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Leptin (from the Greek word leptos meaning "thin") is a 16 kD

protein, which is the product of the obese (Ob) gene secreted

primarily from adipocytes [1,2]. Its role in regulating food intake

and energy expenditure has been well established, and it has

become increasingly clear that it possesses other physiologic

functions by which it influences neuroendocrine, reproductive,

hemopoietic and metabolic control pathways, albeit by mechan-

isms that have yet to be elucidated [3]. These manifold capabilities

distinguish this hormone as being one of special interest in almost

all disciplines of medicine.

In the current issue of IMAJ, Kagan et al. [4] report on the

characteristics of leptin secretion and its relationship to serum

insulin and cortisol in patients following heart, liver and kidney

transplantation. All the patients received immunosuppressive

therapy consisting of prednisone, azathioprine, cyclosporine, or

tacrolimus. No significant differences in serum leptin concentra-

tions were observed between the three groups of transplanted

patients. This study also supports previous works by showing that

serum leptin concentrations are significantly higher in women than

in men, and that they correlate with the body mass index [5,6]. In

addition to BMI and gender, cortisol and insulin were the other

important independent determinants of serum leptin concentration

levels in their patients, as was also observed in other studies [6±8].

This work by Kagan and colleagues elicits several novel

conundrums regarding the interaction between leptin and meta-

bolic, hormonal and immune responses, the significance of which

has remained elusive since this hormone was first identified.

Leptin and the kidney

The first enigma concerns a potential link between leptin and the

kidney, particularly the long-term consequences of hyperleptinemia

following renal transplantation. The kidney is known to be the

principal site of elimination of circulating leptin in healthy subjects

[9]. Moreover, a number of studies have shown leptin levels to be

elevated in patients with chronic renal failure, both before and

during peritoneal or hemodialysis [10]. Consequently, reversal of

renal failure could be expected to have effected a reduction in leptin

levels. Kagan et al., however, demonstrated elevated leptin serum

concentrations in kidney transplant recipients. The authors

postulate that leptin overproduction rather than the shortage of

leptin degradation by the kidney would be the more likely

explanation of hyperleptinemia in these patients. It should also

be considered that altered body composition may have contributed

to the hyperleptinemia observed in their post-transplant patients:

solid organ transplantation usually results in significant weight gain

[11±14], with most of the post-transplant weight gain representing

an increase in fat mass [12,15]. Although Kagan's team did compare

the leptin levels of patients with those in healthy controls at several

time points following transplantation, had they accumulated such

data before, shortly after and during the years following transplan-

tation, their argument would have been considerably strengthened

Even more intriguing, however, is the fact that leptin has been

implicated in detrimental renal effects by several investigators

[16,17]. Wolf and co-workers [16] recently reported that leptin

stimulates glomerular endothelial cell proliferation in vitro and in

vivo, and that leptin administration in rats caused proteinuria and

glomerular mesangial matrix expansion. This raises an important

question about the effect of leptin on kidney function: could the

chronic stimulation of glomerular cells by leptin contribute to

glomerular remodeling and decreased kidney function? [17].

Thus, by showing that leptin secretion is increased following

transplantation, this study has elicited further implications regard-

ing its function in a transplanted organ. Moreover, if future studies

reveal that leptin metabolism in end-stage renal disease is a

detrimental factor, it follows that interventions to reduce leptin

accumulation should be implemented [17].

Leptin and the cardiovascular system

The second mystery surrounds the effect of leptin on cardiovascular

function. Cardiovascular disease is now the leading cause of long-

term morbidity and mortality in kidney transplant recipients. The

etiology of cardiovascular disease in the transplanted population is

multifactorial: some of the immunosuppressive drugs may play a

key role by causing or exacerbating hypertension, hyperlipidemia,

and glucose intolerance. These cardiovascular risk factors are

aggravated even more by the increase in body weight that occurs in

the vast majority of patients after renal transplantation [14].

The effect of leptin on the heart may further contribute to

cardiovascular morbidity. It has been shown to increase heart rate

and blood pressure through sympathetic nervous system activity

[18]. Moreover, fasting plasma leptin levels are associated with

increased myocardial wall thickness, independent of body composi-

tion and blood pressure levels. Nickola et al. [19] have recently
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demonstrated that leptin depresses ventricular myocyte shorten-

ing and intracellular calcium transients, leading to depression of

cardiac cell contraction. Thus, higher leptin levels following

transplantation may affect not only the kidney, but the heart as

well.

Leptin and the liver

The third riddle has to do with the effect of leptin on the liver.

Several lines of evidence have suggested a possible link between

leptin and hepatic fibrosis: leptin augments both inflammatory and

profibrogenic responses in the liver, and it has been postulated that

hyperleptinemia enhances up-regulation of transforming growth

factor beta-1, leading to activation of stellate cells, whereupon the

fibrogenic response in the liver is augmented [20]. Leptin has also

recently been suggested to play a role in the pathogenesis of

hepatic steatosis [21]. We now have a variation of the same theme

as mentioned above: higher leptin levels following transplantation

may affect not only the kidney and heart, but the liver as well.

Leptin and the immune system

Last but not least is the question of leptin's role as an immune

modulator and its interaction with immunosuppression following

transplantation. Both the structure of this hormone and that of its

receptor suggest that a leptin might be classified as a cytokine [22].

Leptin has structural similarities to the long-chain helical cytokine

family, which includes interleukin 6 and 11, ciliary neurotrophic

factor, granulocyte colony-stimulating factor, and leukemia inhibi-

tory factor; and it participates in both innate and acquired

immunity. The host lymphocyte plays the central role in the

immune response to transplanted allografts, possessing the specific

capability to differentiate "self" from "non-self." Leptin regulates T

cell responses, polarizing Th cells toward a Th1 phenotype, induces

the production of pro-inflammatory cytokines (e.g., IL-2 and

interferon gamma), and suppresses IL-4 production in activated T

cells [23]. In addition, it modulates phagocytosis and cytokine

production by macrophages and stimulates hematopoiesis of

murine cells [24]. Thus, the significance of the role played by

hyperleptinemia in immunomodulation following transplantation

clearly warrants further exploration.

Conclusion

While Kagan and team's work provides substantial evidence that

leptin levels are elevated in transplanted patients, the picture is still

incomplete. The endocrine, immune and adipose systems are linked

via an elaborate system made up of an array of cytokines and

neuropeptides. The cross-talk between those systems may be of

prime importance in the period following transplantation, and

further studies are needed to delineate the pathophysiologic

significance and wider ramifications of leptin secretion following

transplantation. If it emerges that leptin metabolism following

transplantation is maladaptive, interventions to reduce the

accumulation of leptin secretions could become part of the protocol

for transplant patient management.

References

1. Zhang Y, Proenca R, Maffei M, Barone M, Leopold L, Friedman JM.
Positional cloning of the mouse obese gene and its human homologue.
Nature 1994;372:425±32.

2. Erlich S, Modan D, Paret G. Leptin-physiology and pathophysiology.
Harefuah 2001;140(6):514±18 (Hebrew).

3. Auwerx J, Staels B. Leptin. Lancet 1998;351:737±42.
4. Kagan A, Haran N, Leschinsky L, et al. Serum concentrations of leptin in

heart liver and kidney transplant recipients. IMAJ 2002;4:213±217.
5. Saad MF, Riad-Gabriel MG, Khan A, et al. Diurnal and ultradian

rhythmicity of plasma leptin: effects of gender and adiposity. J Clin
Endocrinol Metab 1998;83:453±9.

6. Ostlund RE Jr, Yang JW, Klein S, Gingerich R. Relation between plasma
leptin concentration and body fat, gender, diet, age, and metabolic
covariates. J Clin Endocrinol Metab 1996;81:3909±13.

7. Saad MF, Khan A, Sharma A, et al. Physiological insulinemia acutely
modulates plasma leptin. Diabetes 1998;47:544±9.

8. Dagogo-Jack S, Selke G, Melson AK, Newcomer SW. Robust leptin
secretory responses to dexamethasone in obese subjects. J Clin
Endocrinol Metab 1997;82:3230±3.

9. Cumin F, Baum HP, Levens N. Leptin is cleared from the circulation
primarily by the kidney. Int J Obes Relat Metab Disord 1996;20:1120±6.

10. Sharma K, Considine RV, Michael B, et al. Plasma leptin is partly cleared
by the kidney and is elevated in hemodialysis patients. Kidney Int
1997;51:1980±5.

11. Hasse J. From malnutrition to obesity: changes in nutritional status
associated with liver transplantation. Nutrition 1999;6:507±8.

12. Roske AE, Plauth M. Liver transplantation, body composition, and
substrate utilization: does organ transplantation normalize the meta-
bolic situation of the patient? Nutrition 1999;15:504±5.

13. Clunk JM, Lin CY, Curtis JJ. Variables affecting weight gain in renal
transplant recipients. Am J Kidney Dis 2001;38:349±53.

14. Hricik DE. Weight gain after kidney transplantation. Am J Kidney Dis
2001;38:409±10.

15. Lopes I, Martin M, Errasti P, Martinez JA. Changes in the post-kidney
transplantation body composition: different behavior between men and
women. Nutr Hosp 1998;13:28±32.

16. Wolf G, Hamann A, Han DC, et al. Leptin stimulates proliferation and
TGF-b expression in renal glomerular endothelial cells: potential role in
glomerulosclerosis. Kidney Int 1999;56:860±72.

17. Dagogo-Jack S. Uremic hyperleptinemia: adaptive or maladaptive?
Kidney Int 1998;54:997±8.

18. Paolisso G, Tagliamonte MR, Galderisi M, et al. Plasma leptin level is
associated with myocardial wall thickness in hypertensive insulin-
resistant men. Hypertension 1999;34:1047±52.

19. Nickola MW, Wold LE, Colligan PB, Wang GJ, Samson, WK, Ren J. Leptin
attenuates cardiac contraction in rat ventricular myocytes. Hypertension
2000:36:501±5.

20. Ikejima K, Honda H, Yoshikawa M, et al. Leptin augments inflammatory
and profibrogenic responses in the murine liver induced by hepatotoxic
chemicals. Hepatology 2001;34:288±97.

21. Roden M, Anderwald C, FuÈ rnsinn C, WaldhaÈusl W, Lohninger A. Effects
of short-term leptin exposure on triglyceride deposition in rat liver.
Hepatology 2000;32:1045±9.

22. Modan-Moses D, Erlich S, Kanety H, et al. Circulating leptin and the
perioperative neuroendocrinological stress response following pediatric
cardiac surgery. Crit Care Med 2001;29:2337±42.

23. Lord GM, Matarese G, Howard JK, Baker RJ, Bloom SR, Lechler, RI.
Leptin modulates the T-cell immune response and reverses starvation
induced immunosuppression. Nature 1998;394:897±901.

24. Lofreda S, Yang SQ, Lin HZ, et al. Leptin regulates proinflammatory
immune responses. Faseb J 1998;12:57±65.

Correspondence: Dr. G. Paret, Dept. of Pediatric Intensive Care, Sheba

Medical Center, Tel Hashomer 52621, Israel.

Phone: (972-3) 530-2895

Fax: (972-3) 530-2562

email: gparet@post.tau.ac.il

Editorials

IL = interleukin

208 D. Modan-Moses and G. Paret IMAJ . Vol 4 . March 2002


