
JOURNAL OF PHYSIOLOGY AND PHARMACOLOGY 1997, 48, 3, 315—323 

Т. ЗННМОУАМА 1*, J. E. CRABTREE 

MUCOSAL CHEMOKINES IN 

HELICOBACTER PYLORI INFECTION 

+ Division of Medicine, St. James’s University Hospital, Leeds, UK 

* First Department of Internal Medicine, Hirosaki University School of Medicine, Hirosaki, Japan 

Chemokines are a family of low-molecular-weight proinflammatory cytokines 
that have leukocyte chemotactic and activating properties. Chemokine protein 
and mRNA are increased in the gastric mucosa of Helicobacter pylori infection 
and they are considered to regulate migration of leukocyte populations. The 
increase of C-X-C chemokines (e.g. IL-8, GRO-a) which effect primarily 

_neutrophily is significantly associated with -Sastric__polymorphonucleat cel 
activity suggesting that these chemokines play a primary role in active gastritis 
induced by A. pylori infection. In vitro. enhanced epithelial chemokine 
responses are induced by cagA positive strains which have been clinically 
associated with more severe clinical outcome. Infection with cagA-positive H. 

pylori strains associates in vivo specifically with a C-X-C profile and enhanced 
polymorphonuclear infiltration in the gastric mucosa. Whilst infection with H. 
pylori, especially cag positive strains, is associated with more severe disease, 

_ genetic variability in host chemokine responses may also contribute to disease 
outcome. 
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INTRODUCTION 

Since the discovery of Helicobacter pylori, many studies have implicated 
infection with this bacterium in the pathogenesis of chronic gastritis. 

Histologically, the host response to H. pylori infection is characterised by 

infiltration_of plasma _cells, lymphocytes, neutrophils and monocytes into the 
gastric mucosa. Several studies have shown H. pylori infection is associated 

with increased gastric mRNA expression of cytokines and chemokines (1—3). 
Increased gastric cytokine and chemokine protein concentrations have also 
been documented (4—7). Chemokines are now considered to play a significant 

role in the nature of the inflammatory host response to H. pylori infection. 
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Chemokines are a recently described family of low-molecular-weight 
proinflammatory cytokines that have leukocyte chemotactic and activating 
properties (8—10). Chemokines have a relatively high degree of specificity, 
interleukin (IL)-8 and monocyte chemoattractant protein (MCP)-1 being 
specific for neutrophils and monocytes respectively. Chemokines are 
considered to be important in the recruitment and activation of specific 
leukocytes in a number of diseases (10). Recent interest has been focused 
on the relevance and importance of members of the chemokine family in 
many pathological conditions. IL-8, which is the best studied chemokine to 
date, and other chemokines have been implicated in several gastrointestinal 
bacterial infections (11, 12), including H. pylori infection in the gastric 
mucosa (1—4). 

The chemokine family 

Chemokines exhibit a high degree of structural similarities and have two 
pairs of conserved cysteine residues (8—10). The chemokine superfamily has 
been divided into two major subgroups: the C-X-C sub-family which has 
an intervening non-conserved amino acid residue between the first two 
cysteines and the C-C chemokines which lack an intervening amino acid 
at this position. These two sub-families differ in their biological properties 
and chromosomal locations. Members of C-X-C chemokines (e.g. IL-8, 
GRO-a) located on chromosome 4 have specific chemotactic activity for 
neutrophils but not monocytes. On the other hand, members of C-C 
chemokines (e.g. RANTES, MCP-1) located on chromosome 17 attract 
monocytes and lymphocytes but not neutrophils. Recent studies have identified 
a new chemokine, lymphotactin, which lacks the first and third cysteine 
residues suggesting that the superfamily may have an additional branch 
(13). This peptide, located on chromosome 1, is categorised as a member 
of the C chemokine branch. Lymphotactin is chemoattractant for T cells 
but not for monocytes or neutrophils (13). 

C-X-C chemokines can be divided into two groups which may illuminate 
chemokine function. The majority of C-X-C chemokines contain the 
N-terminal sequence Glu-Leu-Arg (ELR) (14, 15). This ELR motif is 
common to chemokines which attract neutrophils and have the capacity to 
bind the C-X-C receptor activating neutrophils, but is absent in three 
C-X-C chemokines which do not seem to bind the C-X-C receptor and are 
devoid of such activities (15). Thus, the chemokine superfamily has four 
different structural and functional sub-families, E-L-R-C-X-C sub-family, 
C-X-C without E-L-R sub-family, C-C sub-family and C sub-family (14). 

_ (Table 1).
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Table 1. The chemokine family 

  

C-X-C chemokines 

E-L-R 

Interleukin-8 (IL-8) 

Epithelial neutrophil-activating protein-78 (ENA-78) 

Melanoma growth-stimulating factor (MGSA)/growth-related oncogene a, B and у 

(GRO-a, B and y) 

Stromal cell-derived factors-la, B (SDF-1a/B) 

Platelet basic protein (PBP) 

B-thromboglobulin (B-TG) 

Neutrophil activating protein-II (NAP-2) 

Connective tissue-activating protein-III (CTAP-II) 

non E-L-R 

Monokine induced by interferon-y (mig) 

Interferon-y-induced protein (IP-10) 

Platelet factor-4 (PF-4) 

C-C chemokines 

Regulated on activation normal T-cell-expressed and-secreted (RANTES) 

Macrophage inflammatory protein-la, B (MIP-1a, B) 

Monocyte chemotactic protein-1, 2 and 3 (MCP-1, 2 and 3) 

T-cell activation gene 3 (TCA-3/1309) 

Eotaxin 

C-chemokine 

Lymphotactin       

The ability of chemokines to attract various leukocyte populations 
is one of their most extensively studied functions. C-X-C chemokiness attract 
and most of them also activate neutrophils (10). Macrophage inflammatory 
protein (MIP)-1a is the only C-C chemokine with some stimulatory effect on 
neutrophils but it induces no functional chemotactic effect (16). Some C-X-C 
chemokines are also chemotactic to basophils and eosinophils but C-C 
chemokines are much more active. RANTES is known to be the most effective 
basophil and eosinophil chemoattractant (17, 18). Monocytes are also highly 
responsive to C-C chemokines. Many C-C chemokines such as RANTES, 

MCP-1 and MIP-1la attract monocytes whereas IL-8 is not chemotactic to 

monocytes (10). Human T lymphocytes also respond to the C-C chemokines 
RANTES, MIP-la and MIP-1B (19, 20). Recently, some C-X-C chemokines 

IL-8 and IP-10 have been described as chemotactic for T cells (21, 22). 

A specific role in migration of intestinal intraepithelial lymphocytes has been 

reported (22). IL-8 and GRO-a are chemotactic for CD8*CD45RO* 

intraepithelial lymphocytes (22) which have a promiscuous IL-8 receptor (23). 
In general, however, the C-X-C chemokines seem to affect primarily 
neutrophils, the C-C chemokines have functional action on basophils, 
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eosinophils, monocytes and lymphocytes, and the C chemokine acts on 
lymphocytes. These selective chemoattractant activities of chemokines 
play a major role in regulating leukocyte populations migrating into 
tissues. 

Chemokines in gastroduodenal mucosa in H. pylori infection 

The prevalence and role of chemokines in many gastrointestinal 
inflammatory conditions has been the subject of recent interest (1—4, 11, 12, 
24, 25). However few studies have investigated expression of chemokines, other 
than IL-8, in the human gastrointestinal mucosa and gastric epithelial cells 
lines. Early studies showed high concentration of IL-8 in culture supernatants 
of H. pylori positive antral biopsy specimens and an association between 
mucosal IL-8 secretion and polymorphonuclear activity (4, 26). This 
association was also described and confirmed by investigation of IL-8 protein 
concentrations in gastric biopsy homogenates (3) and IL-8 mRNA expression 
in gastric biopsies (2). 
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Fig. 1. Expression of IL-8, GRO-a, ENA-78, RANTES, MCP-1 mRNA in gastric antral mucosa. 
Gastric biopsy specimens from a H. pylori positive patient (lane 2—6) and a negative patient (lane 
1—11) analysed for expression of IL-8, GRO-a, ENA-78, RANTES, MCP-1 and G3PDH (eonsra) 

mRNA by RT-PCR. Lane 1 shows 100 bp DNA ladder
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chemokine:G3PDH 
PCR products 

* H.pylori positive (n=39) H.pylori positive (n=34) 

НЕ OA.pylori negative (n=35) OH pylori negative (n=23) 

* 

  

IL-8 GRO-a RAN. МСР-1 IL-8 GRO-a RAN. МСР-1 

Antrum Corpus     
  

Fig. 2, Chemokine mRNA expression in H. pylori positive and negative gastric mucosa. The results 

are the mean ratio of chemokines to G3PDH RT-PCR product in gastric antral and corpus 

biopsies: * p < 0.01, difference is significant between H. pylori positive and negative mucosa. 

RAN = RANTES. 

Recent studies show mRNA expression of other members of the chemokine 
family is increased in the gastric mucosa with H. pylori infection (Fig. /). 

Semi-quantitative RT-PCR of chemokine mRNA expression in gastric biopsies 

Shows that IL-8 and GRO-a mRNA expression is significantly higher in H. 

pylori positive patients than in H. pylori negative patients (Fig. 2). The 
expression of IL-8 and GRO-a mRNA is also significantly associated with 

polymorphonuclear activity suggesting that in vivo C-X-C chemokines primary 

play a role in active gastritis induced by H. pylori infection (27). The gastric 

epithelium is recognised as a source of chemokines and H. pylori infection is 

associated with enhanced IL-8 immunoreactivity in epithelial cells (28). In 

patients with duodenitis, increased immunoreactivity of IL-8 is also observed 

in the epithelium of the duodenal bulb mucosa (28). Many pathogens, both 

bacterial (11, 12, 29, 30) and viral (31), associated with enteritis stimulate 
intestinal cells to produce chemokines. Recent studies have focused on the 
ability of H. pylori to induce epithelial chemokines. 

Gastric epithelial chemokine responses to H. pylori 

In vitro studies show that H. pylori stimulates gastric epithelial cell lines to 

produce IL-8 (32—25) and GRO-a (36) which are known to be increased in 
gastric mucosa with H. pylori infection (2—4, 6). Proinflammatory cytokines 

3*
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such as IL-1 and TNFa, which are known to be increased in the gastric mucosa 

in H. pylori infection (3, 5, 6) also stimulate chemokine secretion in gastric 

epithelial cell lines (37). Induction of IL-8 involves protein tyrosine 

phosphorylation (38) and NF«B activation (39, 40). 

Considerable recent interest has focused on strain diversity of H. pylori. 

Many studies have shown that the infection with cytotoxin associate gene 

(cag)A-positive strains is highly associated with peptic ulcer disease (41), 

atrophic gastritis (42, 43) and gastric cancer (44, 45) and that infection of 

cagA-positive strains results in a more intense gastritis (2, 3, 41, 46). 

CagA-positive strain are associated with increased production of gastric IL-8 

mRNA expression (2) and IL-8 protein in vivo (3). Our recent studies using 

semiquantitative RT-PCR show that patients infected with cagA-positive 

strains have higher C-X-C chemokine (IL-8 and GRO-a) mRNA expression 

than patients with cagA-negative infection whereas no differences were found 

in C-C chemokines (MCP-1 and RANTES) (unpublished observation). Thus 

infection of cagA-positive strains associates in vivo specifically with a C-X-C 

profile and enhanced polymorphonuclear infiltration in gastric mucosa. 

Recent studies show that cagA is part of a 40kb pathogenicity 

island (cag PAI) which contains over 30 genes (47, 48). In vitro studies have 

shown that the ability of H. pylori to induce chemokines in gastric epithelial 

cell lines varies. The response is restricted to strains with the CagA phenotype 

(32—34). Isogenic mutant strains have been used to assess the importance of 

gene products in the cag PAI in inducing epithelial chemokines. Deletion of 

cagA has no effect on IL-8 (34, 39) but deletion of multiple other genes in the 

40 kb cag PAI abolishes the ability to stimulate IL-8 (47, 50, 51). These studies 

show that the CagA is a phenotypic marker for virulent strains and the 

epithelial chemokine responses is dependent on multiple genes in the cag PAI. 

CONCLUSIONS 

Both studies in vitro and in vivo show strain variation in mucosal 

inflammatory chemokine responses to H. pylori. Enhanced chemokine 

responses are induced by cag positive strains which have been clinically 
associated with more severe clinical outcome. Whilst infection with cag positive 

strains is associated with more severe disease, genetic variability in host 
chemokine responses may also contribute to disease outcome. 

Acknowledgements: Work in our laboratory is undertaken with financial support from the 

Yorkshire Cancer Research Campaign, European Commission and the Northern and Yorkshire 

Regional Health Authority.



10. 

11. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

321 

REFERENCES 

Yamaoka Y, Kita M, Kodama T, Sawai N, Kashima K, Immanishi J. Expression of cytokine 

mRNA in gastric mucosa with Helicobacter pylori infection. Scand J Gastroenterol 1995; 30: 

1153—1159. 

Yamaoka Y, Kita M, Kodama T, Sawai N, Immanishi J. Helicobacter pylori cagA gene and 

expression of cytokine messenger RNA in gastric mucosa. Gastroenterology 1996; 110: 

1744—1752. 

Peek RM, Miller GG, Tham KT et al. Heightened inflammatory response and cytokine 

expression in vivo to cagA* Helicobacter pyloti strains. Lab Invest 1995; 73: 760—670. 

Crabtree JE, Peichl P, Wyatt JI, Stachl U, Lindley IJD. Gastric IL-8 and IL-8 IgA 

autoantibodies in Helicobacter pylori infection. Scand J Immunol 1993; 37: 65—70. 

Crabtree JE, Shallcross TM, Heatley RV, Wyatt JI. Mucosal tumor necrosis factor alpha and 

interleukin-6 in patients with Helicobacter pylori associated gastritis. Gut 1991; 32: 14731477, 

Noach LA, Bosma NB, Jansen J, Hoek FJ, van Deventer SJH, Tytgat GNJ. Mucosal tumour 

necrosis factor-alpha, interleukin-1 beta, and interleukin-8 production in patients with 

Helicobacter pylori associated infection. Scand J Gastroenterol 1994; 29: 425—429. 

Karttumen R, Karttumen T, Ekre HPT, MacDonald TT. Interferon gamma and interleukin 

4 secreting cells in the gastric antrum in Helicobacter pylori positive and negative gastritis. Gut 

1995; 36: 341—345. 

Miller MD, Krangel MS. Biology and biochemistry of the chemokines: a family of chemotactic 

and inflammatory cytokines, CRC. Crit Rev Immunol 1992; 12: 17—46. 

Baggiolini M. Chemotactic and inflammatory cytokines-CXC and CC proteins. In The 

Chemokins, IJD Lindley (eds). New York, Plenum Press, 1993, pp. 1—10. 

Baggiolini M, Dewald B, Moser B. Interleukin-8 and related chemotactic cytokines-CXC and 

CC chemokines. Adv Imunnol Review 1994; 55: 97—179. 

Jung HC, Eckmann L, Yang SK et al. A distinct array of proinflammatory cytokines is 

expressed in human colon epithelial cells in response to bacterial invasion. J Clin Invest 1995; 

95: 55—65. 

McCormick BA, Hofman PM, Kim J, Carnes DK, Miller SI, Madara JL. Surface attachment 

of Salmonella typhimurium to intestinal epithelia imprints the subepithelial matrix with 

gradients chemotactic for neutrophils. J Cell Biol 1995; 131: 1599—1608. 

Kelner GS, Kennedy J, Bacon KB er a/. Lymphotactin: a cytokine that represents a new class 

of chemokine. Science 1994; 266: 1385—1399. 

Schall TJ, Bacon KB. Chemokines, leukocyte trafficking, and inflammation. Cur Opinion 

Immunol 1994; 6: 865—873. 

Clark-Lewis I, Schumacher C, Baggiolini M, Moser B. Structure-activity relationships of 

interleukin-8 determined using chemically synthesized analogs. Critical role of NH2-terminal 

residues and evidence for uncoupling of neutrophil chemotaxis, exocytosis, and receptor 

binding activities. J Biol Chem 1991; 266: 23 128—23 134. 

Gao JL, Kuhns DB, Tiffany HL et al. Structure and functional expression of the human 

macrophage inflammatory protein 1a/RANTES receptor. J Exp Med 1993; 177: 1421—1427. 

Kameyoshi Y, Dorschner A, Mallet AI, Christophers E, Bruijnzell PLB. Cytokine RANTES 

released by thrombin-stimulated platelets I sa potent attractat for human eosinophils. J Exp 

Med 1992; 176: 1489—1495. 

Bischoff SC, Krieger M, Brunner T et al. RANTES and related chemokines activate human 

basophil granulocytes through different G protein-coupled receptors. Eur J Immunol 1993; 23: 

761—767. 

Schall TJ, Bacon K, Toy KJ, Goeddel DV. Selective attraction of monocytes and 

T lymphocytes of the memory phenotype by cytokine RANTES. Nature 1993; 347: 669—671.



322 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

Schall TJ, Bacon K, Camp RDR, Kaspari JW, Goeddel DV. Human macrophage 
inflammatory protein a (MIP-1a) and MIP-1B attract distinct populations of lymphocytes. 
J Exp Med 1993; 1821—1825. 

Taub DD, Lloyd AR, Conlon K et al. Recombinant human interferon-inducible protein 10 is 
a chemoattractant for human monocytes and T lymphocytes and promotes T cell adhesion to 
epithelial cells. J Exp Med 1993; 177: 1809—1814. 
Ebert EC. Human intestinal intrepithelial lymphocytes have potent chemotactic activity. 
Gastroenterology 1995; 109: 1154—1159. 
Roberts AI, Bilenker M, Ebert EC. Intestinal intraepithelial lymphocytes have a promiscuous 
interleukin-8 receptor. Gut 1997; 40: 333—338. 

Mahida YR, Ceska M, Effenberger F, Kurlak L, Lindley I, Hawkey CJ. Enhanced synthesis of 
neutrophil-activating peptide-1/interleukin-8 in active ulcerative colitis. Clin Sci 1992; 82: 
273—275. 

Daig R, Andus T, Aschenbrenner E, Falk W, Scholmerich J, Gross V. Increased interleukin-8 
expression in the colon mucosa of patients with inflammatory bowel disease. Gut 1996; 38: 
216—222. 

Crabtree JE, Lindley IJD. Mucosal interleukin-8 and Helicobacter pylori-associated 
gastroduodenal disease. Eur J Gastroenterol 1994; 6 suppl 1: S33—38. 
Shimoyama T, Everett S, Dixon MF, Axon ATR, Crabtree JE. Semi-quantitative analysis of 
chemokine mRNA expression in gastric mucosa and its relation to the severity of gastritis. Gut 
1997; 40 suppl 1: A70. 

Crabtree JE, Wyatt JI, Trejdosiewicz LK et al. Interleukin-8 expression in Helicobacter 
pylori infected normal and neoplastic gastroduodenal mucosa. J Clin Pathol 1994; 47: 
61—66. 

Raqib R, Lindberg AA, Wretland B, Bardhan PK, Andersson U, Andersson J. Persistence of 
local cytokine production in shigellosis in acute and convalescent stages. Infect Immun 1995; 
63: 289—296. 

McCormick BA, Miller SI, Carnes D, Madara JL. Transepithelial signalling to neutrophils by 
Salmonellae: a novel virulence mechanism for gastroenteritis. Infec Immun 1995; 63: 
2302—2309. 

Sheth R, Anderson J, Sato T er al. Rotavirus stimulates IL-8 secretion from cultured epithelial 
cells. Immunology 1996; 221: 251—259. 
Crabtree JE, Farmery SM, Lindley IJD, Figura N, Peichl, P, Tompkins DS. CagA/cytotoxic 
strains of Helicobacter pylori and interleukin-8 in gastric epithelial cells. J Clin Pathol 1994; 47: 
945—950. 

Crabtree JE, Covacci A, Farmery SM et al. Helicobacter pylori induced interleukin-8 
expression in gastric epithelial cells is associated with CagA positive phenotype. J Clin Pathol 
1995; 48: 967—969. 

Sharma SA, Tummuru MKR, Miller GG, Blaser MJ. Interleukin-8 response of gastric 
epithelial cell lines to Helicobacter pylori stimulation in vitro. Infect Immun 1995; 63: 
1681—1687. 
Crowe SE, Alvarez L, Dytoc M et al. Expression of interleukin-8 and CD-45 by human gastric 
epithelium after Helicobacter pylori in vitro. Gastroenterology 1995; 108: 65—74. 
Kizawa H, Azuma A, Aihara M eral. Helicobacter pylori induced chemokine production 
in human gastric carcinoma cell lines: effect of rebamapide. Gastroenterology 1996; 110: 
A272. 

Yashimoto K, Okamoto S, Mukaida N, Murakami S, Mai M, Matsushima K. Tumor necrosis 
factor-a and interferon-y induce interleukin-8 production in human gastric cancer cell line 
through acting concurrently on AP-1 and NK-xB-like binding sites of the IL-8 gene. J Biol 
Chem 1992; 267: 22506—22511.



38. 

39. 

40. 

41. 

43. 

44, 

45, 

46. 

47. 

48. 

49. 

50. 

51. 

323 

Crabtree JE. Virulence factors of H. pylori and their effect on chemokine production. In The 

Immunobiology of H. pylori, PB Ernst, P Michetti and PD Smith (eds). Philadelphia, 

Lippincott-Raven Publishers, 1997; 101—112. 

Keates S, Hitti Y, Bliss Jr CM, Kelly CP. NF«B, a transcriptional regulatory factor for IL-8 

gene expression is activated by H. pylori in AGS human gastric epithelial cells. 

Gastroenterology 1996; 110: A936. 

Aihara M, Tsuchimoto D, Imagawa K, Kikuchi K, Mukaida N, Matsushima K. Signal 

transduction pathway in the IL-8 production of gastric mucosal cell (MKN-45) induced by H. 

pylori. Gastroenterology 1996; 110: A48. 

Crabtree JE, Taylor JD, Wyatt JI et al. Mucosal IgA recognition of Helicobacter pylori 

120kDa protein, peptic ulceration and gastric pathology. Lancet 1991; 338: 332—335. 

. Beales ILP, Crabtree JE, Scunes D, Covacci A, Calam J. Antibodies to CagA protein are 

associated with gastric atrophy in Helicobacter pylori infection. Eur J Gastroenterol Hepatol 

1996; 8: 645—649. 

Kuipers EJ, Pérez-Pérez GI, Meuwissen SGM, Blaser MJ. Helicobacter pylori and atrophic 

gastritis: importance of the cagA status. J Natl Cancer Inst 1995; 87: 1777—1780. 

Crabtree JE, Wyatt JI, Sobala GM er al. Systemic and mucosal humoral responses to 

Helicobacter pylori in gastric cancer. Gut 1993; 34: 1339—1343. 

Blaser MJ, Pérez-Pérez GI, Kleanthous H er al. Infection of strains possessing cagA is 

associated with an increased risk of developing adenocarcinoma of the stomach. Cancer Res 

1995; 55: 2111—2115. 

Crabtree JE, Farmery SM. Helicobacter pylori and gastric mucosal cytokines: evidence that 

CagA-positive strains are more virulent. Lab Invest 1995, 73: 742—745. 

Censini S, Lange C, Xiang Z er al. cag, a pathogenecity island of Helicobacter pylori, encodes 

type I-specific and disease-associated virulence factors. Proc Natl Acad Sci 1996; 93: 

14648— 14653. 

Akopyants NS, Kersulyte D, Berg DE. Cag//, a miltigene locus associated with virulence in 

Helicobacter pylori. Gut 1995; 37 suppl 1: Al. 

Crabtree JE, Xiang Z, Lindley IJD, Tompkins DS, Rappuoli R, Covacci A. Induction of 

interleukin-8 secretion from gastric eptthelial calls by cagA negative isogenic mutant of 

Helicobacter pylori. J Clin Pathol 1995; 48: 967—969. 

Crabtree JE, Kersulyte D, Hernandez V, Lindley IJD, Berg DE. Helicobacter pylori induction 

of IL-8 synthesis in gastric epithelial cells depends on genes throughout the cag pathogenisity 

island Gut 1997; 40 supp 1: A69. 

Tummuru MKR, Sharma SA, Blaser MJ. Helicobacter pylori picB, a homologue of the 

Bardetella pertussis toxin secretion protein, is required for induction of IL-8 in gastric epithelial 

cells. Mol Microbiol 1995; 18: 867—876. 

Received: April 26, 1997 

Acceptd: May 2, 1997 

Author’s address: J. E. Crabtree, Division of Medicine, Level 7, Clinical Sciences Building, St. 

James’s University Hospital, Leeds LS9 7TF, UK.


