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Summary y 

TThee metabolic and immunological responses to tissue injury are only partly 

understood.. Cytokines, which are abundantly released after tissue injury, 

aree thought to play an important role in both the metabolic and 

immunologicall  stress-induced alterations. Previous studies by our group on the 

metabolicc and endocrine effects of TNF-a, IL-6 and IFN-oc in humans revealed 

that,, without exception, these cytokines are potential mediators of the 

hypermetabolicc and endocrine response to stress. These observations, in 

combinationn with additive in vitro and in vivo studies in animals and humans 

performedd in the last decade, support the idea that cytokines in general direct 

metabolismm and the (neuro)endocrine system into an hyperactive state. In this 

respect,, IFN-y is generally thought to be "one amongst many". Therefore, at least 

inn part, a comparable role on the metabolic and endocrine systems is attributed to 

thiss cytokine. Nevertheless, studies on metabolic and endocrine effects of IFN-y in 

humanss in vivo have hardly been performed. This limited information does not 

onlyy hold true for the effects of IFN-y on endocrine and metabolic regulation but 

alsoo for immunological data. In vivo influences of IFN-y on immunological 

parameterss other than monocyte HLA-DR expression and on anti-tumor responses 

havee only incidentally been investigated in humans. 

Thee studies in the present thesis aimed to elucidate the role of IFN-y on metabolic, 

endocrinee and immunological parameters in humans in vivo. Both healthy subjects 

andd postoperative patients have been studied to investigate the role of IFN-y in 

respectivelyy a non-stressed and stressed system to study the effects of the cytokine 

underr physiological circumstances and in a system in which inflammation is 

present. . 

StudyStudy protocols: Chapter 2 -5 concern placebo controlled cross-over studies in 6 

healthyy subjects, receiving 100 ug/m2 rhIFN-y subcutanously and on an other 

occasionn a comparable amount of saline. Chapter 6 -9 concern placebo controlled 

trialss in which 13 patients were randomized into an intervention (rhIFN-y 
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100ug/m22 subcutanously, n=7) and placebo (saline s.c, n=6) arm after a pylorus-
preservingg pancreactico-duodenectomy. 

Inn Chapter 1 the general metabolic, endocrine and immunological alterations as 
observedd during tissue injury are discussed, with an emphasis on the role of the 
relevantt cytokines and a particular focus on interferon-gamma. 
Inn Chapter 2 we evaluated whether IFN-y is involved in the interaction between the 
immunee and endocrine systems in vivo. As expected, HLA-DR expression on 
monocytess and serum neopterin clearly increased after administration of IFN-y. 
Moreover,, EFN-y only increased plasma IL-6 levels but had no effect on other 
cytokines.. IFN-y induced an increase in plasma concentrations of ACTH and 
Cortisoll  and did not alter concentrations of GH, (norepinephrine, insulin, C-
peptide,, glucagon or IGF-1. Moreover, IFN-y induced an increase in REE but did 
nott alter plasma concentrations of glucose and FFA nor Ra glucose. We therefore 
concludee that in healthy subjects IFN-y is a minor stimulator of the endocrine and 
metabolicc pathways, which is in contrast to other cytokines studied in a comparable 
setting.. Therefore IFN-y, by itself, is probably not a major mediator in the interaction 
betweenn the immune and the endocrine and metabolic system in healthy humans. 
Cytokines,, such as TNF-a, IL-2, IL-6 and IFN-oc, alter human thyroid hormone 
metabolismm and may be involved in the pathogenesis of the euthyroid sick 
syndrome.. Experimental data suggest that IFN-y could be another cytokine, that 
mightt influence thyroid hormone metabolism. In Chapter 3 we evaluated, whether 
IFN-yy can be involved in the pathogenesis of the alterations in thyroid hormone 
metabolismm in healthy humans. IFN-y, however, did not induce effects on any of 
thee measured thyroid hormone and TSH plasma concentrations. Our data do not 
supportt a role of IFN-y in the pathogenesis of the euthyroid sick syndrome in 
humans,, as could be deduced from in vitro and in vivo animal studies. 
Manyy possible effects of IFN-y on immunological parameters in humans in vivo 
havee not been delineated, although IFN-y is generally considered a key cytokine in 
thee immune system. In Chapter 4 we evaluated the influence of IFN-y on leukocyte 
dynamics,, with a focus on naive and memory T-cells. Additionally, we studied the 
expressionn of adhesion molecules on T-lymphocytess after in vitro incubation of whole 
bloodd with rhIFN-y. IFN-y induced a significant depletion in the number of T-
lymphocytes,, which was more severe in the CD8+ than in the CD4+ T-cell subset. 
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Thee numbers of naive CD4+ T-cells and memory CD4+ T-cells were equally 

affected,, whereas within the CD8+ T-cell subset memory/effector cells disappeared 

preferentiallyy from the peripheral blood compartment as compared to naive cells. 

Inn addition, IFN-y induced a decrease in B-cells, NK-cells and monocytes. After an 

initiall  increase, granulocyte counts decreased significantly as compared to controls. 

Thesee effects appeared not to be due to the minimal rise in plasma Cortisol levels. 

Inn vitro, IFN-y did not upregulate the expression of CD 11 a, NKI-L16, CD l ib , 

LFA-33 or VLA-4. We conclude that the administration of a single dose of IFN-y to 

healthyy subjects profoundly affects the numbers of several leukocyte subsets in the 

peripherall  blood compartment, without demonstrable effects on adhesion 

moleculess on T-cells. 

Cytokiness are involved in the pathogenesis of sepsis. Clinical data and studies in 

animalss suggest that IFN-y is another mediator in the host inflammatory response, 

whichh could be of importance in the pathophysiology of sepsis. In Chapter 5 we 

evaluatedd in healthy humans the role of IFN-y on the human inflammatory 

response.. IFN-y increased plasma levels of IL-6, IL-8 and IP-10, but did not affect 

plasmaa levels of IL-2, IL-4, IL-10, TNF-ot, IL-12p40/p70. Plasma concentrations 

off  the acute phase proteins CRP and sPLA2 and of the leukocyte activation marker 

elastasee increased after IFN-y administration, whereas no effect was measured on 

plasmaa lactoferrin levels. Moreover, IFN-y increased the percentage of high 

affinityy Fey- receptor (FcyRI) positive neutrophils, but did not affect the MFI of 

FcyRII  on neutrophils. There was a modest procoagulant and profibrinolytic effect 

off  IFN-y, as evidenced by increased plasma levels of prothrombin fragment F1+F2, 

tissue-plasminogenn activator and plasmin-alpha2-anti-plasmin complexes. We 

conclude,, that IFN-y selectively affects host inflammatory mediators in healthy 

humans. . 

Tissuee injury is associated with decreased cellular immunity and enhanced 

metabolism.. The suppressed cellular immunity can possibly be counteracted by 

IFN-yIFN-y administration, since IFN-y is a well known upregulator of HLA-DR 

expression.. The catabolic response, however, could be enhanced after IFN-y 

administrationn since inflammatory cytokines are thought to play an important role 

inn the pathophysiology of the metabolic response to stress, either on their own or in 

combinationn with other cytokines. In healthy volunteers, IFN-y did not induce a 

hypermetabolicc state, as described in chapter 2. However, this observation did not 
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excludee that IFN-y could have a different effect under inflammatory circumstances. 
Inn Chapter 6 we evaluated, whether rhIFN-Y would lack harmful metabolic side 
effectss while maintaining its beneficial effects on the immune system under 
conditionss in which the host inflammatory response system is activated. In 
postoperativee patients HLA-DR expression on monocytes was restored 24 hours 
afterr IFN-y administration but remained low in the placebo treated patients. IFN-y 
inducedd an initial decrease in hepatic glucose production without effects on plasma 
glucosee levels and an increase in lipolysis with slightly elevated plasma FFA 
levels.. IFN-y increased plasma norepinephrine levels without effects on plasma 
concentrationss of Cortisol, ACTH, growth hormone, insulin, c-peptide, glucagon 
andd epinephrine. We conclude, that IFN-y exerts a favorable effect on cell-
mediatedd immunity in patients after major surgery without considerable clinical, 
metabolicc or endocrine side effects. 
Whereass in vitro studies and in vivo studies in animals indicate that IFN-y is a 
possiblee modulator of thyroid hormone metabolism and suggest that IFN-y might 
alsoo be involved in the pathophysiology of the euthyroid sick syndrome, we could 
nott demonstrate an effect of IFN-y in healthy subjects on thyroid hormone and 
TSHH concentrations. Subsequently, we questioned whether IFN-y affects thyroid 
hormonee indices under circumstances in which an inflammatory reaction and the 
euthyroidd sick syndrome are present. In several biological systems, amongst which 
thee hypothalamic-pituitary-thyroidal-axis, synergistic interaction between different 
componentss of the inflammatory and endocrine systems are known to play a 
modulatoryy role. Surgery is one of many circumstances under which the euthyroid 
sickk syndrome and an host inflammatory response are observed. In Chapter 7 we 
studiedd the short-term effects of IFN-y administration in post-operative patients. 
IFN-yy did not influence short term thyroid hormone metabolism. We conclude, that 
IFN-yy does not appear to be involved in the changes in thyroid hormone 
metabolismm in patients with non-thyroidal illness. 

Traumaticc events such as major operative procedures change physiological T-cell 
responses.. Depressed immune functions after surgery are presumed to render 
patientss more susceptible to pathogens. IFN-y has multiple immunostimulatory 
properties.. Several studies have been performed to assess the effects of IFN-y 
treatmentt in patients in need of increased immune reactivity. Until now, the effect 
off  IFN-y on human antigen specific CD4+ T cell reactivity after surgically induced 
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immunosuppressionn has not been reported. In Chapter 8 we assessed the effect of 

IFN-yy on human antigen specific CD4+ T-cell reactivity by antigen induced 

cytokinee production, intracellular cytokine staining and flow cytometry. We 

observedd that a single dose of IFNy rescued downmodulation of antigen specific 

CD4++ T-cell reactivity, concomitant with an upregulation of TCR-ligands on 

antigenn presenting cells. Therefore, we conclude that IFN-y administration to 

postoperativee patients may be of benefit due to its immunostimulatory properties. 

Administrationn of the Thl cytokine IFN-y restores the expression of HLA-DR on 

monocytess in septic or severely injured patients. On the other hand, cytokines, and 

possiblyy IFN-y, could account for serious derangements as seen during sepsis. In 

Chapterr 9 we studied the role of IFN-y on the host inflammatory response in a 

systemm in which inflammation is already ongoing. IFN-y induced an increase in 

IFN-yIFN-y production in stimulated whole blood. IFN-y induced an increase in 

lactoferrinn levels in blood but did not affect plasma sPLA2 and acute phase protein 

levelss in plasma. Also cytokine levels were not affected by IFN-y. The chemokine 

IP-100 increased after IFN-y, whereas no effect was measured on plasma IL-8. We 

conclude,, that in postoperative patients, IFN-y has no major influences on the host 

inflammatoryy response although a modest effect on parameters of cellular 

immunityy was measurable. This study demonstrates that the potential beneficial 

effectss of IFN-y on the immune system of patients with major tissue injury can be 

achievedd without important effects on the acute phase response. 
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Generall discussion 

MetabolismMetabolism and Endocrinology 
IFN-yy is produced not merely by a solid organ, but by cells present throughout the 
entiree body. Although IFN-y is predominantly produced by dedicated cells - T-
cellss and NK-cells-, the effects of IFN-y can occur in many cell-types and organs, 
becausee the expression of IFN-y receptors is ubiquitous. In the studies of the 
presentt thesis we studied the effects of IFN-y after subcutaneous injection. This 
inducedd increases in the plasma level of IFN-y and consequently in blood-borne 
deliveryy of IFN-y throughout the body. Influences of cytokines are not limited to 
auto-- or paracrine effects but are also present at systemic levels. Therefore, the 
designn of our studies was aimed at delineating the systemic effects of IFN-y, rather 
thann at elucidating para- or autocrine effects. 

Wee studied the effects of IFN-y in healthy subjects and in patients after a 
standardizedd surgical procedure, as a model for activated inflammatory response. 
Thiss way, we studied the effects of IFN-y in a non-activated and activated system, 
ass the possibility exist that these effects could be different when inflammation with 
concomitantt increased release of mediators like cytokines and hormones is present. 
Thee studies were aimed at two specific areas: the effects of IFN-y on metabolic and 
neuroendocrinee regulation and the effects of IFN-y on specific and nonspecific 
immunologicall  regulation. 

(Neuro)(Neuro) endocrine and metabolic regulation 
Hormoness are chemical mediators that are produced by specialized cells and 
secretedd directly into the bloodstream to act on distant target cells. Regarding 
metabolicc and (neuro) endocrine parameters, we actually studied whether IFN-y 
actss as a hormone. This is supported by the molecular biology of IFN-y action. 
Likee hormones such as erytropoietin, growth hormone and leptin, and other 
cytokines,, IFN-y acts through a receptor belonging to the superfamily of cytokine 
receptorss with similar signal-transduction pathways, the JAK/STAT pathway. 
Furthermore,, the IFN-y receptor is ubiquitously expressed on all nucleated cells. 
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So,, from a molecular perspective, IFN-y can not be discriminated from classical 

hormoness and, in addition, effects of circulating IFN-y could theoretically act on all 

IFN-y-exposedd regulatory systems. Indeed, in vitro studies report on effects of IFN-

yy on a wide range of cells associated with metabolic and endocrine pathways. For 

example,, in vitro IFN-y has distinct effects on human thyrocytes. 

InIn vivo in humans, however, we demonstrate that in a non-activated system, 

IFN-yIFN-y stands practically loose from the endocrine system, since it lacks distinct 

influencess on hormonal regulatory pathways. So, the observation that a molecule 

usingg the same receptor pathway as several other cytokines and hormones, that acts 

onn receptors that are expressed on virtually all cells and that induced several 

influencess on hormone-related cells in vitro, does not act on hormonal pathways in 

vivo,, is rather fascinating. Moreover, this is in disagreement with the effects of 

anotherr interferon, IFN-a, that acts through a similar JAK-STAT activating 

receptorr and induces major metabolic and neuro-endocrine effects in healthy 

humans.. The molecular dissection of the signal-transduction pathways of IFN-a 

andd IFN-y does not permit an explanation between the discrepant effects of these 

twoo interferons. 

However,, surprisingly, when studied in an activated human system in vivo, 

wee could measure a modest effect of IFN-y on lipolysis and a decrease in glucose 

turnoverr that was absent in healthy humans. The latter is an unique feature that has 

neverr been reported for a cytokine in humans in vivo. So, certain metabolic effects 

ofof IFN-y are presumably dependent on the combination with an inflammatory state. 

Thee finding that IFN-y is not Just Another Cytokine (JAC) is illustrated by 

thee comparison of the IFN-y studies with TNF-a, IL-6 and IFN-a regarding their 

metabolicc and neuro-endocrine effects. As depicted in table I, the dosage and peak 

plasmaa concentrations in the present studies are within range of those in the TNF-

a,, IL-6 and IFN-a studies. So, in comparison with TNF-a, IL-6 and IFN-a, the 

lackk of effects of IFN-y on endocrine and metabolic regulation is not due to the 

administrationn of low amounts of IFN-y. Rather, there is a fundamental difference 

withh respect to the effects of IFN-y on metabolic and (neuro)endocrine regulation 

inn comparison with these other cytokines. Furthermore, IFN-y, which is generally 

consideredd to be a pro-inflammatory cytokine, does not resemble to the prototype 

pro-inflammatoryy cytokine TNF-a, which induced a profound hypermetabolic 
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Tablee I. Effects of cytokines 

cytokine e 

testedtested in 

DosageDosage (nmol/m ) *I 
peakpeak level (10'2 pmoVL) 

inin  humans 

IFN-v v 

healthy healthy 
subjects subjects 

6.11 s.c. 
31 1 

IFN-v v 

postopera-postopera-
tivetive patients 

6.11 s.c. 
6.2 2 

TNF-a a 

healthy healthy 
subjects subjects 

2.88 i.v.b. 

IL-6 6 

cancer cancer 
patients patients 

3.88 i.v.i. 

2.8 8 

IFN-a a 

healthy healthy 
subjects subjects 

1.33 s.c. 
6.2 2 

Endocrine effects Endocrine effects 

Thyroidd hormones, acute 

ACTH/Cortisol l 

Catecholamines s 
Insulin/glucagon n 

MetabolicMetabolic effects 
Restingg energy expenditure 

Glucosee production 
Glucosee uptake 

Lipolysis s 

CytokinesCytokines and chemokines 

TNF-a a 

IL-6 6 
IL-10 0 

f t t 

t t t 

f t t 

t t t 

t t t 
t t t 
— — 

t t t 
t t t 
— — 

t t t 
t t 
t t 

t t t t t t 

1 1 

t t 

t t 
* * 
t t t 

t t 
t t 
t t t 

t t 
t t 

t t t 

IL-88 t 
IP-100 11 

HostHost inflammatory response 

CRPP t 

sPLA22 t 

Elastasee — 

Lactoferrinn I 

Neopterinn * 

Leukocytes Leukocytes 

Neutrophill  FcyR t 

Monocytee HLA-DR t 

CD4:: % naive — 
CD4:: % memory — 

CD8:: % naive t 
CD8:: % memory/effector

CoagulationCoagulation t 
FibrinoloysisFibrinoloysis t 

t t 

— — 

t t 

t t 

tt t 

t t 

tt t 

tt t 
tt t 
t t 

tt t 
tt t 

t t 

t t 

t t 
t t 
t t 

tt t 
tt t 

**  1 ; all dosages have been calculated for a body surface of 2 square meters 
s.cc = subcutanous; i.v.b.= intravenous bolus; i.v.i. = intravenous infusion 
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state.. A comparable hypermetabolic response was observed after IL-6 
administration,, whereas IL-6 is considered to be an anti-inflammatory cytokine. 
Therefore,, from a metabolic/endocrine perspective, categorization of cytokines into 

pro-andpro-and contra-inflammatory cytokines is of no use. 

Immunology Immunology 

Thee immunomodulatory properties of IFN-y studied in this thesis manly concern 

effectss on cellular immunity. An IFN-y-induced increase in granulocytes FcyRI 

expressionn and monocytes HLA-DR expression in vivo had already been reported 

previously.. The specific effects on T-cell dynamics as studied in chapter 4 and 8, 

providee new insights in leukocyte traffic. Although direct effects of IFN-y on 

leukocytee and endothelial cell adhesion molecules could not be excluded, a role for 

IFN-y-inducedd chemokines seems plausible in this respect. As presented in chapter 

55 and 9, IFN-y induced an early release of IP-10, which was paralleled in time by 

thee rapid decrease of lymphocytes as described in chapter 4. The release of other 

chemokiness and their role in the subset specific migration of lymphocytes and 

otherr leukocytes, should therefore be considered. IP-10 attracts preferentially 

activatedd T-cells, expressing the CXCR3 chemokine receptor. This could explain 

thee predominant reduction of T-cells in the memory/effector subset. Remarkably, 

inn healthy subjects IFN-y administration mainly spared the disappearance of CD8+ 

naivee cells whereas no effect on their CD4+ counterparts was measured. In 

postoperativee patients a preferential depletion of memory CD4+ T-cells was 

observed.. This difference between healthy subjects and patients is not understood. 

Naivee cells preferentially recirculate through secondary lymphoid tissues, whereas 

memoryy and effector cells also circulate through extralymphoid effector sites. The 

rolee of IFN-y in this respect is of considerable importance. During acute 

symptomaticc human immunodeficiency virus infections in humans, a marked 

depletionn of both CD4+ and CD8+ T-lymphocytes from the blood occurs. The 

depletionn and reappearance of cells correspond precisely with IFN-y and TNF-a 

levels.. As in our healthy subject studies, the effect of IFN-y on lymphocyte 

recirculationn occurred in postoperative patients although these patients already 

displayedd a considerable lymphocytopenia. Whereas memory cells in the CD4+ 
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subsett preferentially disappeared, we could demonstrate that IFN-y administration 

seemedd to decrease the activation threshold of the resting CD4+ population and 

rescuedd downmodulation of antigen specific CD4+ T-cell reactivity. So next to a 

commonlyy accepted non-functional measure of cellular immunity -monocyte HLA-

DRR expression- we now demonstrated with afunctional measure that IFN-y may 

increasee cellular immunity in immunocompromised patients. In addition, we 

demonstratedd that IFN-y stimulates its own production in ex vivo stimulated whole 

blood,, again pointing at stimulation of cellular immunity. 

FinalFinal consideration 
Inn conclusion, we demonstrate in the present thesis that from a metabolic and 

endocrinee perspective, IFN-y is not a JAC, since this cytokine distinctly differs 

fromfrom TNF-ot, IL-6 and IFN-a in humans in vivo. Furthermore, we postulate that 

fromfrom a metabolic/endocrine perspective, categorization of cytokines into pro-and 

contra-inflammatoryy cytokines is irrelevant. In addition, the modest effects of IFN-

yy on metabolic and endocrine parameters as measured in the present thesis, are 

dependentt from the system in which IFN-y is introduced. Differences between two 

systemss are also manifest on immunological parameters, since IFN-y influences 

leukocytee dynamics with specific effects on lymphocyte subsets with different 

effectss in a non-activated versus an activated system. Moreover, IFN-y has 

selectivee influences on the inflammatory response in healthy humans, whereas 

IFN-yy seems not to aggravate the inflammatory state in postoperative patients. 

Finally,Finally, in postoperative patients IFN-y seems to enhance antigen specific cellular 

immunity.. Thus, since IFN-y administration to postoperative patients enhanced 

antigenn specific T-ceil immunity without negative clinically important adverse 

effectss on metabolic, endocrine and inflammatory parameters, we conclude that in 

aa well-selected population of immunocompromized patients, IFN-y may have a 

potentiall  beneficial role in the prevention of infectious complications. 
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