels are elevated in obesity correlated with fat accumulation in 
humans and mice [121], ROS increased selectively, augmented expression of NADPH 
oxidase and decreased expression of antioxidative enzymes, dysregulated production 
of adipocytokines, and those are important pathogenic mechanisms of 
obesity-associated metabolic syndrome [122]. Overall, serum concentrations of CRP, 
TNFα and IL-6 were significantly correlated with weight, BMI, and visceral adipose 
tissue [48,49,123,124]. Leptin expression is accelerated at obesity state, similar to 
other proinflammatory cytokines, it promotes Th1 cell differentiation and cytokine 
production [125]. Leukocyte populations within adipose tissue, which may be 
involved in the development of inflammation that is characteristic of obesity [126].  

Both the innate and acquired immune responses are affected by dietary CLA 
supplementation. In vitro studies of the use of immune cells and animal models 
demonstrate that CLA modulates immune function, it enhance IL-2 production, 
lymphocyte proliferation, but decrease TNFα and IL-6 production [127]. We also 
confirmed the effect of CLA isoforms on TNFα production in human monocyte assay, 
and c9t11-CLA seems work more effectivelly, see figure 4. There is a slight but 
significant difference between the functionalities of triglyceride and free dietary CLA 
on modulate immunoglobulin and various cytokine productions [41]. A Double-blind, 
randomized, parallel, reference-controlled intervention study on human immune 
function, CLA may beneficially affect the initiation of a specific response to a 
hepatitis B vaccination [128].  

Nitrolinoleic acid, LNO2 are formed via nitric oxide-dependent oxidative inflammatory reactions, 

is a potent endogenous ligand for PPARγ. NO-mediated cell signaling reactions can be transduced by 

FA nitration products and PPARs dependent gene expression [129]. CLA in endotoxin LPS-activated 

inflammatory events in macrophages (for enhance TNFα production), negatively regulating expression 

of inflammatory mediators [130], decrease both PGE2 and NO synthesis by suppressing transcription 

of COX-2 and iNOS [131]. Report reveal that CLA significantly (P<0.05) depressed rat PGF synthesis 

  



 

in placenta, uterus and liver [132]. On the other hand, results also indicated that the t10c12- CLA 

supplementation led to a marked increase in human plasma CRP, a markers of inflammation and 

oxidative stress compared with the placebo [76].  
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igure 4. Production of TNFα by human monocytic THP-1 cells treated with 
 The concentration of TNFα in the cell supernatant was measured by ELISA. 

he adipokine resistin displays potent proinflammatory properties by strongly 
ulating IL-6 and TNFα, which were abrogated by NFκB inhibitor[133]. The 
-CLA performed as an antioxidant, promotes at least in part, NFκB activation 

ubsequent induction of IL-6, which are partly responsible for suppression of 
γ target gene expression and insulin sensitivity in mature human adipocytes 
 On the other hand, c9t11-CLA possessed weak antioxidant activity, whereas at 
M higher concentration, it act as a strong pro-oxidant [135]. Take together, it is 
 that CLA modulate the accumulation of arachidonic acid in phospholipids, 
ng in a reduced arachidonic acid pool and reduced production of downstream 
 and following anti-inflammation [34].  

 
V. Conclusion 

ither ageing or hypertrophy is associated with increased body fat and insulin 
nce, and with a higher risk for cardiovascular diseases. What happen in obese 

? Here, we propose that obese tissue may activated via cell-cell interaction due 
stainable cell proliferation and size enlargement, which trigger progressive 
mation, related adipokine secreting from adipocyte, such as resistin displays 
 proinflammatory properties, and induce mitochondrial dysfunction as well as 

 



 

metabolic syndrome later. Those complicated mechanisms are involved to immune 
response, gene expression and intracellular signal transduction, which CLA or its 
specific isoform somehow, partly perform positive biological activity.  

However, review updated research data, from in vitro to in vivo investigation, 
even in human clinic study, including functions, mechanisms, and safety of dietray 
CLA, we must conclude that it is still insufficient and ambiguous at present. Despite 
conflicting results, likely due to large variability in protocols used, the use of CLA for 
weight management in human should be under medical control. Meanwhile 
noteworthly, the question of the safety of high dosage dietary CLA supplements is 
raised. In addition, development of a commercial available functional food- CLA in 
soft gelatin capsules which is maybe not the best way to fit the consumer taste 
demand and to have the best bioavailability of the active form. Finally, a new 
approach to this problem may be a low glycemic index diet, refers to the effect of 
food on blood sugar and insulin level after a meal. It may be a practical and safe 
approach to the prevention and treatment of obesity and related complications.  

 

VI. References 
 

1. Ha, Y. L., Grimm, N. K., and Pariza, M. W., Anticarcinogens from fried ground 
beef: heat-altered derivatives of linoleic acid, Carcinogenesis 8 (12), 1881-7, 1987. 

2. Wang, Y. W. and Jones, P. J., Conjugated linoleic acid and obesity control: efficacy 
and mechanisms, Int J Obes Relat Metab Disord 28 (8), 941-55, 2004. 

3. Park, Y., Storkson, J. M., Albright, K. J., Liu, W., and Pariza, M. W., Biological 
activities of conjugated fatty acids: conjugated eicosadienoic, eicosatrienoic, 
heneicosadienoic acids and other metabolites of conjugated linoleic acid, Biochim 
Biophys Acta 1687 (1-3), 120-9, 2005. 

4. Park, Y., Albright, K. J., Storkson, J. M., Liu, W., Cook, M. E., and Pariza, M. W., 
Changes in body composition in mice during feeding and withdrawal of conjugated 
linoleic acid, Lipids 34 (3), 243-8, 1999. 

5. Bhattacharya, A., Rahman, M. M., Sun, D., Lawrence, R., Mejia, W., McCarter, R., 
O'Shea, M., and Fernandes, G., The combination of dietary conjugated linoleic acid 
and treadmill exercise lowers gain in body fat mass and enhances lean body mass in 
high fat-fed male Balb/C mice, J Nutr 135 (5), 1124-30, 2005. 

  



 

6. Mirand, P. P., Arnal-Bagnard, M. A., Mosoni, L., Faulconnier, Y., Chardigny, J. M., 
and Chilliard, Y., Cis-9, trans-11 and trans-10, cis-12 conjugated linoleic acid isomers 
do not modify body composition in adult sedentary or exercised rats, J Nutr 134 (9), 
2263-9, 2004. 

7. Iacazio, G., Easy access to various natural keto polyunsaturated fatty acids and their 
corresponding racemic alcohols, Chem Phys Lipids 125 (2), 115-21, 2003. 

8. Hamalainen, T. I., Sundberg, S., Hase, T., and Hopia, A., Stereochemistry of the 
hydroperoxides formed during autoxidation of CLA methyl ester in the presence of 
alpha-tocopherol, Lipids 37 (6), 533-40, 2002. 

9. Burger, F., Krieg, P., Marks, F., and Furstenberger, G., Positional- and 
stereo-selectivity of fatty acid oxygenation catalysed by mouse (12S)-lipoxygenase 
isoenzymes, Biochem J 348 Pt 2, 329-35, 2000. 

10. Sehat, N., Kramer, J. K., Mossoba, M. M., Yurawecz, M. P., Roach, J. A., Eulitz, 
K., Morehouse, K. M., and Ku, Y., Identification of conjugated linoleic acid isomers 
in cheese by gas chromatography, silver ion high performance liquid chromatography 
and mass spectral reconstructed ion profiles. Comparison of chromatographic elution 
sequences, Lipids 33 (10), 963-71, 1998. 

11. Parodi, P. W., Cows' milk fat components as potential anticarcinogenic agents, J 
Nutr 127 (6), 1055-60, 1997. 

12. Gruffat, D., De La Torre, A., Chardigny, J. M., Durand, D., Loreau, O., and 
Bauchart, D., Vaccenic acid metabolism in the liver of rat and bovine, Lipids 40 (3), 
295-301, 2005. 

13. Lock, A. L. and Bauman, D. E., Modifying milk fat composition of dairy cows to 
enhance fatty acids beneficial to human health, Lipids 39 (12), 1197-206, 2004. 

14. Kay, J. K., Mackle, T. R., Auldist, M. J., Thomson, N. A., and Bauman, D. E., 
Endogenous synthesis of cis-9, trans-11 conjugated linoleic acid in dairy cows fed 
fresh pasture, J Dairy Sci 87 (2), 369-78, 2004. 

15. Luna, P., Fontecha, J., Juarez, M., and de la Fuente, M. A., Conjugated linoleic 
acid in ewe milk fat, J Dairy Res 72 (4), 415-24, 2005. 

16. Luna, P., de la Fuente, M. A., and Juarez, M., Conjugated linoleic acid in 
processed cheeses during the manufacturing stages, J Agric Food Chem 53 (7), 
2690-5, 2005. 

  



 

17. Destaillats, F., Trottier, J. P., Galvez, J. M., and Angers, P., Analysis of 
alpha-linolenic acid biohydrogenation intermediates in milk fat with emphasis on 
conjugated linolenic acids, J Dairy Sci 88 (9), 3231-9, 2005. 

18. Destaillats, F., Japiot, C., Chouinard, P. Y., Arul, J., and Angers, P., Short 
communication: rearrangement of rumenic Acid in ruminant fats: a marker of thermal 
treatment, J Dairy Sci 88 (5), 1631-5, 2005. 

19. Ma, D. W., Wierzbicki, A. A., Field, C. J., and Clandinin, M. T., Conjugated 
linoleic acid in canadian dairy and beef products, J Agric Food Chem 47 (5), 1956-60, 
1999. 

20. Jiang, J., Wolk, A., and Vessby, B., Relation between the intake of milk fat and the 
occurrence of conjugated linoleic acid in human adipose tissue, Am J Clin Nutr 70 (1), 
21-7, 1999. 

21. Baylin, A., Kabagambe, E. K., Siles, X., and Campos, H., Adipose tissue 
biomarkers of fatty acid intake, Am J Clin Nutr 76 (4), 750-7, 2002. 

22. Wolk, A., Furuheim, M., and Vessby, B., Fatty acid composition of adipose tissue 
and serum lipids are valid biological markers of dairy fat intake in men, J Nutr 131 
(3), 828-33, 2001. 

23. AbuGhazaleh, A. A., Schingoethe, D. J., Hippen, A. R., and Kalscheur, K. F., Milk 
conjugated linoleic acid response to fish oil supplementation of diets differing in fatty 
acid profiles, J Dairy Sci 86 (3), 944-53, 2003. 

24. Boue, C., Combe, N., Billeaud, C., Mignerot, C., Entressangles, B., Thery, G., 
Geoffrion, H., Brun, J. L., Dallay, D., and Leng, J. J., Trans fatty acids in adipose 
tissue of French women in relation to their dietary sources, Lipids 35 (5), 561-6, 2000. 

25. Polan, C. E., McNeill, J. J., and Tove, S. B., Biohydrogenation of Unsaturated 
Fatty Acids by Rumen Bacteria, J Bacteriol 88, 1056-64, 1964. 

26. Hughes, P. E., Hunter, W. J., and Tove, S. B., Biohydrogenation of unsaturated 
fatty acids. Purification and properties of cis-9,trans-11-octadecadienoate reductase, J 
Biol Chem 257 (7), 3643-9, 1982. 

27. Inouye, M., Hashimoto, H., Mio, T., and Sumino, K., Levels of lipid peroxidation 
product and glycated hemoglobin A1c in the erythrocytes of diabetic patients, Clin 
Chim Acta 276 (2), 163-72, 1998. 

  



 

28. Palmquist, D. L., Lock, A. L., Shingfield, K. J., and Bauman, D. E., Biosynthesis 
of conjugated linoleic Acid in ruminants and humans, Adv Food Nutr Res 50, 179-217, 
2005. 

29. Delmonte, P., Roach, J. A., Mossoba, M. M., Losi, G., and Yurawecz, M. P., 
Synthesis, isolation, and GC analysis of all the 6,8- to 13,15-cis/trans conjugated 
linoleic acid isomers, Lipids 39 (2), 185-91, 2004. 

30. Delmonte, P., Kataok, A., Corl, B. A., Bauman, D. E., and Yurawecz, M. P., 
Relative retention order of all isomers of cis/trans conjugated linoleic acid FAME 
from the 6,8- to 13,15-positions using silver ion HPLC with two elution systems, 
Lipids 40 (5), 509-14, 2005. 

31. Turpeinen, A. M., Mutanen, M., Aro, A., Salminen, I., Basu, S., Palmquist, D. L., 
and Griinari, J. M., Bioconversion of vaccenic acid to conjugated linoleic acid in 
humans, Am J Clin Nutr 76 (3), 504-10, 2002. 

32. Santora, J. E., Palmquist, D. L., and Roehrig, K. L., Trans-vaccenic acid is 
desaturated to conjugated linoleic acid in mice, J Nutr 130 (2), 208-15, 2000. 

33. Griinari, J. and Bauman, D., Biosynthesis of conjugated linoleic acid in its 
incorporation into meat and milk ruminants., Advances in Conjugated Linoleic Acid 
Research, Volume 1. Champaign, IL: AOCS Press, 180-200, 1999. 

34. TANAKA, K., Occurrence of conjugated linoleic acid in ruminant products and its 
physiological functions, Animal Science Journal 76, 291-303, 2005. 

35. Ogawa, J., Kishino, S., Ando, A., Sugimoto, S., Mihara, K., and Shimizu, S., 
Production of conjugated fatty acids by lactic acid bacteria, J Biosci Bioeng 100 (4), 
355-64, 2005. 

36. Ho, S. S. and Pal, S., Conjugated linoleic acid suppresses the secretion of 
atherogenic lipoproteins from human HepG2 liver cells, Asia Pac J Clin Nutr 13 
(Suppl), S70, 2004. 

37. Yamasaki, M., Nishida, E., Nou, S., Tachibana, H., and Yamada, K., Cytotoxity of 
the trans10,cis12 isomer of conjugated linoleic acid on rat hepatoma and its 
modulation by other fatty acids, tocopherol, and tocotrienol, In Vitro Cell Dev Biol 
Anim 41 (7), 239-44, 2005. 

38. Yamasaki, M., Miyamoto, Y., Chujo, H., Nishiyama, K., Tachibana, H., and 
Yamada, K., Trans10, cis12-conjugated linoleic acid induces mitochondria-related 

  



 

apoptosis and lysosomal destabilization in rat hepatoma cells, Biochim Biophys Acta 
1735 (3), 176-84, 2005. 

39. Blankson, H., Stakkestad, J. A., Fagertun, H., Thom, E., Wadstein, J., and 
Gudmundsen, O., Conjugated linoleic acid reduces body fat mass in overweight and 
obese humans, J Nutr 130 (12), 2943-8, 2000. 

40. Lee, J. H., Cho, K. H., Lee, K. T., and Kim, M. R., Antiatherogenic effects of 
structured lipid containing conjugated linoleic acid in C57BL/6J mice, J Agric Food 
Chem 53 (18), 7295-301, 2005. 

41. Yamasaki, M., Kitagawa, T., Chujo, H., Koyanagi, N., Nishida, E., Nakaya, M., 
Yoshimi, K., Maeda, H., Nou, S., Iwata, T., Ogita, K., Tachibana, H., and Yamada, K., 
Physiological difference between free and triglyceride-type conjugated linoleic acid 
on the immune function of C57BL/6N mice, J Agric Food Chem 52 (11), 3644-8, 
2004. 

42. Poirier, H., Rouault, C., Clement, L., Niot, I., Monnot, M. C., Guerre-Millo, M., 
and Besnard, P., Hyperinsulinaemia triggered by dietary conjugated linoleic acid is 
associated with a decrease in leptin and adiponectin plasma levels and pancreatic beta 
cell hyperplasia in the mouse, Diabetologia 48 (6), 1059-65, 2005. 

43. Park, Y., Albright, K. J., and Pariza, M. W., Effects of conjugated linoleic acid on 
long term feeding in Fischer 344 rats, Food Chem Toxicol 43 (8), 1273-9, 2005. 

44. Sharma, A. M. and Chetty, V. T., Obesity, hypertension and insulin resistance, 
Acta Diabetol 42 Suppl 1, S3-8, 2005. 

45. Singhal, A., Endothelial dysfunction: role in obesity-related disorders and the 
early origins of CVD, Proc Nutr Soc 64 (1), 15-22, 2005. 

46. Zhang, F., Chen, Y., Heiman, M., and Dimarchi, R., Leptin: structure, function and 
biology, Vitam Horm 71, 345-72, 2005. 

47. Bates, S. H., Kulkarni, R. N., Seifert, M., and Myers, M. G., Jr., Roles for leptin 
receptor/STAT3-dependent and -independent signals in the regulation of glucose 
homeostasis, Cell Metab 1 (3), 169-78, 2005. 

48. Park, H. S., Park, J. Y., and Yu, R., Relationship of obesity and visceral adiposity 
with serum concentrations of CRP, TNF-alpha and IL-6, Diabetes Res Clin Pract 69 
(1), 29-35, 2005. 

49. Mandato, C., Lucariello, S., Licenziati, M. R., Franzese, A., Spagnuolo, M. I., 
Ficarella, R., Pacilio, M., Amitrano, M., Capuano, G., Meli, R., and Vajro, P., 

  



 

Metabolic, hormonal, oxidative, and inflammatory factors in pediatric obesity-related 
liver disease, J Pediatr 147 (1), 62-6, 2005. 

50. Trayhurn, P., Adipose tissue in obesity--an inflammatory issue, Endocrinology 146 
(3), 1003-5, 2005. 

51. Wellen, K. E. and Hotamisligil, G. S., Inflammation, stress, and diabetes, J Clin 
Invest 115 (5), 1111-9, 2005. 

52. Trayhurn, P. and Wood, I. S., Signalling role of adipose tissue: adipokines and 
inflammation in obesity, Biochem Soc Trans 33 (Pt 5), 1078-81, 2005. 

53. Appel, S. J., Harrell, J. S., and Davenport, M. L., Central Obesity, the Metabolic 
Syndrome, and Plasminogen Activator Inhibitor-1 in Young Adults, J Am Acad Nurse 
Pract 17 (12), 535-541, 2005. 

54. Druet, C., Tubiana-Rufi, N., Chevenne, D., Rigal, O., Polak, M., and 
Levy-Marchal, C., Characterization of Insulin Secretion and Resistance in Type 2 
Diabetes of Adolescents, J Clin Endocrinol Metab, 2005. 

55. Grove, K. L., Grayson, B. E., Glavas, M. M., Xiao, X. Q., and Smith, M. S., 
Development of metabolic systems, Physiol Behav, 2005. 

56. Volek, J. S. and Feinman, R. D., Carbohydrate restriction improves the features of 
Metabolic Syndrome. Metabolic Syndrome may be defined by the response to 
carbohydrate restriction, Nutr Metab (Lond) 2 (1), 31, 2005. 

57. Chaldakov, G. N., Fiore, M., Hristova, M. G., and Aloe, L., Metabotrophic 
potential of neurotrophins:implication in obesity and related diseases?, Med Sci Monit 
9 (10), HY19-21, 2003. 

58. Hristova, M. and Aloe, L., Metabolic syndrome - Neurotrophic hypothesis, Med 
Hypotheses, 2005. 

59. Duff, E. and Baile, C. A., Ciliary neurotrophic factor: a role in obesity?, Nutr Rev 
61 (12), 423-6, 2003. 

60. Xu, H., Barnes, G. T., Yang, Q., Tan, G., Yang, D., Chou, C. J., Sole, J., Nichols, A., 
Ross, J. S., Tartaglia, L. A., and Chen, H., Chronic inflammation in fat plays a crucial 
role in the development of obesity-related insulin resistance, J Clin Invest 112 (12), 
1821-30, 2003. 

61. Trayhurn, P. and Wood, I. S., Adipokines: inflammation and the pleiotropic role of 
white adipose tissue, Br J Nutr 92 (3), 347-55, 2004. 

  



 

62. Yue, G. P., Du, L. R., Xia, T., He, X. H., Qiu, H., Xu, L. H., Chen, X. D., Feng, S. 
Q., and Yang, Z. Q., One in vitro model for visceral adipose-derived fibroblasts in 
chronic inflammation, Biochem Biophys Res Commun 333 (3), 850-7, 2005. 

63. Bouloumie, A., Curat, C. A., Sengenes, C., Lolmede, K., Miranville, A., and 
Busse, R., Role of macrophage tissue infiltration in metabolic diseases, Curr Opin 
Clin Nutr Metab Care 8 (4), 347-54, 2005. 

64. Cottam, D. R., Mattar, S. G., Barinas-Mitchell, E., Eid, G., Kuller, L., Kelley, D. E., 
and Schauer, P. R., The chronic inflammatory hypothesis for the morbidity associated 
with morbid obesity: implications and effects of weight loss, Obes Surg 14 (5), 
589-600, 2004. 

65. Lin, Y. T., Tang, C. H., Chuang, W. J., Wang, S. M., Huang, T. F., and Fu, W. M., 
Inhibition of adipogenesis by RGD-dependent disintegrin, Biochem Pharmacol 70 
(10), 1469-78, 2005. 

66. Demeulemeester, D., Collen, D., and Lijnen, H. R., Effect of matrix 
metalloproteinase inhibition on adipose tissue development, Biochem Biophys Res 
Commun 329 (1), 105-10, 2005. 

67. Chavey, C., Mari, B., Monthouel, M. N., Bonnafous, S., Anglard, P., Van 
Obberghen, E., and Tartare-Deckert, S., Matrix metalloproteinases are differentially 
expressed in adipose tissue during obesity and modulate adipocyte differentiation, J 
Biol Chem 278 (14), 11888-96, 2003. 

68. Poulos, S. P., Sisk, M., Hausman, D. B., Azain, M. J., and Hausman, G. J., Pre- 
and postnatal dietary conjugated linoleic acid alters adipose development, body 
weight gain and body composition in Sprague-Dawley rats, J Nutr 131 (10), 2722-31, 
2001. 

69. Belury, M. A., DIETARY CONJUGATED LINOLEIC ACID IN HEALTH: 
Physiological Effects and Mechanisms of Action, Annu Rev Nutr 22, 505-31., 2002. 

70. Yamasaki, M., Mansho, K., Mishima, H., Kimura, G., Sasaki, M., Kasai, M., 
Tachibana, H., and Yamada, K., Effect of dietary conjugated linoleic acid on lipid 
peroxidation and histological change in rat liver tissues, J Agric Food Chem 48 (12), 
6367-71, 2000. 

71. House, R. L., Cassady, J. P., Eisen, E. J., Eling, T. E., Collins, J. B., Grissom, S. F., 
and Odle, J., Functional genomic characterization of delipidation elicited by trans-10, 
cis-12-conjugated linoleic acid (t10c12-CLA) in a polygenic obese line of mice, 
Physiol Genomics 21 (3), 351-61, 2005. 

  



 

72. House, R. L., Cassady, J. P., Eisen, E. J., McIntosh, M. K., and Odle, J., 
Conjugated linoleic acid evokes de-lipidation through the regulation of genes 
controlling lipid metabolism in adipose and liver tissue, Obes Rev 6 (3), 247-58, 2005. 

73. Park, Y., Storkson, J. M., Liu, W., Albright, K. J., Cook, M. E., and Pariza, M. W., 
Structure-activity relationship of conjugated linoleic acid and its cognates in 
inhibiting heparin-releasable lipoprotein lipase and glycerol release from fully 
differentiated 3T3-L1 adipocytes, J Nutr Biochem 15 (9), 561-8, 2004. 

74. Evans, M., Brown, J., and McIntosh, M., Isomer-specific effects of conjugated 
linoleic acid (CLA) on adiposity and lipid metabolism, J Nutr Biochem 13 (9), 508, 
2002. 

75. Tricon, S., Burdge, G. C., Williams, C. M., Calder, P. C., and Yaqoob, P., The 
effects of conjugated linoleic acid on human health-related outcomes, Proc Nutr Soc 
64 (2), 171-82, 2005. 

76. Lamarche, B. and Desroches, S., Metabolic syndrome and effects of conjugated 
linoleic acid in obesity and lipoprotein disorders: the Quebec experience, Am J Clin 
Nutr 79 (6 Suppl), 1149S-1152S, 2004. 

77. Carta, G., Angioni, E., Murru, E., Melis, M. P., Spada, S., and Banni, S., 
Modulation of lipid metabolism and vitamin A by conjugated linoleic acid, 
Prostaglandins Leukot Essent Fatty Acids 67 (2-3), 187-91, 2002. 

78. Poirier, H., Niot, I., Clement, L., Guerre-Millo, M., and Besnard, P., Development 
of conjugated linoleic acid (CLA)-mediated lipoatrophic syndrome in the mouse, 
Biochimie 87 (1), 73-9, 2005. 

79. Friedman, J. M., Obesity in the new millennium, Nature 404 (6778), 632-4, 2000. 

80. Spiegelman, B. M. and Flier, J. S., Obesity and the regulation of energy balance, 
Cell 104 (4), 531-43, 2001. 

81. Neal, J. W. and Clipstone, N. A., A constitutively active NFATc1 mutant induces a 
transformed phenotype in 3T3-L1 fibroblasts, J Biol Chem 278 (19), 17246-54, 2003. 

82. Russell, T. R. and Ho, R., Conversion of 3T3 fibroblasts into adipose cells: 
triggering of differentiation by prostaglandin F2alpha and 1-methyl-3-isobutyl 
xanthine, Proc Natl Acad Sci U S A 73 (12), 4516-20, 1976. 

83. Toscani, A., Soprano, D. R., and Soprano, K. J., Sodium butyrate in combination 
with insulin or dexamethasone can terminally differentiate actively proliferating 
Swiss 3T3 cells into adipocytes, J Biol Chem 265 (10), 5722-30, 1990. 

  



 

84. Rosen, E. D., Hsu, C. H., Wang, X., Sakai, S., Freeman, M. W., Gonzalez, F. J., 
and Spiegelman, B. M., C/EBPalpha induces adipogenesis through PPARgamma: a 
unified pathway, Genes Dev 16 (1), 22-6., 2002. 

85. Fu, M., Sun, T., Bookout, A. L., Downes, M., Yu, R. T., Evans, R. M., and 
Mangelsdorf, D. J., A Nuclear Receptor Atlas: 3T3-L1 adipogenesis, Mol Endocrinol 
19 (10), 2437-50, 2005. 

86. Doi, H., Masaki, N., Takahashi, H., Komatsu, H., Fujimori, K., and Satomi, S., A 
new preadipocyte cell line, AP-18, established from adult mouse adipose tissue, 
Tohoku J Exp Med 207 (3), 209-16, 2005. 

87. Boudina, S., Sena, S., O'Neill, B. T., Tathireddy, P., Young, M. E., and Abel, E. D., 
Reduced mitochondrial oxidative capacity and increased mitochondrial uncoupling 
impair myocardial energetics in obesity, Circulation 112 (17), 2686-95, 2005. 

88. Lee, H. K., Park, K. S., Cho, Y. M., Lee, Y. Y., and Pak, Y. K., Mitochondria-based 
model for fetal origin of adult disease and insulin resistance, Ann N Y Acad Sci 1042, 
1-18, 2005. 

89. Parish, R. and Petersen, K. F., Mitochondrial dysfunction and type 2 diabetes, 
Curr Diab Rep 5 (3), 177-83, 2005. 

90. Brand, M. D. and Esteves, T. C., Physiological functions of the mitochondrial 
uncoupling proteins UCP2 and UCP3, Cell Metab 2 (2), 85-93, 2005. 

91. Ricquier, D., Respiration uncoupling and metabolism in the control of energy 
expenditure, Proc Nutr Soc 64 (1), 47-52, 2005. 

92. Koves, T. R., Li, P., An, J., Akimoto, T., Slentz, D., Ilkayeva, O., Dohm, G. L., Yan, 
Z., Newgard, C. B., and Muoio, D. M., Peroxisome proliferator-activated 
receptor-gamma co-activator 1alpha-mediated metabolic remodeling of skeletal 
myocytes mimics exercise training and reverses lipid-induced mitochondrial 
inefficiency, J Biol Chem 280 (39), 33588-98, 2005. 

93. McCarty, M. F., Up-regulation of PPARgamma coactivator-1alpha as a strategy 
for preventing and reversing insulin resistance and obesity, Med Hypotheses 64 (2), 
399-407, 2005. 

94. Hotamisligil, G. S., Role of Endoplasmic Reticulum Stress and c-Jun 
NH2-Terminal Kinase Pathways in Inflammation and Origin of Obesity and Diabetes, 
Diabetes 54 (suppl_2), S73-S78, 2005. 

  



 

95. Ozcan, U., Cao, Q., Yilmaz, E., Lee, A. H., Iwakoshi, N. N., Ozdelen, E., 
Tuncman, G., Gorgun, C., Glimcher, L. H., and Hotamisligil, G. S., Endoplasmic 
reticulum stress links obesity, insulin action, and type 2 diabetes, Science 306 (5695), 
457-61, 2004. 

96. Demizieux, L., Degrace, P., Gresti, J., Loreau, O., Noel, J. P., Chardigny, J. M., 
Sebedio, J. L., and Clouet, P., Conjugated linoleic acid isomers in mitochondria: 
evidence for an alteration of fatty acid oxidation, J Lipid Res 43 (12), 2112-22., 2002. 

97. Palacios, A., Piergiacomi, V., and Catala, A., Antioxidant effect of conjugated 
linoleic acid and vitamin A during non enzymatic lipid peroxidation of rat liver 
microsomes and mitochondria, Mol Cell Biochem 250 (1-2), 107-13, 2003. 

98. Hoffmann, K., Blaudszun, J., Brunken, C., Hopker, W. W., Tauber, R., and 
Steinhart, H., Distribution of polyunsaturated fatty acids including conjugated linoleic 
acids in total and subcellular fractions from healthy and cancerous parts of human 
kidneys, Lipids 40 (3), 309-15, 2005. 

99. Nagy, L., Tontonoz, P., Alvarez, J. G., Chen, H., and Evans, R. M., Oxidized LDL 
regulates macrophage gene expression through ligand activation of PPARgamma, Cell 
93 (2), 229-40, 1998. 

100. Takahashi, Y., Kushiro, M., Shinohara, K., and Ide, T., Dietary conjugated 
linoleic acid reduces body fat mass and affects gene expression of proteins regulating 
energy metabolism in mice, Comp Biochem Physiol B Biochem Mol Biol 133 (3), 
395-404, 2002. 

101. Granlund, L., Pedersen, J. I., and Nebb, H. I., Impaired lipid accumulation by 
trans10, cis12 CLA during adipocyte differentiation is dependent on timing and length 
of treatment, Biochim Biophys Acta 1687 (1-3), 11-22, 2005. 

102. Brown, J. M., Boysen, M. S., Chung, S., Fabiyi, O., Morrison, R. F., Mandrup, S., 
and McIntosh, M. K., Conjugated linoleic acid induces human adipocyte delipidation: 
autocrine/paracrine regulation of MEK/ERK signaling by adipocytokines, J Biol 
Chem 279 (25), 26735-47, 2004. 

103. Mora, S. and Pessin, J. E., An adipocentric view of signaling and intracellular 
trafficking, Diabetes Metab Res Rev 18 (5), 345-56, 2002. 

104. Yamasaki, M., Mansho, K., Ogino, Y., Kasai, M., Tachibana, H., and Yamada, K., 
Acute reduction of serum leptin level by dietary conjugated linoleic acid in 
Sprague-Dawley rats, Journal of Nutritional Biochemistry. [ print] 11 (9), 467-471, 
2000. 

  



 

105. Jian, W. X., Yang, Y. J., Long, J. R., Li, Y. N., Deng, F. Y., Jiang, D. K., and Deng, 
H. W., Estrogen receptor alpha gene relationship with peak bone mass and body mass 
index in Chinese nuclear families, J Hum Genet 50 (9), 477-82, 2005. 

106. Burris, T. P., Montrose, C., Houck, K. A., Osborne, H. E., Bocchinfuso, W. P., 
Yaden, B. C., Cheng, C. C., Zink, R. W., Barr, R. J., Hepler, C. D., Krishnan, V., 
Bullock, H. A., Burris, L. L., Galvin, R. J., Bramlett, K., and Stayrook, K. R., The 
hypolipidemic natural product guggulsterone is a promiscuous steroid receptor ligand, 
Mol Pharmacol 67 (3), 948-54, 2005. 

107. Sweeney, C., Blair, C. K., Anderson, K. E., Lazovich, D., and Folsom, A. R., 
Risk factors for breast cancer in elderly women, Am J Epidemiol 160 (9), 868-75, 
2004. 

108. Nagira, K., Saito, S., Wada, T., Fukui, K., Ikubo, M., Hori, S., Tsuneki, H., 
Kobayashi, M., and Sasaoka, T., Altered Subcellular Distribution of Estrogen 
Receptor {alpha} is Implicated in Estradiol-Induced Dual Regulation of Insulin 
Signaling in 3T3-L1 Adipocytes, Endocrinology, 2005. 

109. Cooke, P. S. and Naaz, A., Effects of estrogens and the phytoestrogen genistein 
on adipogenesis and lipogenesis in males and females, Birth Defects Res A Clin Mol 
Teratol 73 (7), 472-3, 2005. 

110. Tanmahasamut, P., Liu, J., Hendry, L. B., and Sidell, N., Conjugated linoleic acid 
blocks estrogen signaling in human breast cancer cells, J Nutr 134 (3), 674-80, 2004. 

111. Durgam, V. R. and Fernandes, G., The growth inhibitory effect of conjugated 
linoleic acid on MCF-7 cells is related to estrogen response system, Cancer Lett 116 
(2), 121-30, 1997. 

112. Liu, J. and Sidell, N., Anti-estrogenic Effects of Conjugated Linoleic Acid 
through Modulation of Estrogen Receptor Phosphorylation, Breast Cancer Res Treat 
94 (2), 161-9, 2005. 

113. Metzger, D., Imai, T., Jiang, M., Takukawa, R., Desvergne, B., Wahli, W., and 
Chambon, P., Functional role of RXRs and PPARgamma in mature adipocytes, 
Prostaglandins Leukot Essent Fatty Acids 73 (1), 51-8, 2005. 

114. Villarroya, F., Iglesias, R., and Giralt, M., Retinoids and retinoid receptors in the 
control of energy balance: novel pharmacological strategies in obesity and diabetes, 
Curr Med Chem 11 (6), 795-805, 2004. 

  



 

115. Ogilvie, K. M., Saladin, R., Nagy, T. R., Urcan, M. S., Heyman, R. A., and 
Leibowitz, M. D., Activation of the retinoid X receptor suppresses appetite in the rat, 
Endocrinology 145 (2), 565-73, 2004. 

116. Iwaki, M., Matsuda, M., Maeda, N., Funahashi, T., Matsuzawa, Y., Makishima, 
M., and Shimomura, I., Induction of adiponectin, a fat-derived antidiabetic and 
antiatherogenic factor, by nuclear receptors, Diabetes 52 (7), 1655-63, 2003. 

117. Ghanim, H., Aljada, A., Hofmeyer, D., Syed, T., Mohanty, P., and Dandona, P., 
Circulating mononuclear cells in the obese are in a proinflammatory state, Circulation 
110 (12), 1564-71, 2004. 

118. Sun, Z. and Andersson, R., NF-kappaB activation and inhibition: a review, Shock 
18 (2), 99-106, 2002. 

119. Peeraully, M. R., Jenkins, J. R., and Trayhurn, P., NGF gene expression and 
secretion in white adipose tissue: regulation in 3T3-L1 adipocytes by hormones and 
inflammatory cytokines, Am J Physiol Endocrinol Metab 287 (2), E331-9, 2004. 

120. Sonnenberg, G. E., Krakower, G. R., and Kissebah, A. H., A novel pathway to the 
manifestations of metabolic syndrome, Obes Res 12 (2), 180-6, 2004. 

121. Vincent, H. K. and Taylor, A. G., Biomarkers and potential mechanisms of 
obesity-induced oxidant stress in humans, Int J Obes (Lond), 2005. 

122. Furukawa, S., Fujita, T., Shimabukuro, M., Iwaki, M., Yamada, Y., Nakajima, Y., 
Nakayama, O., Makishima, M., Matsuda, M., and Shimomura, I., Increased oxidative 
stress in obesity and its impact on metabolic syndrome, J Clin Invest 114 (12), 
1752-61, 2004. 

123. Piche, M. E., Lemieux, S., Weisnagel, S. J., Corneau, L., Nadeau, A., and 
Bergeron, J., Relation of high-sensitivity C-reactive protein, interleukin-6, tumor 
necrosis factor-alpha, and fibrinogen to abdominal adipose tissue, blood pressure, and 
cholesterol and triglyceride levels in healthy postmenopausal women, Am J Cardiol 
96 (1), 92-7, 2005. 

124. Behre, C. J., Fagerberg, B., Hulten, L. M., and Hulthe, J., The reciprocal 
association of adipocytokines with insulin resistance and C-reactive protein in 
clinically healthy men, Metabolism 54 (4), 439-44, 2005. 

125. Matarese, G., Moschos, S., and Mantzoros, C. S., Leptin in immunology, J 
Immunol 174 (6), 3137-42, 2005. 

  



 

126. Robker, R. L., Collins, R. G., Beaudet, A. L., Mersmann, H. J., and Smith, C. W., 
Leukocyte migration in adipose tissue of mice null for ICAM-1 and Mac-1 adhesion 
receptors, Obes Res 12 (6), 936-40, 2004. 

127. O'Shea, M., Bassaganya-Riera, J., and Mohede, I. C., Immunomodulatory 
properties of conjugated linoleic acid, Am J Clin Nutr 79 (6 Suppl), 1199S-1206S, 
2004. 

128. Albers, R., van der Wielen, R. P., Brink, E. J., Hendriks, H. F., Dorovska-Taran, 
V. N., and Mohede, I. C., Effects of cis-9, trans-11 and trans-10, cis-12 conjugated 
linoleic acid (CLA) isomers on immune function in healthy men, Eur J Clin Nutr 57 
(4), 595-603, 2003. 

129. Schopfer, F. J., Lin, Y., Baker, P. R., Cui, T., Garcia-Barrio, M., Zhang, J., Chen, 
K., Chen, Y. E., and Freeman, B. A., Nitrolinoleic acid: an endogenous peroxisome 
proliferator-activated receptor gamma ligand, Proc Natl Acad Sci U S A 102 (7), 
2340-5, 2005. 

130. Cheng, W. L., Lii, C. K., Chen, H. W., Lin, T. H., and Liu, K. L., Contribution of 
conjugated linoleic acid to the suppression of inflammatory responses through the 
regulation of the NF-kappaB pathway, J Agric Food Chem 52 (1), 71-8, 2004. 

131. Iwakiri, Y., Sampson, D. A., and Allen, K. G., Suppression of cyclooxygenase-2 
and inducible nitric oxide synthase expression by conjugated linoleic acid in murine 
macrophages, Prostaglandins Leukot Essent Fatty Acids 67 (6), 435-43, 2002. 

132. Harris, M. A., Hansen, R. A., Vidsudhiphan, P., Koslo, J. L., Thomas, J. B., 
Watkins, B. A., and Allen, K. G., Effects of conjugated linoleic acids and 
docosahexaenoic acid on rat liver and reproductive tissue fatty acids, prostaglandins 
and matrix metalloproteinase production, Prostaglandins Leukot Essent Fatty Acids 
65 (1), 23-9, 2001. 

133. Bokarewa, M., Nagaev, I., Dahlberg, L., Smith, U., and Tarkowski, A., Resistin, 
an adipokine with potent proinflammatory properties, J Immunol 174 (9), 5789-95, 
2005. 

134. Chung, S., Brown, J. M., Provo, J. N., Hopkins, R., and McIntosh, M. K., 
Conjugated Linoleic Acid Promotes Human Adipocyte Insulin Resistance through 
NF{kappa}B-dependent Cytokine Production, J Biol Chem 280 (46), 38445-56, 2005. 

135. Leung, Y. H. and Liu, R. H., trans-10,cis-12-conjugated linoleic acid isomer 
exhibits stronger oxyradical scavenging capacity than cis-9,trans-11-conjugated 
linoleic acid isomer, J Agric Food Chem 48 (11), 5469-75, 2000.  

  



 

 

  


