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The acquisition of obesity: insights from cellular and genetic research

Martin Wabitsch
Department of Pediatrics, University of Ulm, Prittwitzstr. 43, 89075 Ulm, Germany

The acquisition of increased adipose tissue mass in man occurs during prolonged periods of
positive energy balance. Normally, energy homeostasis in children and adults is regulated strictly
and the energy stores are kept within the defined age-dependent physiological range.
Susceptibility to definitive increases in the level of energy balance during times of reduced energy
consumption or increased energy intake, leading to changes in body composition and/or changes
in relative body weight, seems to be genetically determined. Although at present much
information on the regulation of energy homeostasis and related unfavourable factors exists from
animal studies, knowledge of the regulation of energy balance in human subjects is still
insufficient. Some evidence on relevant factors involved in the regulation of energy balance in
man has been obtained from epidemiological data, as well as from studies of patients with rare
monogenetic forms of obesity. In the present article a special focus will be put on the regulation
of body energy stores at the level of the adipose tissue, with emphasis on the regulation of human
adipocyte differentiation. In addition to the currently intensive scientific interest in the central
regulation of energy homeostasis in man, there is sufficient evidence to support the idea that the
acquisition of an increased adipose tissue mass is also dependent on the susceptibility of
pre-adipocytes to proliferate, to differentiate or to enter into apoptosis.

Obesity: Childhood: Adipose tissue

General considerations about the regulation of the The latter seems to be an important trigger for pubertal
body’s energy stores development. The marked changes in body composition and
body growth during childhood until adulthood occur in as

During adult life the energy content of the body remains __ . . .
. . : : strict a physiological framework as does the control of body
generally stable over time, with only minor long-term weight and body composition.

changes. Rosenbaum & Leibel (1998) recently summarized Changes in body energy content reflect the balance

gu[rent knFowled%e about trfle _regul?tion of thehbody’s enferﬁybetween energy intake and energy expenditure. Energy
alance. From the point of view of energy, the mass of the; : . .
human body can be divided into two different compart- intake is possible normally only by the consumption of food

ments: the lean or fat-free body mass in which energy isWhiCh is partly regulated by hunger and satiety. Energy

stored as carbohydrates and proteins; body fat mass in whic@)l(vﬁ’sndt'ﬁjeree:ggsnﬁgz d;ndalp(?lf ;T\?/Sﬁ:g?rgeiefgggndae: d fionr

organ forthe atorage of racyigycerais i the atipose tissue, TIcren he energy redired for growth
9 9 yay b ' The observation that voluntarily-induced weight loss

in which adipocytes have a mean triacylglycerol content of _ . . O
. . ight be easy to achieve, but that a reduced body weight is
1jg or 17mJ. Changes in the relative and absolute amountg:ary difficult to maintain, demonstrates in addition the

of lean and/or fat body mass will result in changes in the ;

body’s energy contentywhich can, but does not ngecessarilypresence of a regulatory system controlling body energy

also result in chanaes in bod wef ht content which is genetically determined. Similarly, final
9 y Weight. height, body weight and body composition are influenced by

I_Durlng growth and d_e_velopment n .Ch”d.hOOd' body genetic factors, which in a child can be estimated from the
weight and body composition follow physiological changes respective data for the parents. Studies on twins and

(Dugdale, 1975). The growth curve of adipose tissue during . . .
; T oo adoptees have provided evidence that there is a strong
childhood has two maxima: one at birth; the other before thegenetic influence on the development of body weight and

onset of puberty when the increase in fat mass is highest:
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body composition (for summary, see Rosenbaum & Leibel, factors in man. Although there have been a number of
1998). findings from animal studies elucidating the role of

However, longitudinal studies and epidemiological data signalling factors in the control of body weight, it has to be
have shown that changes in the conditions of daily life alsoremembered that most of those findings vary between
result in changes in body weight and body composition. species and cannot be directly extrapolated to the situation
Unlike final height, considerable changes in body weight in human subjects.
can be induced by the environment. The increasing
prevalence of obesity, especially in children and
adolescents, in recent years seems to be mainly attributable
to a marked decrease in physical activity and to aAt present, to our knowledge, six monogenetic forms of
unfavourable change in food consumption patterns inhuman obesity have been identified. All of them have only
surroundings which provide a rich choice of energy-denserecently been described and are very rare endocrine
and high-fat foods. disorders that result in early-onset obesity and a variety of

Interestingly, there is evidence from epidemiological data associated symptoms, as outlined in the following section.
(Troiano & Flegal, 1998) that there is considerable variation
in the susceptibility to weight gain in response to environ-
mental changes. A recent study in human subjects revealed
an unknown specific mechanism responsible for the Montagueet al (1997) were the first to describe two
differing susceptibility to weight gain during overeating in patients with congenital leptin deficiency. Further
an experimental setting (Levimt al. 1999). It is suggested individuals with leptin deficiency in a Turkish family have
that susceptibility to weight gain, and in the same way also been described (Stroketlal 1998). The two children
susceptibility to weight loss, under changing environmental described by Montaguet al (1997) are cousins within a
conditions is likely to be determined genetically, unlike highly consanguinous family of Pakistani origin. The
body energy content and body weiglet se children had a normal birth weight but developed severe

The energy content of the human body is under theobesity within the first months of life. Patient 1 weighed
control of several regulatory systems (e.g. systems regu-86 kg at the age of 8 years and patient 2 weighed 29 kg at the
lating hunger and satiety, body temperature, sympatheticage of 2 years. Both children were of normal height when
nervous system and several others), the signals of which aréeptin deficiency was diagnosed. The patients were
integrated in the hypothalamus. Obesity results from characterized by hyperphagia due to impaired satiety. The
changes in these regulatory systems, when a lack ofgenetic defect consisted of a deletion of a single guanine
adequate counter regulation occurs and a positive energyucleotide of the leptin gene. The patients are currently
balance is present for a longer time period. Recent scientificbeing treated with recombinant human leptin and are losing
data have clearly refuted the once widespread theory thasignificant weight and adipose tissue mass. These patients
obesity in an individual just reflects a lack of willpower have provided the first evidence that leptin is an important
(Rosenbaum & Leibel, 1998). regulator of energy balance in man.

In addition to these considerations regarding the situation
in the human subject, there is a considerable body of
evidence from animal studies that body weight is regulated
by genetic factors and that the main regulating centres are irClementet al (1998) described patients in one family with a
the brain (Rosenbaum & Leibel, 1998). mutation in the human leptin receptor gene which was

Interestingly, recent investigations of the regulation of associated with obesity and pituitary dysfunction. The
the energy balance in rodents and human subjects havenutation resulted in a truncated leptin receptor lacking both
revealed not only the complex system involved in the transmembrane and the intracellular domains. The
stabilizing energy balance, but have also shown that thepatients were characterized by early-onset morbid obesity,
amount of energy stored in adipose tissue is related toalthough they had a normal birth weight. By contrast with
various biological functions, including the regulation of the two children with leptin deficiency, the sisters affected
growth, puberty, reproduction and the immune system by a leptin receptor defect were detected after the pubertal
(Friedman & Halaas, 1998). period and showed no pubertal development, with a lack of

In principle, all the regulatory systems involved in the detectable mammary glands, sparse pubic hair, no axillar
control of energy balance contain several crucial stepshair and amenorrhoea due to hypogonatotropic hypo-
where candidate genes which might be important for bodygonadism. It is interesting to see that although they were
weight regulation can be found. An updated overview of obese, these patients had no advanced bone age or increased
some of the systems involved in body-weight regulation hasgrowth rate. However, they showed mild growth delay
been published recently (Rosenbaum & Leibel, 1998). during early childhood associated with decreased serum

In the following section findings in patients with rare concentrations of insulin-like growth factor (IGF)-I and
monogenetic forms of obesity are summarized, in order tolGF-binding protein-3. In addition, it is possible that the
provide some insights into these complex regulatory patients could have had hypothalamic hypothyroidism. Like
systems and to learn about the consequences of a defect inthe patients with leptin deficiency, they exhibited hyper-
single gene. It should be emphasized that the informationphagia and an abnormal eating behaviour. These clinical
obtained from these patients currently represents the onlydescriptions of the affected patients indicate that a
data providing conclusive evidence of the effects of thesefunctional leptin receptor is required not only for the

Lesions from monogenetic forms of obesity in man

Congenital leptin deficiency

Leptin receptor defect
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regulation of body weight, but also for sexual maturation animal studies it was already known that a dysfunction in
and for the secretion of growth- and thyrotropic hormones. the a-MSH-melanocortin-4 receptor system can cause
Leptin is, therefore, a potential critical link between energy obesity due to hyperphagia.

stores and hypothalamic pituitary functions in man.

Defect in the peroxisome-proliferator-activated recept@r

Prohormone convertase | defect In a group of 121 obese subjects Ristetval (1998)

Jacksonet al (1997) have described a woman who is identified four patients with a missense mutation in the gene
heterozygous for mutations in the prohormone convertase Ifor peroxisome-proliferator—activated receptor (PPAHR)

(PC 1) gene. Before detecting the genetic defect, the patienThey showed that over-expression of the mutant gene in pre-
had already been described as having extreme childhoodadipocytes was associated with accelerated differentiation.
onset obesity. Special features in this patient were anThe authors suggested that the mutated gene in these
abnormal glucose homeostasis despite low insulin levels,subjects could be the cause of increased adipocyte
and postprandial hypoglycaemia; both features being relatedlifferentiation in their adipose tissue. If so, this would be the
to increased serum concentrations of proinsulin. In addition,only monogenetic form of human obesity described to date
the patient was characterized by hypogonadotropic hypo-in which the genetic defect is not associated with central
gonadism and hypocortisolism. These findings may be regulation of energy homeostasis. However, these findings,
explained by the function of PC 1 which is suggested to beespecially the demonstrated high prevalence of this
defective in this patient. PC 1 acts proximately to carboxy- mutation, need to be confirmed in other cohorts of obese
peptidase E, the enzyme mutated in the fat/fat mouse. PC Datients.

is active in the post-translational processing and sorting of The major characteristics of the monogenetic forms of
prohormones and neuropeptides. Products of PC 1 (andbesity in man are summarized in Table 1.
carboxypeptidase E) action have been implicated in the
neuroendocrine control of energy balance, and include
a-melanocyte-stimulating hormone-MSH) and glucagon-
like peptide-1 derived from pro-opiomelanocortin (POMC)
and proglucagon respectively. A lot of scientific work has focused in the last two decades
on the study of adipose tissue growth and development in
human subjects (Ailhaud & Hauner, 1997). Since the
regulation of energy stores in the human body is a crucial
Krude et al (1998) studied two patients with severe early- part of the complex regulatory system of energy balance,
onset obesity, adrenal insufficiency and red hair and since in the author’s laboratory much effort has been put
pigmentation. Stimulated by the results of studies in animalinto elucidating the regulation of adipose tissue growth,
models, especially in the yellow obese mouse, which differentiation and metabolism, this section will focus on
elucidated a central role farMSH in the regulation of food =~ molecular and biological factors involved in the function of
intake, this group was prompted to search for mutationsadipose tissue as the main energy store in man.

within the POMC gene of these patients. In patient 1 they
found two mutations interfering with synthesis of
adrenocorticotropic hormone andMSH. In patient 2 they
found a mutation which abolishes POMC translation. These.

Regulation of human adipose tissue growth
and development

Pro-opiomelanocortin deficiency

Table 1. Monogenetic causes of non-syndromal obesity in man

two patients provide evidence that defects in POMC Time of

synthesis can result in early-onset obesity and further endo- _ onsetof Pubertal Other specific

crine disorders resulting from the defect in this precursorMutationsinheritance obesity _development features

protein which normally generates the melanocortin peptides,q, Recessive Infancy Impaired? Hyperphagia
adrenocorticotropic hormone aaé, 3- andy-MSH, as well ObR Recessive Infancy Impaired Hyperphagia, pituitary
as the opioid-receptor ligarfdendorphin. Sincei-MSH is dysfunction

a ligand for the melanocortin-4-receptor, which when POMC Recessive Infancy Impaired ? Hyperphagia, adrenal
activated is able to lead to a decrease in food intake (satiety), insufficiency, red

it is evident that the hyperphagia observed in patients with hair pigmentation

POMC deficiency is at least partly due to the lack of PGl Recessive Infancy Normal? HYperphagi;"
a-MSH, which thus seems to be essential for body-weight increased pro-

regulation insulin levels,
9 ' decreased insulin

levels,
Melanocortin-4 receptor defect ) amenorrhoea
) ~MC4-R  Dominant Infancy Normal Hyperphagia
Recently, two reports have been published on a frameshifePARy Dominant? 2 Normal Type-II diabetes
mutation in human melanocortin-4 receptor associated with mellitus ?
a dominant form of obesity (Vaiss al 1998; Yeoet al _ _
1998). A defect in the melanocortin-4 receptor function POMC, pro-opiomelanocortin; PC1, prohormone convertase 1; MC4-R,

. . melanocortin-4 receptor; PPARY, peroxisome-proliferator-activated
leads to a lack of satiety and uncontrolled overeating. From receptor y.

https://doi.org/10.1017/50029665100000367 Published online by Cambridge University Press


https://doi.org/10.1017/S0029665100000367

328 M. Wabitsch

Adipose tissue cellularity during childhood Adipose tissue cellularity during changes in
and adolescence adipose tissue mass

On the basis of their results derived from investigations of At the cellular level, changes in adipose tissue depot size
adipose tissue cellularity, several authors (for summary, segesult from changes in adipocyte volume and adipocyte
Brook, 1976; Knittle, 1976; Haunet al. 198%) were able number. The volume of an adipocyte represents the balance
to identify two sensitive periods for adipose tissue between lipolysis and lipogenesis at the level of a specific
development during childhood: one during the first year of cell. Changes in adipocyte number are the result of either a
life; the second just before puberty. During the first year of multiplication of pre-adipocytes and their subsequent
life the increase in body fat content is mainly due to an differentiation into adipocytes, resulting in an increase in fat
increase in adipocyte volume. Further growth of adiposemass, or de-differentiation or apoptosis of existing
tissue, especially in the second filling period, is suggested toadipocytes, leading to a loss of adipose tissue mass. Several
be mainly due to an increase in fat cell number without factors are involved in the regulation of both adipocyte
significant changes in fat cell volume (Knittle, 1976). volume and number, which also seem to be to a considerable
According to these studies the mean fat cell volume does noextent genetically determined. The physiological regulation
increase between the second year of life and adulthoodof adipocyte volume has been summarized elsewhere
When determining the activity of thymidine kinase in the (Hauner, 1992). The regulation of pre-adipocyte differ-
stromal-vascular fraction of adipose tissue, two periods of entiation and that of fat cell nhumber by inhibition of
high thymidine kinase activity were observed: in the first differentiation, de-differentiation and apoptosis will now be
year of life; in the period just before puberty. The activity of summarized.
this enzyme is a measure of the proliferation activity in this
cell fraction in which pre-adipocytes are also present (Baum
et al 1985). This observation again supports the existence of
two sensitive periods. According to these findings, during An adequaten vitro model for studying human adipocyte
these periods an increase in the number of undifferentiatedlifferentiation and metabolism has been described (Hauner
adipocytes occurs. et al 198%). In the undifferentiated stage these pre-
adipocytes are not distinguishable macroscopically from
fibroblasts. However, during adipose differentiation the
cells change their morphology. They become spherical and
their cytoplasm is slowly filled with multiple lipid droplets
To our knowledge, there is only one study in which which increase in size. These morphological changes result
proliferation and differentiation of pre-adipocytes derived from various biochemical processes during differentiation,
from adipose tissue from children at different ages has beeruntil eventually thein vitro differentiated pre-adipocytes
investigated (Haunest al. 198%). The results of this study possess all the biochemical characteristics of mature fat
showed age-dependent differences in proliferation activity cells.
and differentiation capacity of these cells cultured under Clinical observations demonstrate an important role of
serum-containing conditions. In accordance with the cyclic glucocorticoids, growth hormone, insulin and thyroid
development of fat-free body mass and body fat mass duringhormones in the control of adipose tissue cellularity
growth, it was shown that in the first year of life and in a (Ailhaud & Hauner, 1997). In additiony vitro data have
period just before puberty these cells showed a maximum inshown that these hormones are important regulators of
their proliferation capacity as well as in their differentiation human adipocyte differentiation (Haunet al 198%;
capacity. These data support the concept that theWabitschet al 1996). In ouin vitro studies on human pre-
development of adipose tissue during childhood occursadipocyte differentiation we showed that under serum-free
mainly through the formation of new fat cells during culture conditions, physiological concentrations of insulin,
sensitive periods. These periods might also be sensitivetriiodothyronine and cortisol are sufficient to stimulate
periods for the development of obesity. Several other linesadipose differentiation.
of evidence also obtained from clinical follow-up data have  Furthermore, IGF-I is an important regulator of pre-
recognized the same critical periods in childhood for the adipocyte proliferation, differentiation and possibly also of
aquisition of obesity (Dietz, 1994; Rolland-Cachetaal the metabolism of adipocytes (Wabitsgthal 1995). Since
1984). IGF-I and IGF-binding protein concentrations in the
Another interesting finding in this study was the circulation are influenced by protein intake, it is reasonable
observation that in adipose tissue of children compared withto assume that the action of IGF-I could be an important link
that of adults a much higher percentage of small fat cellsin the nutrition-dependent regulation of adipose tissue
with a diameter below 2Bn can be found. This observation growth and metabolism. In this context it should be
indicates that during childhood there is a higher extent of mentioned that in a follow-up study of nutrition and growth
formation of new fat cells which subsequently increase theirit was demonstrated that a high-protein diet early in life may
volume. Taken together the data from these and more recenncrease the risk of obesity later in life (Rolland-Cachera
studies using serum-free culture conditions show that theet al. 1995). Since protein intakes of formula-fed infants are
formation of new fat cells depends on age and occurs to ahigher than those of breast-fed infants (Heatigl 1993), it
high degree during childhood (Haunet al 198%; can be hypothesized that this factor could partly explain the
Wabitschet al. 1996). demonstrated dose—response effect of duration of breast-

Regulation of pre-adipocyte differentiation in man

Proliferation and differentiation of pre-adipocytes during
childhood and adolescence
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feeding on the prevalence of obesity in children at the age ofapoptosis in human pre-adipocytes and adipocytes (Prins
5 or 6 years (von Kriest al 1999). etal 1997). Serum deprivation of cultured human pre-
The phenotypical and functional changes which occur adipocytes also induces apoptosis in some of the cells,
during the differentiation of a pre-adipocyte into an suggesting that specific serum factors are required to protect
adipocyte are the result of molecular changes related topre-adipocytes from entering into apoptosis (Niesleal.
changes in the pattern of gene expression. The differ-1998). It remains to be clarified in future studies whether
entiation process is characterized by an increase in theapoptosis of pre-adipocytes and adipocytes in human white
expression of adipocyte-specific genes (e.g. lipoprotein adipose tissue is a physiologically-relevant mechanism
lipase, glucose-6-phosphate dehydrogenase, glucosénvolved in the control of adipocyte number.
transporter 4 leptin, etc.) and the decrease in the expression
of genes that are predominant in pre-adipocytes (e.g.
pre-adipocyte factor-1). Changes in gene expression are
regulated by transcription factors. In the last few years suchAilhaud G & Hauner H (1997) Development of white adipose
‘key regulators’ of adipocyte gene transcription have been tissue. InHandbook of Obesitypp. 359-378 [GA Bray, C
described. It is now known that a combination of factors ~Bouchard and WPT James, editors]. New York: Marcel Dekker

from the CCAAT-enhancer binding protein family and the _ InC-
PPAR family will positively activate adipocyte gene Baum D.Beck RQ, Hammer LD, Brasel JA & Greenwood MRC

e ; . ; : (1985) Adipose tissue thymidin kinase activity in maediatric
transcription. PPARR directly stimulates the adipose differ- Research20, 118-121.

entiation process. If PPAR is phosphorylated at the site of g0k cGD (1976) Cellular growth: adipose tissue.Haman

a single amino acid residue its activity and its ability to  Growth vol. 2, pp. 21-33 [F Falkner and JM Tanner, editors].

promote adipose differentiation is markedly reduced. The New York: Plenum Press.

regulation of this phosphorylation seems to be a critical Clement K, Vaisse C, Lahlou N, Cabrol S, Pelloux V, Cassuto D,

event in the control of adipose tissue growth étlal 1996; Gourmelen M, Dina C, Chambaz J, Lacorte JM, Basdevant A,

Ristowet al 1998) Bougneres P, Lebouc Y, Froguel P & Guy-Grand B (1998) A
PPAR isoforms have natural ligands such as fatty acids, m;Jt?tiondin Fhe ?Umﬁntbpgggegggt%ﬁllene causes obesity and

i ; ) pituitary dysfunctionNature —401.
EL?fﬁzgliggufédg; (I)efutlaoefrlﬁ)r:: sofagl(jld{ e;?ﬁ?aln?izt:r?ggtﬁ ‘Dietz WH (1994) Critical periods in childhood for the development

o . 2 of obesity. American Journal of Clinical Nutritios9, 955-959.
activating PPAR, and thus affecting the transcription of Dugdale AE (1975) Pattern of fat and lean tissue deposition in

adipogenic genes will provide a better understanding of the children.Nature 256 725—-726.
link between the fatty acid composition of food and the Friedman JM & Halaas JL (1998) Leptin and the regulation of body
formation of new fat cells (Ailhaud & Hauner, 1997). weight in mammalsNature395 763-770.
Hauner H (1992) Physiology of the fat cells, with emphasis on the
N . | f adi ber i role of growth hormonéActa PaediatricaSuppl. 383, 47-51.
egative regulators of adipocyte number in man Hauner H, Entenmann G, Wabitsch M, Gaillard D, Ailhaud G,

In human serum there are a number of circulating factors Negrel R & Pfeiffer EF (1989 Promoting effect of gluco-
which are able to inhibit differentiation of pre-adipocytes, colrltlcmdls on dth_e d|ffeLent|gt|(|)|n OJ ?_umc?n adollpo[;:gte p:ec;:rsor
or which may even have the capacity to induce the de-differ- ¢8!S cultured in a chemically defined mediudournal o

. . L . . Clinical Investigatior84, 1663—1670.
entiation or apoptosis of existing adipocytes (Prins & Hauner H, Rohrig K & Petruschke T (1995) Effects of epidermal

O'Rahilly, 1997). In a study investigating the effect of gwih factor (EGF), platelet-derived growth factor (PDGF) and
human serum on differentiation of pre-adipocytes it was fiproblast growth factor (FGF) on human adipocyte development
shown that the adipogenic activity of sera from obese and function.European Journal of Clinical InvestigatioB5,
children was reduced significantl{€0-01) after they had 90-96.
lost 10 % of their body weight (Haunet al. 198%). At the Hauner H, Wabitsch M & Pfeiffer EF (198PProliferation and
same time the anti-adipogenic activity increased. differentiation of adipocyte precursor cells from children at
Some of the factors recently identified as inhibiting g'fferf”t agg_?. ]'nfbej'ty 'J” hEulint)lf 1988pp. 195-200 [P
differentiation of human pre-adipocytes include trans-  Slorntorp, editor]. London: John Libbey. .
forming growth factor B, tumour necrosis factom, Hauner H, Wabitsch M, Zwiauer K, Widhalm K & Pfeiffer EF

. . 198%) Adipogenic activity in sera from obese children before
epidermal growth factor and platelet-derived growth factor énd a)fter E)Negight reduct)i/onAmerican Journal of Glinical

(Petruschkeet al 1994; Hauneet al 1995). Nutrition 50. 63—67.

A new field of research is the study of adipocyte Heinig MJ, Nommsen LA, Peerson JM, Lonnerdal B & Dewey KG
apoptosis. In brown adipose tissue apoptosis plays an (1993) Energy and protein intakes of breast-fed and formula-fed
important role in controlling the number of heat-producing infants during the first year of life and their association with
and energy-consuming cells, and in the postnatal decrease of growth velocity: the DARLING studyAmerican Journal of
brown adipose tissue size. However, the importance of Clinical Nutrition 58 152-161. o
apoptosis in the regulation of adipocyte number in white Hu E, Kim JB, Sarraf P & Spiegelman BM (1996) Inhibition of
adipose tissue has still to be clarified. ‘E‘,‘Elf\%gea”rﬁf@éﬁ?gﬁggwglgg azs%rgedlated Phosphoryiaton of

In human adlpose t!ssue a_poptos!s of fgt cells.has beer]]acksongll?s, Creemers JWM, Ohagi S, Raffin-Sanson ML, Sanders
shown to occur in patients with malignancies (Pehsl

; . . L, Montague CT, Hutton JC & O’Rahilly S (1997) Obesity and
1994). In vitro studies using cultures of human pre-  jyaired prohormone processing associated with mutations
adipocytes or adipose tissue explant cultures identified i, the prohormone convertase 1 gehature Geneticsl6,
tumour necrosis factax as one factor capable of inducing 303-306.
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