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Summary. Elevated plasma levels of mterleukin 8 (II-5)
were previously shown to be associated with recurrent
venous thrombosis To assess the risk of venous thrombosis
IL-8 plasma concentrations were measured in paticnts and
control subjects of the Leiden Thrombophilia Studs (I1TTS)
This population based cdase—control study included 474
patients with 4 first deep-vein thrombosis and 474 age- and
sex-matched controls The risk of venous thiomboss for
subjects with elevated IL-8 levels (above 90th peicentile of
controls) compared with subjects with [L-§ levels below the
90th percentile was mcreased 1 8-fold (95%C1 1 2-2 8)

Adjusted fo1 age and sex thce odds ratio was 19 (95°,C1
13-2%) II & concentrations were weahly correlated with
age male sex and concentrations of C-reactive protemn
factor VIII coagulation activity and homocdisteme but
adjustment for these factors did not substantially affect the
assoclation between I1-§ and venous thrombosis QOur
results suggest that 1I1-6 15 a risk factor for venous thiom
bosis

Keywords venous thrombosis epidemiology interleukin S
mflammation risk factors

Classic nisk factors for venous thrombosis mclude acquired
factors such as immobilization surgerv and malignancies
and genetic nisk factors 1e activated protemn C resistance
(factor V Leiden) and dehiciencies of protein C (PC) protein
S (PS) or antithrombin (AT) Recently elevated plasma
levels of factor VIII hyperhomocystemnaemia and prothrom-
bin 20210A have been added to the series of risk factors
(reviewed by Rosenddal 1999) A previous studv i paticnts
with recurrent venous thrombosis suggested mnterleukin &
(IL-8) to be a risk factor for venous thrombosis (Van Aken
et al 2000)

Interleukin 8§ a C-X-C chemokine 1s produced by several
cell types mcluding endothehal cells peripheral blood
monocytes neutrophils  epithelial cells and fibroblasts
(remewed by Hoch ¢t al 1996 and Tuster 199&) The
main function of IL-8 1s the activation of mtegrin-mediated
adhesion of neutrophuls (Tuster 1998) and 1t was recently
shown that IL-8 1s a powerful trigger for adhesion of
monocytes to vascular endothelium (Gerssten et al 1999)
Several studies have identified IL-8 mn association with
various acute and chronic mflammatorv conditions mclud
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mg sepsis  psortasis  rheumatoid arthitis and  asthmo
(reviened by Hoch «t al 19961 Promtlammatory (vtokimnes
IL 1B and tumour necrosts factor o (INI o1 and viral and
bacterial stimuli can induce 11 S producton

The mmportance of mflammatorny rcsponses m yonous
thrombosis has been shown m o vtre studies tJjohnson
ctal 1996 Senden «fal 199S) and m ammal models
(Wakefield ¢t al 1993 1995 1997} but hitle v knoun
about the dassocation of mflammmatory  mediators  and
venous thrombosts i humans Studics usmg o« human
awvperimental  (ndotoxacmia moddd  have suggested an
mteraction between mflammatory mediators and blood
coagulation (Van Deventer ¢t ol 1990} Infusion ol endo
toxin m healthy voluntecrs resulted in maeased plasma
levels of -1 II-6 11 & and TNI o as well as of
coagulation dctivation markers Recently  elevated con
centrations of Creactine protein (CRP}) have been detected
in patients with a first ¢pisode of venous thromboss
suggesting an association with  systemic  nflammation
(Kamphuisen et al 1999)

Based on thesc considerations we theotwred that II
levdds may plav a causative role m venous thrombosis In
order to obtain evidence for this supposition the association
bctween elevated plasma levels of I & and venous throm-
bosts was andlyvsed 1 a casc—control study of patients with a
tust episode of venous thrombosis
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PATIENTS AND METHODS

Study population  1he Ietden Thrombophilia Study (LLTS)
has been described previously (Koster et al 1993) Briefly
474 patients with a first episode of objectively demonstrated
deep venous thrombosis and 474 age and sex-matched
healthy controls were mnduded Patients with known
mahgnant disorders were excluded and patients were seen
only after anticoagulant treatment had been discontinued
for at least 3 months Lhis was alwavs > 6 months after the
event because oral anticoagulant (OAC) treatment was
routinely gnen for 3 months lorty-eight (10%) ot the
patients were on long-term coumarin treatment and were
not allowed to interrupt therr medication for various reasons
{Koster et al 1995) The healthy control subjects were
dcquamtdances of patients or partners of other patients and
were sclected according to the following criteria same sex
same age (X 3 years) no biological relationship no history
of venous thromboembolism no use of coumarin-derivatives
for at least 3 months and no known malignancies

Laboratory studies Blood was collected trom the ante-
cubital vein wnto tubes containing 0 106 mol/l trisodium
ctrate Plasma was prepared by centrifugation for 10 min
at 2000 g at room temperature and stored at =70°C IL-8
concentrations were medsured using dan ensvme linked
immunosorbent assdav {LLISA) with a detection limit of
20 pg [1-8/ml (Central Laboratory of the Netherlands Red
Cross Blood Transtusion Service CLB  Amsterdam lhe
Netherlands) Plasma samples were assaved mn a blind
manner If the ditference between the mean ol the duphcate
measurements and the measurements separately exceeded
107 of the mean value the measurement was not repeated
and the sample was excduded from further analvsts This
resulted in a case/control ratio of 466/462 Samples below
the detection limit were designated as 2 pg/ml

Statistical analysts We  calculated odds ratios as an
estimate of the relative risk of venous thrombosis in subjects
with elevated I1.-8 concentrations using the 90th percentile
of IL-8 as a cut-off value based on the distribution mnn the
control population and under the assumption that levels
measured after the event fairly represent those of before the
event The odds ratios in the group with elevated IL-8
concentrations were calculated using logistic regression
analvsis with the group below the 90th percentile as the
reference category All odds ratio calculations were adjusted
for age and sex except when stratification tor sex or age was
pertormed The 90th percentile of the [L-8 concentrations of
the control study population was 7 1 pg/ml for men 1t was
7 5 pg/ml and for women 1t was 6 8 pg/m! The possible
confounding effect of age on the association between [L-8 and
venous thrombosis was analysed using equally distributed
age-tertiles designaled young (lowest tertile) mddle (second
tertile) and old (upper tertile) Tor the total study population
the age tertiles were < 40 40-51 and > 51 vears

RESULTS

lhe mean age of the whole population was 45 years

S 7Y

(range 15-72) 57% were women Thirty-six per cent of

both patients and control subjects were current smokers
while the mean body mass index (BMI) was 26 (range 14—
46) hg/m? The mean I1-8 concentration was higher 1n the
patients than the controls [8 O pg/ml (95%CI 6 0-100)
versus 4+ 4 pg/ml (95%CI 4 O 4 8)] Eleven per cent of the
controls and 9% of the patients had plasma levels below
the detection hmit (2 0 pg/ml) The IL-8 plasma concen-
trations of individual patients and controls are shown n
g 1

1o evaluate the assocation between IL-8 plasma con-
centrations and venous thrombosis a cut-off value of
7 1 pg/ml (90th percentile of the control population) was
used Scventy-seven (17%) patients were detected with
clevated IL-8 concentrations (above 90th percentile) com-
pared with 45 (10% by definition) of the controls [odds ratio
19(95%CL 1 2-2 8)] Using the cut-off of 16 2 pg/ml (99th
percentile) 23 (5%) patients with elevated IL-8 were
detected 1in comparison with four (1% by definition) controls
[odds ratio 60 (95%CI 2 0-17)] Odds ratios using other
cut-off values are shown in Table I By dividing the IL-8
concentrations mto quintiles and comparing each quintile
with the lowest we found a conceniration-dependent
associdation pointing towards a threshold effect The nisk
wds not increased in the second [odds ratio 10 (95%CI
00 7-1 6)] and third quintile [odds ratio 10 (95%CI 0 6-
15)] while in the fourth quintile [odds ratio 12 (95%CI
0 81 8)] and 1n the fifth quintile [odds ratio 18 (95%CIL
1 2-2 8)] the odds ratio was mncreased

In control subjects we examined which factors influenced
the II-8 concentration The mean IL-8 concentration was
higher in men {5 3 pg/ml (95%CI 4 4-6 1)] than in women
[3 8 pg/ml (95%CI 3 4-4 1)] IL-8 concentrations mcreased
by 0 2 pg/ml (95%CI-0 5-1 0) per 10 years of age Distni-
bution of the control subjects in age groups showed that 30
(10%) of the subjects between 40 and 51 years and 70
(23%) above the age of 51 years had an elevated IL-8
concentration (> 7 1 pg/ml 90th percentile) compared
with 22 (7%) of the subjects under the age of 40 years
The mean IL-8 concentration was higher m subjects
with elevated (> 51 pg/ml 90th percentile) CRP plasma
levels [5 5 pg/ml (95%CI 3 0-8 0)] than m other subjects
[4 3 pg/ml (95%CI 3 9-4 7))

Risk factors for venous thrombosis mclude high levels of
factor VIII coagulant activity (FVIII C) and homocysteine
Among healthy subjects with elevated FVHI C concentra-
tions (> 100 I1U/dl) the IL-8 conceniration was slightly
mcreased [n = 344 4 6 pg/ml (95% CI 4 0-5 1)] compared
with subjects with low TI'VIIIC (< 100 IU/dD{n = 130
4 0 pg/ml (95%CI 3 6—4 4)] Homocysteine was analysed in
the subjects recruited n the Leiden area only (control
subjects n = 309) The IL-8 concentration was mcredsed n
subjects with elevated homocysteine concentrations (> 90th
percentile 16 7 pmol/l) [n = 30 4 8 pg/ml (95%CI 3 9-
57)versus n = 279 42 pg/ml (95%CI 4 0-4 5)] Analysis
of life-style factors BMI and smoking showed that among
overweight subjects (BMI > 90th percentile 31 kg/m?) the
mean IL-8 was higher [4 6 mg/l (95%CI 2 8-6 3)] than
among other subjects [44 mg/l (95%CI 40-48)] In
smokers the IL-8 concentration was not different from

© 2002 Blackwell Science 1'td  British Journal of Haematology 116 173-177
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Table I Thrombosis rish for different cut off ponts of IL § concentrations

IL-8 plasma concentrations Patients {166) Controls (462) OR (95 (D)

< 80th percentile (5 6 pg/ml) 336 373

> 80th percentile 130 59 17¢12-23)
< 90th percentile (7 1 pg/ml) 389 417

> 90th petcentile 77 45 19¢(12-2%)
< 95th percentile (8 2 pg/ml) 401 440

> 95th percentile 635 22 33(20 55
< 99th percentile {16 2 pg/ml) 443 458

> 99th percentile 23 4 6020 17)

0Odds ratio adjusted for age and scx

non smokers [respectivelv 4 2 mg/l (95%CI 3 8—4 7) versus
45 (95%CT 3 9-5 1)]

Next we nvestigated the 1ole of the above-mentioned
factors on the association between elevated IL-8 (> 90th
percentile) and venous thrombosis Adjustment for FVIII C
[odds ratio 1 7 (95%CI 1 1-2 6)] homocvstene [odds ratio
17(95%CI11-26)] CRP [odds ratio 1 8 (95%CI 1 2-2 6)]
or BMI [odds ratio 17 (95%CI 1 1-2 6)] only margmally
affected the associtation between venous thrombosis and
elevated IL-8 plasma concentrations

The presence of other thrombosis risk factors (factor V
Leiden prothrombin G20210A factor VIII factor IX factor
XI and antithrombin protein C o1 protein S deficiencies) did
not affect the association between elevated 1I 8 (> 90th
percentile) and venous thrombosis [odds ratio 17 (95% (1
11-27)] and neither did exclusion of these patients fodds
ratio 1 9 (95%Clt 1 2-2 9]

Patients were mcluded m the study at different tume
intervals after the thrombotic event [mean 21 (range 6-68)
months| II 8 concentration was not related to this time
mterval Patients who were seen more than 28 months
after the thrombotic event had a similar frequency (16%) of
elcvated IL & concentration as those seen within 12 months
after the thrombosis (18%) Additionally analvsis after
exclusion of the subjects with an elevated CRP concentra
tion (> 51 ug/ml 90th pacentile) did not affect the
association between IL & and venous thrombosis although
51 (13%) patients with elevated IL-8 concentiations were
present compared with 37 (9 /) of the controls [odds 1atio
16(95%C110-25)]

[I-5 concentrations were highcr among oral anticoagu
lant {OAC) users than among non usas lhe reasons for
continuing OAC tteatment were as follons 15 of these 4%
patients had a 1ecuirence sy had a history of myocardial

© 2002 Blackwell Saience Ltd Brtrsh Jowrnal of Haomatology 116 173 177
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infarction (M and seven were diagnosed with PC/PS/ATL
deficiency Thus 28 out of 48 mndividuals had a dear
medical reason for continuing OAC treatment 1hese
conditions {recurrence ML second thrombophilic defect)
were present i only 19 of the other 399 patients

F'nehve out of 46 (267} patients sull using OAC had
elevated 11 & concentrations mn contrast to 65 (157)) of the
420 patients without OAC Excdusion of OAC users resulted
m 6 (16%) patients with elevated 1L 8 concentrations
(> 90th percentle) versus 45 (10%) controls |1 7 (95%CI
11-23)] Using the cut-off of 71 pg/ml (90th percentile)
the adjusted odds 1atio was 29 (95%CI 21 8- 9) and
using the cut-off of 162 pg/ml (99th percentile} the
adjusted odds ratio was 6 0 (95%C1 20-17 7)

Sepdrate analysis showed similar odds ratios for men and
women with elevated 1L 8 concentrations {for men 153
{95 4CI 08-26) and for women 22 (95%CIL 1 3-39)]
Strattfication bv age showed that the effect of II-8 was
liunited to middle-aged subjects {age 30-31 vears odds ratio
34 (93%CE 1 6-7 2)] while in vounger [age <30 odds
tatio 29 {93°%CL 06-147)] or elderly subjects {age
> 351 vears odds 1ate 13 (95%CI 0 8-2 2)] an mncreased
rish of venous thrombosis was less obvious

DISCUSSION

Elevated concentrations of I1-8 are associated with venous
thrombosis Plasma concentrations of II -8 (above the 90th
percentile) lead to a 19-fold (adjusted for age and sex)
increased risk of venous thrombosis The association
between venous thrombosis and IL-8 15 most pronounced
between the age of 40 and 51 vears and 1s not atfected by
levels of T'VIIL C or homocvsteine

Several mechanisms mdy explain the association between
clevated I -8 concentrations and venous thrombosts First
I1.-8 has been shown to mduce tissue factor an important
inducer of blood coagulation on monocvtes (Neumann
et al 1997) Second leucocvte recruitment 15 mnduced by
1L-8 (Luster 1998) Leucocytes are the first cells to adhere
to venous endothelium 1n a model of stasis-induced deep
venous thrombosis and these leucocytes then stimulate
thrombus formation (Schaub et al 1984) Furthermore 11.-8
could contribute to the mduction of a procoagulant surtace
by triggering the adhesion of monocvtes to the endothelium
(Gerssten et al 1999)

1he mam stimuli for IL-8 production are proinflamma-
tory cytokines such as I1-1 and TN\I-2 bacterial products
and viral infection (Baggiolint et al 1994) It can only be
speculated which stimull are responsible for the mcreased
[L-8 concentrations assoclated with venous thrombosis
The potential role of infectious agents m the pathogenesis
of vascular disease has been studied 1 relation to
atherosclerosis These studies have suggested that mfec-
tions with for example Chlamydia pneumontae Helicobacter
pylorr and cytomegalovirus are associated with atheroscle-
rosts (Ross 1999) These infectious agents may induce the
production of IL-8 m the endothellum and monocytes
(Kragsbjerg et al 1995 Bliss et al 1998 Murayama et al
1998) Therefore 1t 1s worthwhile to explore the potential

role of these mfections m the mduction of II-8 1n relation
1o venous thrombosis

Studies mn baboons have shown elevations i IL-8 levels
after mduction of a thrombus suggesting that the
thrombotic event could contribute to an increased IL 8
concentration (Wakefield et al 1993) Nevertheless 1t 1s
unlikely that the thrombosis itself was responsible for the
mcreased 1L-8 concentrations as the subjects were
included at least 6 months after the thrombotic event
IL 8 concentration was not related to the tume mnterval
between thrombotic event and measurement of IL-8 and
no decrease mn IL-8 level was detected in patients who
were mncuded more than 28 months after thewr throm-
botic event compared with the patients included within
12 months Although plasma levels of CRP a marker for
inflammation are high 1 patients adjustment for CRP
did not affect the thrombosis risk of elevated acute phase
protems TVHIC and fibrinogen (Kamphuwsen et al 1999)
or II-8 suggesting that these assocldations are not owing
to 4 post-thrombotic dacute phase response However we
cannot exclude the possibility that post-thrombotic syn-
drome or underlying malignancies contributed to the
clevated IL-8 concentration mn some patients which may
in part or completely be responsible for the observed
dassoclation

Another possibility 1s that the increased concentrations of
I1-8 reflect occult cancer because many cancers produce
II-8 It 15 also well-known that patients with 1diopathic
venous thrombosis have a higher frequency of underlymg
cancer (Monreal et al 1997) In fact venous thrombosis 1s
often the first sign of malignancy m most patients with
prostatic and pancreatic caranoma The design of the LETS
study excludes patients with known cancer and overt
cancer does not therefore explain the results The LETS
protocol however did not include an exhaustive search for
occult cancer and non-svmptomatic cancer may therefore
explamn all or part of the mncreased IL-8 concentrations
Only large prospective studies focusing on cancer during
follow-up will provide a definite answer

In conclusion the association between elevated I1-8
concentrations and a first thrombotic event provides
evidence for the notion that IL-8 mcreases the risk of
venous thrombosis

ACKNOWLEDGMENTS

We thank Dr T Koster for collecting blood samples of
patients and controls Dr F ] M van der Meer (head
Thrombosis Centre Leiden) Dr L P Colly (head Thrombosts
Centre Amsterdam) and Dr P H Tnenekens (head
Thrombosis Centre Rotterdam) for their kind cooperation
and Mrs T Visser and Ms A P Groot for skilful techrucal
dssistance

RLFERENCES

Baggiolini M Dewald B & Moser B (1994) Interleukin $ and
related chemotactic ¢ytokmes — CXC and CC chemokines
Advances mn Immunology 55 97-179

© 2002 Blackwell Science 1td British Journal of Haematology 116 173-17"



Bls Jr ¢ M Golenbock DT Kedtes S  Limevsky JK &
Kedly C P (1998) Helicobacter pylort ipopolysaccharide binds
1 (D14 and stimulates release of mterleukin 8 epithehal
ncutrophil activating peptide 76 and monocyte chemotactic
protun 1 by human monocytes Infection Immunity 66 5357-
5363

tuwten RE  Garoa Zepeda BEA Imm YC  Yoshuida M
Diny HA Gumbrone jJr MA Luster AD Luscinskas FW &
Rosenzweig A (1999) MCP 1 and IL 8 trigger firm adhesion of
monocytes to vascular endothehum under flow conditions
Natie 398 718-723

tiwh RO Schraufstatter 1U & Cochrane C G (1996) In vivo
m vitto and molecular aspects of mterleukin 8 and the inter
lcukin 8 receptors Journal of Laboratory Chnical Mcdiwme 128
134-145

Johnson K Aarden L Chor Y De Groot E & Creasey A (1996)
1he promnflammatory cytokme response to codagulation and
tndotoxin m whole blood Blood 87 5051-5060

h mmphwsen P W Eikenboom JCJ Vos HL Pablo R Sturk A
Bertna R M & Rosendaal FR (1999) Increased levels of factor
V1 and fibrinogen 1n patients with venous thrombosis are not
¢ wsed by acute phase reactions Thrombosis and Haemostasts 81
6650-683

hoster 1 Rosendaal FR de Ronde H Briet k Vandenbroucke
JP & Bertita RM (1993} Venous thrombosis due to poor
anticoagulant response to activated protan € Leiden [hrombo
phiha Study Lancet 342 1503-1506

koster T Rosendaal FR Briet E van der Meer '] Colly LP
Trienekens P H Poort SR Reitsma P H & Vandenbroucke P
(1995) Protein C deficiency m a controlled series of unselected
outpatients an nfrequent but clear risk factor for venous
thrombosis (Leidden Thrombophiha Study) Blood 85 2756-
2761

kragsbjerg P Jones I Vikerfors T & Holmberg H (1995)
Dagnostic value of blood cytokine concentrations in acute
pneumonta Thorax 50 1253-1257

Tuster AD (1998) Chemolines — Chemotactic cvtokines that
mediate mflammation New Ingland Journal of Medicne 338
436445

Monreal M Fernandez Llamazares ] Perandreu ] [rratia A
Sahuquillo JC & Contel E (1997) Occult cancer in patients
with venous thromboembohsm which patients which cancers
Thrombosts and Haemostasts 78 1316-1318

Interleukin 8 and Venous Thrombosis 177

Murdyama 1 Muhatda N Khabar K S & Matsushima Kk (1998)
Potential mvoliement of IL 8 m the pathogenesis of human
cytomegalovirus infection Journal of I euhocyte Biology 64 62 67

Neumann FJ] Ott I Mars N Luther | Kenngott S Gawas M
Kotzsch M & Schomig A (1997) Fffeet of human recombmant
mterleukin 6 and interleukin & on monocyte procoagulant
activity  Arteriosclerosts  Thrombosis and Vascudar Brology 17
3399-340>

Rosendaal F R (1999) Venous thrombosts a multicausal disease
Tancet 353 1167-1173

Ross R (1999} Atherosclerosis an inflammatory disease  vew
England Journal of Mediane 340 115 126

Schaub RC  Smmmons CA  Koets MH Romano PJ &
Stewart GJ (1984) Faily events in the formation of a venous
thrombus folloning local tiauma and stasis [aboratory Investi
gations 51 21%8-224

Senden NHM Jeunhomme [ MAA Heemsheth JW AL Van
Wagenvoord R Vant Veer ¢ Hemher HC & Buurman W A
{1998) Factor Xa mduces oy tokine production and expression of
adhesion molecules by human umbilical ven endothelial cells
Jowrnal of Inmmunology 161 4316—1324

Van Aken BF Den Heyer M Bos GM] Van Deventer STH A
Rertsma P H (2000) Recurrent venous thrombosts and markers
of mflammation Thrombosts and Hagmostasts 83 536 339

Van Deventa S] Bulla HR ten Cite JW  Aurden 1 1\
Hack (T & Sturk A (1990) 1xpermmental endotoxerma in
humans analysts of cvtokine releasc and coagulation fibiino
Iytic and complemnt pathwavs Blood 76 2>20-2>26

Wakefield TW Greenfield L] Rolfe MW Delucia \ Stueter
RM Abrams GD kunhkel ST Fsmon €1 Wrobleshi SK
Kadell AM Burdick MD & Tenno 1 (1993} Inflammatory
and procoagulant mediator nteractions m an experimental
baboon model of venous thrombosis Thrombosts and Haemostosis
69 164-172

Wakefield TW  Stricter RM Wilke (A kadell AM
Wrobleski SK  Burdich MD  Schomdt R Kunkel ST &
Greenfield L] (1995) Venous thrombosis associated mflamma
tion and attcnuation with ncutralizing antibodies to cvtohines
and adhesion molccules  Arteriosderosts Thrombosts and Y ascular
Biology 15 258 26%

Waketield TW Strieter RM Punce MR Dowmng ] &
Greentfield L] (1997) Pathogeness of venous thrombosis o newn
msight Cardiovascular Surgery 1997 6 15

© 2002 Blackwell Science 1td British Journal of Haematology 116 173-177



