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Abstract t 

Too evaluate the influence of IFN-y on leukocyte dynamics, with a focus on naive and memory T-cells, 

wee studied six healthy subjects twice in a placebo-controlled trial: once after administration of 

recombinantt human IFN-y (rhlFN-y, 100 ug/m2 subcutaneously) and, at least 4 weeks later, after 

administrationn of saline. Additionally, we studied the expression of adhesion molecules on T-

lymphocytess after in vitro incubation of whole blood with rhDFN-y. IFN-y induced a significant 

depletionn in the number of T-lymphocytes (p<0.05 vs control), which was more severe in the CD8+ 

thann in the CD4+ T-cell subset. The numbers of naive CD4+ T-cells and memory CD4+ T-cells were 

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

preferentiallyy as compared to naive cells (p<0.05 vs control). In addition, IFN-y induced a decrease in 

B-cells,, NK-cells and monocytes. After an initial increase, granulocyte counts decreased significantly 

ass compared to controls. These effects appeared not to be due to the minimal rise in plasma Cortisol 

levelss (p<0.05 vs control). In vitro, IFN-y did not upregulate the expression of CD 11 a, NKI LI6, 

CD11 lb, LFA-3 or VLA-4. We conclude that the administration of a single dose of IFN-y to healthy 

subjectss profoundly affects the numbers of several leukocyte subsets in the peripheral blood 

compartment. . 
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Introductio n n 

II
nterferon-gammaa (IFN-y), which is produced by natural killer (NK) -cells and 
activatedd T-cells, is a cytokine with pleiotropic effects on the immune 
system.. In addition to well known immunomodulatory properties like 
upregulationn of MHC molecules and directing an immune reaction towards a 
T-helperr 1 response, IFN-y has effects on the human immune system which 

aree less well defined. One of these effects is its influence on leukocyte traffic (1). 
Inn primary human immunodeficiency virus (HIV) infection, a decrease in CD4+ T-
cellss is usually attributed to viral induced cell death (2). However, in monkeys and 
humanss with acute primary simian immunodeficiency virus (SIV)/HIV infection, a 
reversiblee decline of CD4+ T-cells correlated with increases in IFN-y and tumor 
necrosiss factor- a (TNF-a) plasma levels (3). In rats, IFN-y administration appears 
too influence the migration of T-cells, in particular of naive CD4+ T-cells. These 
observationss suggest a role for IFN-y in T-cell recirculation (4,5). 

Mostt of our knowledge about the effects of IFN-y administration on the 
immunee system, is derived from in vitro experiments, animal studies and 
therapeuticc trials in humans. In studies in which IFN-y is administered to patients, a 
diseasedd immune system and simultaneously administered drug medication may 
confoundd the obtained results. Therefore, we studied the effects of administration 
off  IFN-y on leukocyte dynamics of healthy subjects in a saline-controlled crossover 
studyy and focussed on kinetics of naive and memory effector CD4+ and CD8+ T-
lymphocytes.. Since leukocyte recirculation is influenced by the expression of 
adhesionn molecules, we additionally studied the in vitro effects of IFN-y on the cell 
surfacee expression of CD1 la, NKI L16 (the activation epitope of CD1 la), CD1 lb, 
LFA-3andVLA-4. . 
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Subjectss and Methods: 

Inn vivo studies 
Subjects Subjects 

Sixx healthy male volunteers (age 22  1 yr, mean  SEM) participated in the study. 
Al ll  were in good health, had not experienced any febrile disease in the month prior 
too the study and did not use any medication. The study was approved by the 
Researchh Committee and the Medical Ethical Committee of the Academic Medical 
Center,, Amsterdam. All subjects gave written informed consent. 

StudyStudy design 

Eachh subject was studied twice, with an interval of at least four weeks between the 

twoo studies. On one occasion the subjects received recombinant human interferon-

gammaa (rhIFN-y) (Immukine, Boehringer Ingelheim GmbH, Ingelheim/Rhein, 

Germany),, on the other occasion saline (control study). The order in which rhIFN-y 

orr saline was given was determined by balanced assignment. To rule out any 

effectss of meal intake, subjects were fasted from 6.00 h P.M. the day prior to the 

study,, until the end of the first study day. Before the start of the study, a 19-Gauge 

catheterr was inserted retrogradely into a hand vein. The catheter was kept patent by 

infusionn of NaCl 0.65% (30 ml/h). During both studies the subjects were confined 

too bed. Just before 9.00 h A.M. (t=0) blood samples for baseline Cortisol and IFN-y 

levels,, leukocyte counts and T-cell subsets were drawn {fig. / ). At t=0, 100 ug/m2 

rhIFN-yy or a simular volume of saline was injected subcutaneously. At 30 min and 

1,, 2, 4, 6, 8, 10 and 12 hours after injection of rhIFN-y or saline, blood was drawn 

forr the measurement of Cortisol and IFN-y concentrations and leukocyte counts and 

differentials.. Twenty-four and 48 hours after the injection of rhIFN-y or saline, 

bloodd was drawn for determination of IFN-y serum levels and leukocyte counts and 

differentialss again. Blood were samples taken at t=0 h and at 30 minutes and 4, 8 

andd 24 hours after administration of rhIFN-y for analysis of surface marker 

expressionn on leukocytes. 

Assays Assays 

Bloodd drawn for determination of plasma Cortisol and serum IFN-y levels was 

centrifugedd at 4 °C and 3000 rpm for 10 minutes. Supernatants were immediately 
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storedd at -80 °C. Blood 
drawnn for the determination 
off  leukocyte surface markers 
wass collected in pre-chilled 
EDTA-containingg tubes. 

Al ll  samples were thawed 

onlyy once. Al l measure- Figure 1 Study design: Six healthy subjects were 
mentss in serum of each studied twice; once after administration of rhlFN ŷ and, on 

anotherr occasion, after administration of saline. IFN-y serum 
individuall  subject were levels were determined at the same time points as the 
performedd in the same run J ^ ^ differentials, except for t = 0.5 hours and t = 48 

andd tested in duplicate. 
Cortisoll  was measured using a fluorescence polarization immunoassay (Abbott 
Laboratories,, North Chicago, IL, USA; intra-assay CV 6.4%, inter-assay CV 9.0%) 
IFN-yy w as measured using a sandwich ELISA with a detection limit of 31 pg/ml (6). 
Leukocytee counts and differentials were determined by flow cytometry (Technicon 
HII  system, Technicon Instruments, Tarrytown, USA) 

Celll  surface markers were measured using flow cytofluorometry. Whole blood was 
lysedd twice, using ammoniumchloride (0.155M) with potassium-EDTA (0.5mM) and 
subsequentlyy washed with phosphate buffered saline (PBS) supplemented with bovine 
serumm albumin (BSA, 0.5% w.v.), sodium azide (0.01% w.v.) and potassium EDTA 
(0.55 mM) (=PBAP). Before and after these lysis steps, cells were fixed with 
paraformaldehydee 0.5% w.v. and 2%, respectively. Subsequently, Fc-receptors were 
blockedd using pooled human serum (10% v.v.) in PBAP. Then, cells were incubated 
withh directly labeled monoclonal antibodies (mAbs) in appropriate dilutions. 
Irrelevantt mouse mAbs were used as control for background staining. After 30 min 
thee incubated cells were washed and suspended in PBAP. Cells were constantly kept 
onn ice during incubation periods. For washing procedures, media chilled to 0 C were 
used.. Data acquisition was performed on a FACScan flow cytometer (Becton 
Dickinson,, Mountain View CA, USA). All data were saved. Acquisition was stopped 
afterr 5000 events had been measured in the lymphogate. Lymphocytes, monocytes 
andd neutrophils were gated by forward and side scatter parameters. 

PrimaryPrimary antibodies 
Three-colorr cytofluorometry was used. All mAbs were directly labeled with 
fluorochromes.. Irrelevant antibodies used as isotope controls were fluorescein 
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isothiocyanatee (FITC)-, R-phycoerythrin-cyanide 5 (RPE-Cy5)- or phycoerythrin 
(PE)-- labeled, all directed against mouse antigens. 

Inn all combinations of mAbs used, mAbs directed against CD4 (DAKO, Glostrup, 
Denmark)) and CD8 (DAKO) were RPE-Cy-5-labeled. Other mAbs used were FITC-
labeledd mAbs against CD4 (DAKO), CD16 (Central Laboratory of the Netherlands 
Redd Cross Blood Transfusion Service (CLB), Amsterdam, The Netherlands), CD1 la 
(DAKO),, CD19 (BD), CD45RA (BD) and PE-labeled mAbs directed against CD62L 
(BD)) and CDllb (DAKO). NK-mix was FITC and PE-labeled (BD). Naive cells are 
definedd as cells expressing CD45RA and CD62L as described by Rabin et al (7). 
Consequently,, memory/effector T-cells are defined as CD45RA7CD62L' or 
CD45RAA 7CD62L+ or CD45RA7CD62L". 

Inn Vitro studies 

StudyStudy design 

Bloodd of three healthy male volunteers was sampled by venapuncture in heparinized 
tubess (sodium heparin). Immediately after sampling, blood of each individual was 
dividedd over different tubes which were kept in a 37 °C waterbath. At r=0 hour, 
rhIFN-YY was added (1000 pg/ml, two times the mean plasma peak concentration of 
IFN-yy reached during the in vivo study). OKT3 (Ortho Diagnostics System, Raritan, 
NJ,, USA), a murine IgG2a mAb against CD3+ T-lymphocytes, served as a positive 
controll  (lug/ml) (8). At tH), 1 and 6 h blood samples were taken and expression of 
surfacee markers was analyzed. 

Too be able to measure changes in expression of the activation epitope of the adhesion 
moleculee CD1 la, NKI LI6 (9,10), a FACS analysis protocol which did not forescribe 
thee use of potassium-EDTA was chosen. Peripheral blood mononuclear cells (PBMC) 
weree isolated by Ficoll-Paque density gradient centrifugation and subsequently 
washedd using PBS supplemented with BSA (0.5% w.v.) and sodium azide (0.01% 
w.v.)(PBA).. PBMC were incubated with directly labeled mAbs in appropriate 
dilutions.. For further procedures, see above. 
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1.8.11.8.1 Primary antibodies 
Thee mAbs used were CD4, CD8, CD45RA, CD lib , CDlla (same labeling and 
manufacturerss as in vivo study), CD45RO-PE (BD), NKI L16-FITC (kindly provided 
byy Prof. C.G. Figdor, Nijmegen, The Netherlands), LFA-3-FITC (Immunotech, 
Marceille,, France) and VLA-4-PE (BD). 

CalculationsCalculations and statistic 

Al ll  data are presented as the mean  SEM, unless mentioned otherwise. Data were 
analyzedd by analysis of variance for randomized block design and Newman-Keuls 
testt when appropriate. A p-value of < 0.05 was considered to represent statistical 
significance. . 

Results s 

Inn vivo studies 

IFN-yIFN-y plasma concentration 

Duringg the control study, IFN-y levels remained below or just above the detection 

limi tt of the assay (31 pg/ml). In the intervention study, IFN-y levels increased 

gradually,, reaching a peak level at 6 hours after administration (p < 0.05 

interventionn vs control) (fig. 2). Plasma values of IFN-y at 24 hours after IFN-y 

injection,, were not different 
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FigureFigure  2 Effect s of IFN^y 
administratio nn on IFN-y plasm a 
concentration ::  Plasm a IFN-y 
concentratio nn (mean  SEM) 
afterr  rhlFN^ y admi-nistratio n 
(close dd circles)  vs salin e 
administratio nn (open circles) . 
* == P<0.05 vs the correspon -
din gg value  on the contro l day. 
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LymphocyteLymphocyte counts and T-cell subsets 

CD4,CD4, CD8, naive- and memory T- cells 

Baselinee lymphocyte counts did not differ between the two studies. During the 

controll  day a circadian rhythm of leukocyte circulation was observed (fig. 3). 

Alreadyy 2 hours after the administration of IFN-y, lymphocyte counts showed a 

sharpp decline, reaching a nadir after 6 hours (p<0.05 vs t=0 h, p<0.05 vs control 

study,, fig. 3). Subsequently a slow recovery of lymphocyte counts started, although 

baselinee values had not yet been reached at t=48 h. 
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FigureFigure 3 Effects of \FN-y ad-
ministrationn on leukocyte counts: 
Leukocytee counts (mean  SEM) 
afterr rhlFN^y administration (clo-
sedd circles) vs saline admin-
istrationn (open circles). 
* == P<0.05 vs the corresponding 
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FigureFigure  4 Effect s o f s.c . IFN-y administratio n on T lymphocyt e subsets : 
Meann value s  SEM as percentag e relativ e to th e value s at t=0 h of CD4+ T cell s (4a) and 
CD8++ (4b) T-cell s and percentag e (mean  SEM) of memor y T-cell s withi n th e CD4* (4c) T-cel l 
subse tt  and memory/effecto r cell s withi n th e CD8+ (4d) T-cel l subse t afte r rhlFN- y 
administratio nn (close d circles ) v s salin e administratio n (ope n circles) . Absolut e valu e o f 
CD4** T-cell s at t=0 h: 0.88  0.13 x 109/L. Absolut e valu e of CD8+ T-cell s at t= 0 h: 0.41 + 0.04 
xx 109/L . * = P<0.05 vs th e correspondin g valu e on th e contro l day . 

Thee absolute number of CD4+ and CD8bright T-cells showed a decline starting 4 

hourss after the administration of IFN-y, which lasted until at least t=24 h. At t=8 

hh the depletion in the CD8bright T-cell subset (46% of t=0 value) was significantly 

lowerr (p<0.05) than the decrease in CD4+ T-cells (57 % of t=0 value) (fig. 4). 

Noo differences were detected in the percentage of naive or memory cells within the 

CD4++ T-cell subset. On the contrary, within the CD8bright T-cell subset, 

memory/effectorr cells disappeared preferentially as compared to naive cells 

(p<0.05)(//g.44 and 5) The most outspoken decrease in percentages took place in the 

CD45RA"" CD62L" subpopulation. There were no significant effects of IFN-y on the 

memory/effectorr CD8bright T-cell subpopulations expressing CD45RA+ CD62L" and 

CD45RA"" CD62L+. No significant changes were observed in the control group. 
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1.8.21.8.2 B-cells andNK cells 

Thee percentage of B-cells did not show a significant change between the control 

andd intervention studies. The percentage of NK cells decreased after 4 hours, 

reachingg its nadir after 8 h 5 at t=0 h vs % at t=8 h, p<0.05 vs 
control). . 
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FigureFigure  5 Naive and memory/effecto r CD8bngh ' T-cell s after salin e or IFN^y: 
Sixx  health y subject s were studie d twice : onc e after administratio n of rhlFN-y and, on anothe r 
occasion ,, after administratio n of saline . Withi n the CD8bngh ' T-cell sub-se t memory/effecto r T-
cell ss  (CD45RAVCD62L or CD45RA/CD62L ' or CD45RA7CD62L" ) are preferentiall y depleted . 
Number ss show n are the percentage s of CD8bngh t T-cell s positiv e or negativ e for CD45RA 
and/o rr  CD62L. The figur e show n is one re-presentativ e (t=0 and t=8 hour s after salin e or IFN-
y)) out of 6 differen t subjects . 
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MonocyteMonocyte and granulocyte counts 
Thee total number of monocytes initially showed a sharp nadir with a maximal 
decreasee after 2 hours (p<0.05 vs control study). This monocytopenia was rapidly 
followedd by a recovery which proceeded in an overshoot reaction at t=24 h (p<0.05 
vss control study). At the end of the study monocyte counts had returned to baseline 
valuess (fig. 3). 
Neutrophilicc granulocyte counts reached a peak level at t=8 h (p<0.05 vs t=0 h, 
p<0.055 vs control study). Subsequently a depletion, which was still apparent 48 hours 
afterr the administration of IFN-y, could be observed {fig. 3). 

EndocrineEndocrine effects after administration of IFN-y 
Baselinee Cortisol levels did not differ between the two studies. After administration 
off  IFN-y, a modest, transient increase in Cortisol levels with a peak after 4 hours 
wass found 4 at t=0 vs 9 umol/1 at t= 4, p<0.05 vs control). 

Inn vitro studies 
Theree was no effect of IFN-y on any measured parameter as compared to negative 
controls,, whereas OKT3 (positive control) enhanced NKI L16 expression on both 
CD4++ and CD8bright naive and memory T-cells after incubation periods of one and 
sixx hours (data not shown). 

Discussion n 

Inn this study the influence of administration of a single dose of IFN-y on leukocyte 
dynamicss in healthy human individuals was evaluated. IFN-y induced immediate 
effectss on leukocyte counts in the peripheral blood compartment (PBC) consisting 
off  an early decrease in T-lymphocytes, B-cells, NK-cells and monocytes, 
parallelledd by a rise in the number of granulocytes. Within the T- lymphocyte 
subset,, CD8+ T-lymphocytes showed a more pronounced decrease than CD4+ T-
lymphocytes.. In addition, memory CD8+ T-lymphocytes were affected more severe 
thann their naive counterparts. 
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Cytokiness have since long been recognized for their pleiotropic effects on 

thee immune system. Their specific roles in human pathophysiology are often 

unexplained.. Because of its activating effects on the cellular immune system and 

onn macrophages in particular, IFN-y is an approved drug for the treatment of 

chronicc granulomatous disease (CGD) (11). Moreover, many clinical trials on the 

effectss of IFN-y have been undertaken on a spectrum of other diseases (12,13). 

However,, interpretation of data in patient bound studies is difficult due to 

intercurrentt disease and co-administration of other drugs. For this reason, we 

choosee to study the effects of IFN-y after its administration to healthy volunteers. 

Thee plasma IFN-y levels after IFN-y administration were within the range of those 

reportedd in several diseases. For example, in acute malaria IFN-y levels were 

11 pg/ml, in HIV infection 215-396 pg/ml and in pneumonia 238-867 pg/ml 

(14-17).. For this reason, our study is relevant with respect to the short term effects 

off  moderate increased IFN-y levels in human pathology. The effects of IFN-y on 

granulocytee activation had already been studied in healthy humans (18). However, 

thee outspoken granulocytosis we measured during the first study day, was not 

detectedd in the study from Schiff et al. due to late sample time points in the latter. 

Thee question arises whether the observed decrease in lymphocyte counts 

wass induced by increased levels of corticosteroids, since Cortisol and its analogues 

(i.e.. prednisolone) are known to induce lymphocytopenia (19,20). In our study, 

plasmaa Cortisol levels rose significantly. This is in accordance with studies of 

Goldsteinn and Spath-Schwalbe on the endocrine effects of IFN-y in man (21,22). 

Enhancedd plasma Cortisol levels were detected only four hours after the 

administrationn of IFN-y. However, the total number of lymphocytes was already 

significantlyy decreased at 2 hours before this enhanced plasma Cortisol 

concentration.. Moreover, 30 mg of prednisolone has to be administered to achieve 

aa decrease in lymphocyte counts which is comparable with the lymphocytopenia 

seenn in our study (23). Administration of this dose of prednisolone induces a peak 

plasmaa concentration that is similar to a Cortisol plasma level of 4 umol/1 (24). In 

ourr study, the administration of IFN-y induced a peak plasma concentration of 

Cortisoll  which was a tenfold lower, reaching 0.41 umol/1. Thus, the enhanced 

Cortisoll  levels in our study cannot be responsible for the observed decrease in 

lymphocytee counts. 
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Thee transient decrease in peripheral blood lymphocyte counts suggests an effect of 
IFN-yy on t ne migration of these cells. Possibly, IFN-y causes a redistribution of 
lymphocytess between the peripheral blood and lymphoid organs. Whether this 
redistributionn is due to an increased influx of cells from the peripheral blood 
compartmentt to lymphoid organs, or to a decreased efflux of cells, can not be 
deducedd from this study. An effect of IFN-y on lymphocyte redistribution may 
theoreticallyy be exerted on the circulating lymphocyte itself, on the lymphoid 
organss involved in lymphocyte recirculation, or on both. A transient conversion of 
memoryy cells to naive T-cells seems unlikely, since this phenomenon takes place in 
aa period of days instead of hours (25,26). We could not demonstrate an in vitro 
effectt of IFN-y on several lymphocyte adhesion molecules. In vitro studies suggest 
thatt the binding on endothelial cells occurs at least partly independent from the 
ICAM-1/CD11 la pathway (27-29). Indeed, in our in vitro experiments, stimulation 
off  whole blood with IFN-y did not enhance expression of CD 11 a, nor of its 
activationn epitope NKIL16 on T-lymphocytes. Additionally, no influence of IFN-y 
onn the expression of CDlla or CD li b on CD4+ T-cells drawn from our IFN-y 
treatedd subjects could be demonstrated (data not shown). Therefore, IFN-y 
probablyy interferes with homing of lymphocytes via an effect on endothelial cells, 
whichh is supported by data in the literature (30,31). In healthy subjects, we 
measuredd effects on lymphocyte numbers in the peripheral blood already 2 hours 
afterr IFN-y administration. An early effect on the migration of lymphocytes 
mediatedd by endothelial cells is considered and supported by data from the 
literature.. Incubation of endothelial cell monolayers with IFN-y for only 1 hour 
causedd an increase of lymphocyte migration of 67% (31). However, we do not 
excludee that mechanisms other than effects on endothelial cells may play a role as 
well.. Finally, unequal effects upon the subpopulations under study may point to 
selectivee expression of IFN-y receptors or to the existence of yet unknown 
receptorss on these cells which are involved in the migration of lymphocytes and 
whichh are differentially affected by IFN-y. 

Thee results of this study, indicating a dominant influence of IFN-y on 
memory/effectorr CD8+ T-lymphocytes in humans, are in contrast to data obtained 
inn vivo in rats, in which IFN-y administration induced lymphocytopenia, 
predominantlyy of naive CD4+ T-cells (4,5). However, an isolated effect on CD8+ T-
cellss is in accordance with findings in lymphocyte adhesion studies in vitro, in 
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whichh IFN-y treated endothelial cells preferentially bound CD8+ human T-

lymphocytess (32). Probably, several species are differentially susceptible to the 

effectss of IFN-y. 

Speculations Speculations 

Inn general, CD8+ T-cells and NK cells are attracted to lymphoid organs to 

encounterr possible antigens. In this way, IFN-y, which also increases the 

expressionn of MHC class I molecules, enhances the interaction between host cells, 

whichh present viral peptides, and CD8+ T-cells. At the same time, the increase in 

MHCC class I expression protects uninfected host cells against an attack by NK-

cells. . 

Inn conclusion, IFN-y has profound effects on leukocyte dynamics in 

healthyy humans. Within the T-lymphocyte subset, IFN-y exerts a selective effect on 

CD8++ T-cells, inducing a preferential decrease of memory/effector cells in the 

peripherall  blood compartment. 
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