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SUMMARY

Background. Chronic diarrhoea is a common unpleasant concomiérgastrointestinal
disorders, such as inflammatory bowel diseasesg)RID bile acid malabsorption (BAM). Its
exact pathomechanism is still not completely untdexd thus, its successful management is a
great challenge for clinicians. Recent animal agldaulture studies underline the crucial role
of colonic epithelial ion transporters in the deyghent of bile-induced diarrhoea, but there
are just a few human data from the last centurylaMa about the influence of bile acids on
human colonic ion-transport mechanisms. The exaatrhent of IBD represents another
unsolved problem. Nowadays biological therapy vatti-tumour necrosis factor alpha (TNF-
a)-agents opened new perspectives in the fight agd8D. However, beside the promising
results, the loss of response, the presence ofdamtantibodies, low drug serum
concentrations, hypersensitivity and allergic rigast during the administration of anti-TNF-
are proved to be predisposing factors for therapefdilure. Thus, therapeutic drug
monitoring may be a useful opportunity in orderofatimise the treatment of IBD-patients.
Moreover, IBD-patients on immunosuppressive therapy at increased risk for infectious
diseases, thus influenza vaccination is strongtpmemended. Ouaims were to investigate
the effects of bile acids on the ion-transportdiviies (namely N&¥H* exchangers [NHE1-
3], and CVHCO;s-exchanger CBE) of human colonic epithelial celisl & characterise the
cellular pathomechanism of bile-induced diarrhdedhe second part of the study, we aimed
to assess tumor necrosis factor-a (TNF-a), inflat(IFX) concentrations, and antibodies
against IFX molecules in patients with inflammattgwel disease (IBD) who develop loss
of response, side effects, or allergic reactionnduanti TNF-a therapy. We also evaluate the
antibody and cell-mediated immune response to pliead whole virion influenza vaccine
in patients with IBD treated with anti-TNd-and/or immunosuppressive therapy. However,
immunosuppressive and biological therapies seennftaence the immune response to
vaccinations. Materials and methods.In the first part of our study, patients with negat
colonoscopic finding were involved. They were deddinto three groups. The first group
contained patients having diarrhoea after ileunegtsn/cholecystectomy (Diarrhoea). In the
second group ileum-resected/cholecystectomiseéngativere involved who did not develop

diarrhoea (NON-Diarrhoea). The control group inelddpatients without any surgical
8



intervention in the gastrointestinal tract. Primaojonic crypts were isolated from human
biopsy samples. The functional characteristics ®{EN-3 and CBE, intracellular &a
concentration ([C4];), ATP level (ATR) and mitochondrial transmembrane potentiaiy,)
were determined using fluorescence technique. Tovpmology of the intracellular organelles
was investigated with transmission electronmicrpgcdn the second part of the study, 67
IBD-patients, receiving the anti-TNé&-agent infliximab (IFX), were enrolled and categed
into two groups. Blood samples of 36 patients witks of response, side effects, or
hypersensitivity to IFX therapy (Group 1) and 3ltipats in complete clinical remission
(Group ) selected as a control group were collected. Emzinked immunosorbent assay
(ELISA) was applied to determine the serum level§NF-a, IFX trough levels, and anti-
IFX-antibody (ATI). We examined the correlation Wween loss of response, the development
of side effects or hypersensitivity, and serum TiFIFX trough levels, and ATI
concentrations. In an additional part of our stud$6 immunocompromised influenza-
vaccinated IBD-patients and 53 non-vaccinated pegiécontrol group) were involved. Split
virion vaccine and whole virion vaccine were usdrum samples were obtained pre- and
postimmunisation. TNIFe; interferony (IFN-y) and interleukin-2 (IL-2) serum levels were
measured with ELISAResults In vitro measurement of colonic epithelial iomrtsporter
activities revealed impaired NHE and CBE activitiascholecystectomised/ileum-resected
patients suffering from diarrhoea, compared to mdrpgatients. Acute treatment of colonic
crypts with 0.3 mM chenodeoxycholate (CDC) causeskeedependent intracellular acidosis;
moreover, the activities of acid/base transpor{BidE and CBE) were strongly impaired.
This concentration of CDC did not cause morpholalgichanges of the intracellular
organelles of colonic epithelial cells, althouglyrsficantly reduced the ATP decreased
(Ay)m and caused sustained elevation of{GaWe also showed that CDC induced®Ga
release from the endoplasmic reticulum and exthaleel C&*-influx contributing to the
[Ca’]i-elevation. The CDC-induced inhibition of NHE adiies was ATP-dependent,
whereas the inhibition of CBE activity was mediatsdthe sustained [¢H;-elevation. We
did not observe any inhibitory effect on the fuons of ion transporters in case of the
administration of a conjugated bile acid. In IBDtipats, receiving IFX-therapy, serum TNF-
a level was shown to be correlated with the presef@eT|; ATI positivity was significantly
correlated with low trough levels of IFX. ATls wedetected in 25% of IBD patients with
loss of response, side effects, or hypersensitiifwever no association was revealed
between these patients and antibody positivitypwer serum IFX levels. Previous use of IFX
correlated with the development of ATI, althougmoomitant immunosuppression did not
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have any impact on them. Neither TNFnor INFy levels changed significantly after
influenza vaccination; however, a significant daseewas observed in the level of IL-2 after
vaccination with split vs. whole virion vacciniscussion.Our results suggest that bile acids
inhibit the function of human colonic epitheliahitcransporters via cellular energy breakdown
and C&'-overload, which can reduce fluid and electrolytesaption in the colon and
promote the development of diarrhoea. Furthermamnethe basis of our study, we propose
that the simultaneous measurement of serum @Ndvel, serum anti TN concentration,
and antibodies against anti TNFmay further help to optimize the therapy in catic
situations. IBD-patients on immunosuppressive iherare recommended to be immunised
with influenza-vaccines and measuring the cytokesponses in patients treated with

immunosuppressants may help to determine the effichinfluenza vaccination.
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l. INTRODUCTION

1. Therole of human colonic epithelial ion transportersin bile-acid induced diarrhoea

The colon plays a fundamental role in the mainteaanf the water balance of the
body by absorbing 1.5 to 1.9 liters of electrolyitgh fluid daily, leaving just 0.1 to 0.5 liters
to lose with the stool. The adequate activity af toansporters localized on the apical and
basolateral membrane of polarised epithelial csllgssential to keep the precise balance
between absorption and secretion. The critical afleNa’/H*-exchangers (NHES) in this
process is well-known such as their involvementnitnacellular pH (pH) and cell volume
regulation. The functionally coupled NHE3 and/BCO;-exchanger (CBE) downregulated
in adenoma (DRA) are most probably responsibletiier majority of electroneutral NaCl
absorption in the colon [1-3]. So far, nine differeNHE isoforms (NHE1-9) have been
identified in mammalian cells with a specific tissand membrane distribution [4]. These are
transmembrane proteins which replace one extraaeMNa’ for one intracellular H NHE1 is
constitutively expressed on the basolateral mengbadithe epithelial cells. Although it does
not play a role in the absorption of Nat fulfils housekeeping functions, regulating Icel
volume and pH The presence of NHE2 and NHE3 on the apical mangrof colonic
epithelial cells has been confirmed [5], howevailydhe prominent role of NHE3 in colonic
Na' absorption has been demonstrated by previousestu@ihe occurrence of diarrhoea in
NHE3 knockout mice further supports the idea thas s the dominant NHE isoform
responsible for Nauptake in the intestine [6-8]. Together with NHEBg CI/HCO;s
exchanger DRA, a member of the SLC26 gene familgintains the absorption of NaCl in
the colon. Despite that other anion exchangersatse found in the gastrointestinal tract
(AE2, putative anion transporter-1 (PAT-1)), there evidences that DRA is the most
important mediator of electroneutral” Ciptake in the large intestine [9]. Mutation ofsthi
transporter results in congenital chloride-losingrithoea [10], moreover, similar conditions
develop in DRA-deficient mice [9]. Disturbancescimionic epithelial Naand/or Cltransport
have shown previously to be involved in the devedept of diarrhoea in ulcerative colitis
(UC) and secretory diarrhoea [9, 11-13] becausth®fincreased secretion and/or decreased
reuptake of water and electrolytes. This fact fertherifies the importance of the NHE3 and

DRA in colonic electrolyte and water absorption.

Bile acids (BAs) are natural detergents that pigdie in the solubilisation and
absorption of dietary lipids. They are excretea ithte small intestine, and most of them (90-

95%) are reclaimed in the distal ileum then retiorthe liver through the portal vein. When
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this precisely regulated enterohepatic circulatimpairs, bile acid malabsorption (BAM)
occurs, thus BAs are allowed to enter the colorhigher concentration and can induce
diarrhoea through unidentified mechanisms. BAM alarhoea are well-known clinical
complications after ileal resection or after chgktectomy [14-16]. According to the study
of Smith et al. about the occurrence of BAM, thenbers are depressive. The prevalence of
BAM is 97% in Crohn’s patients with resection, 5&¥patients with gastric surgery and/or
cholecystectomy, and in 33% of patients with unaxmd, idiopathic chronic diarrhoea [17] .
Since the diagnosis is not available everywhere,disease is under-recognised, therefore
managing bile-induced diarrhoea is a great chaflefoy gastroenterologists [18]. Further
complicates the situation that the applicable teravith the bile-acid sequestrant
cholestyramine does not solve the problem in eease [19, 20]; on the other hand, a life-
long medication of the patients is not supportaMereover, cholestyramine treatment can
reduce the bioavailability of co-administered drugs well. During the past decades, it
became more and more clear that the disturbed icoddusorptive and/or secretory functions,
including N& and Cl transport, must play a critical role in BAM assaied diarrhoea. One of
the earliest studies revealed the prosecretoryastidbsorptive actions of bile acids on the
human colon, providing the first explanation folebinduced diarrhoea [21]. Keely et al. also
demonstrated electrolyte secretion in cultured mol@pithelial cells induced by bile salts
[22], not to mention their sophisticated role iretbverall regulation of ion and water
movement in the colon [23]. In a recent study, Aalerevealed that the non-conjugated bile
acid chenodeoxycholic acid (CDC) stimulates €dcretion in colonic epithelial cells via
activation of cystic fibrosis transmembrane condnceé regulator (CFTR) Cthannel [24].
Notwithstanding, BAs are also recognised as hormoregulating numerous intestinal and
extra-intestinal processes [25] thus, can no lohgeconsidered exclusively as a component
of digestion. Their regulatory function and hormdike properties exerted through either
nuclear receptors or G-protein-coupled receptorRBY326] have been recognised in the last
few years and been under a great interest. A nuwfbelegant studies indicate the influence
of TGR5 not only in the gastrointestinal tract @olonic secretory responses [27], acute

pancreatitis [28]) but in various other organ systeas well [29-32].

Nevertheless, the mechanism, by which BAs indueerhibea, is not fully elucidated
yet, and there are just a feémwvitro human study available about the influence of &diels on
colonic ion transport processes. Therefore, to rgtded to pathogenesis of bile-induced
diarrhoea and the development of new therapeuwmaloaches are extremely necessary.
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2. Biological therapy with the anti-tumor necrosis factor-a (TNFE-a) infliximab (IEX) in the

management of inflammatory bowel diseases (1BD)

Crohn’s disease (CD) and ulcerative colitis (UG3 #dre two types of inflammatory
bowel diseases (IBDs), defined as chronic disordérthe gastrointestinal tract. The most
frequent symptom in IBD is the so-called exudatirarrhoea, defined as the presence of
blood and/or pus in the bowel. Exudative diarrheaaused by an extensive injury of the
mucosa as a result of inflammation or ulceratieading to a loss of mucus, and the disability
of the epithelium to fulfil its crucial absorptivand barrier function. However, diarrhoea in
IBD is usually multifactorial. It is commonly exatated by other concomitants of IBD, such
as bacterial overgrowth or infections. An additioB&AM, being a common concomitant
feature of IBD [33], may also participate in thenstant existence of diarrhoea. Last, but not
least, role of colonic epithelial ion transportémsthe development of diarrhoea has to be
mentioned as well. The decreased activity of NHES damaged Naand Cl absorptions in
UC patients have already been demonstrated [12, M®feover, there is a recently
discovered relationship between cytokine-mediatachune responses and disturbance of
electroneutral sodium absorption. It is well knathat the overexpression of proinflammatory
cytokines, leading to a chronic systemic inflammtiis another characteristic of IBD,
mainly that of CD. Interestinglyhigh levels of proinflammatory cytokines are linkedthe
pathogenesis of diarrhoea in IBD. It has been detnated both in animal studies and in
cultured colonic epithelial cells, that TNFand interferons (IFN-y) downregulate mRNA
and protein expression and repress the activifid$HE2 and NHES3, the key mediators of

intestinal salt and water absorption [34, 35].

Although IBD is one of the most investigated topa®l it is under the spotlight of
numerous work groups, its pathophysiology is gtitit completely understood. Genetic,
environmental and immunological factors are thoughbe involved in the development of
the disease. IBD is characterized by alternatingogde of relapse and remission. In case of
active disease, signs and symptoms beside diarrhmea include abdominal pain and
cramping, ulcers in the mouth, perianal fistulasjghit loss and fever. The severity and the

causing factors are demonstrating a wild rangeaaety between patients.

Proinflammatory cytokines, such as TNFHN-y and the members of interleukin (IL)
-family, have been directly implicated in the pajbnesis of IBD and they seem to have a
crucial role in the control of intestinal inflamn@t and associated clinical symptoms. TiF-

is an outstanding component of the inflammatorycesses. It is produced in lamina propria
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by CD14+ macrophages, adipocytes, dendritic cBbispblasts and effector T-cells. Indeed,
its concentration is elevated in the stool, mucasal, blood of IBD patients [36]. TNé&-has
been shown to induce various pro-inflammatory fioms in the inflamed mucosa, such as
hypervascularization and angiogenesis, it augmamatsnflammatory cytokine production by
macrophages and T-cells, causes barrier alteratims promotes cell death of intestinal
epithelial cells. TNFe also promotes tissue destruction and drives F ¢ellbe resistant to
apoptosis [37]. The complexity of IBD makes a létdifficulties in the treatment and an
established standard therapy is lacking. In somehef cases, surgery is unavoidable;
however, resection is not curative in the majoatythe CD cases. Beside 5-aminosalicylic
acid compounds, corticosteroids and immunosupmeshiugs, biological therapies are most
commonly used therapeutic methods. Proinflammatgtgkine TNFe is currently the key
target for the management of different inflammatdigeases including IBD. Infliximab
(IFX), a chimeric monoclonal anti-TNé&-antibody, has been approved for the induction and
maintenance of remission in both CD and UC. In past decade, IFX provided new
perspectives for the management of the diseasekbe@$n marked clinical improvement and
macroscopic healing of the inflamed mucosa. HoweVess of response, presence of
antibodies against IFX, low drug serum concentregidypersensitivity and allergic reactions
during the administration of anti-TNé&-are proved to be predisposing factors for therapeu
failure. Approximately 40% of patients will subsequly lose response, thus requiring dose
intensification or drug change [38]. Dose intemsifion may be a solution in case of low anti-
TNF-a drug trough levels, while switching to anotherglaould be useful if antibodies are
developed against the biological agents [39]. Imogemicity (the formation of antibodies to
the biological agents) is the major cause of Idsggponse and adverse reactions. Scheduled
maintenance therapy, concomitant immunomodulateesapy, and pretreatment with high-
dose corticosteroids may help to reduce immunoggni40]. Many observational studies
have linked low serum drug levels to a higher ogkhe development of anti-drug-antibodies,
and/or loss of response to biologics in IBD. Inp@sse, reactive measurement of anti-drug-
antibodies and serum drug levels using Enzyme ldnikemunosorbent Assay (ELISA), and
appropriate adjustment of drug regimen, has be#izedt in practice to optimize clinical
outcomes [41]. Although the role of TNFmeasurement, together with antibody and drug
serum concentration, has not previously been iigagsd in everyday practice, there are
more and more studies emphasizing the importangghafmacokinetic monitoring of IFX

and anti-IFX-antibody (ATI) in order to prevent sidffects and to predict the clinical
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response to IFX and endoscopic improvement. In tibggrd, therapeutic drug monitoring

may help to optimise the treatment of IBD-patients.

Although patients with IBD should not be routinetpnsidered to have altered
immunocompetence per se, there is currently no odetbf evaluating the effects of
immunosuppression on the immune system. IBD-patjaateiving biological therapy and/or
immunmodulators (azathioprine (AZA) or 6-mercaptope (6-MP)) are exposed to an
increased hazard for infectious diseases, witmaremental elevation in the relative risk of
opportunistic infection: three fold increased ri€RR 2.9, 95% CIl 1.5-5.3) if any one
immunomodulator was used, increasing substant{@R 14.5, 95% CI 4.9-43) if two or

more drugs were used concomitantly [42].

Some of the infections occurring more frequentlyl®D patients can be prevented with
immunisation. Since influenza is one of the moshewn vaccine-preventable illnesses in
adults, influenza vaccination is recommended fdrIBD-patients on biological therapy

and/or immunmodulators. Inactivated, split virioaceine and inactivated whole virion

vaccine are applied in order to precede influeffitee experimental use of the whole virion
vaccine, which is the first inactivated vaccinenfiotation, dates back to the 1940s. Split
virion is derived by disrupting whole virus parésl with detergents and is thus less
immunogenic than whole virion vaccines [43]. Whol&ion vaccine is administered

intramuscularly; split virion vaccine is administdr intradermally. The types of

immunosuppressive and biological therapies seemafftect the immune response to
vaccinations, but it remains unclear, whether veaiton has an impact on the cytokine
profile of IBD-patients, by which it may influentlee process of the disease.
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. AIMS

1. To investigate the influence of bile acids on ibe-transporter activities of human
colonic epithelial cells and to characterise thdutse pathomechanism of bile-induced

diarrhoea.

2.1. To assess tumor necrosis factor-a (TNF-a), imfi@ab (IFX) concentrations, and
antibodies against IFX in patients with inflammatowel disease (IBD) who develop loss

of response, side effects, or allergic reactionnduanti TNFe therapy.

2.2. To evaluate the cell-mediated immune responseplib and whole virion influenza

vaccines in patients with IBD treated with anti-TRnd/or immunosuppressive therapy.
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[ll.  MATERIALS AND METHODS

1. Therole of human colonic epithelial ion transportersin bile-acid induced diarrhoea

1.1. Patients enrolled in the study

Patients were divided into three groups. The fysiup contained patients having
diarrhoea after ileum-resection/cholecystectomyafioea). In the second group ileum-
resected/cholecystectomised patients were involied did not develop diarrhoea (NON-
Diarrhoea). The control group included patientshaitt any surgical intervention in the
gastrointestinal tract. The patients enrolled is #tudy were between the age of 25-55 years.
Informed consent was obtained prior to endoscopytoBols of the study were approved by
the regional ethical committee at the UniversityS#eged, Szeged, Hungary. 3-6 colonic
biopsies were obtained from the proximal colon ¢oeccolon ascendens) from each patient
undergoing colonoscopy at the First Department eflicine. In none of the patients were
macroscopic (by endoscopy) or microscopic (by lhasty) signs of the presence of
inflammation in the colon. Patients with normal escbpic findings were examined because

of colorectal cancer screening or different abd@inaomplaints.

1.2. Materials and solutions for the experiment

The compositions of the solutions used are shawmable 1. The pH of HEPES-
buffered solutions was set to 7.4 with NaOH atG3MHCG; -buffered solutions were gassed
with 95% Q/5% CQ to set the pH to 7.4 at 37.

General laboratory chemicals were obtained froom@ig\ldrich. Collagenase A was
obtained from Roche Diagnostic (Mannheim, Germani)OE-642 (4-isopropyl-3-
methylsulphonylbenzoyl-guanidin methanesulphonat&s provided by Sanofi Aventis
(Frankfurt, Germany) and was dissolved in dimetduffoxide (DMSO). BCECF-AM (20,70-
biscarboxyethyl-5(6)-carboxyfluorescein-acetoxynykgkter), FURA-2-AM (2-(6-
(bis(carboxymethyl)amino)-5-(2-(2-(bis(carboxymdjaymino)-5-methylphenoxy)-ethoxy)-2-
benzofuranyl)-5-oxazolecarboxylic  acetoxymethyl eest BAPTA-AM  (1,2-bis(o-
aminophenoxy)ethane-N,N,N9,N9-tetraacetic acid), gMsium-green-AM and TMRM
(tetramethylrhodamine methyl ester) were obtaimedhfinvitrogen (Eugene, OR); cell and
tissue adhesive from Becton Dickinson Biosciencell(Tak, Bedford, MA). BCECF-AM,
BAPTA-AM and TMRM were dissolved in DMSO, FURA-2-AMand Magnesium-green-
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AM were dissolved in pluronic acid and DMSO. Thgasgin was obtained from Merck

(Darmstadt, Germany) and it was dissolved in DMSO.

Standard| Ca**-free | Na“ -free | NH«Clin | standard | CI" -free
HEPES | HEPES HEPES | HEPES | Hco, | HCOs
NaCl 130 130 110 115
KCI 5 5 5 5 5
MgCl, 1 1 1 1 1
CacCl, 1 1 1 1
Na-HEPES 10 10
Glucose 10 10 10 10 10 10
NaHCO4 25 25
Na-gluconate 115
Mg-gluconate 1
Ca-gluconate 6
K ,-sulfate 2.5
EGTA 0.1
NH ,CI 20
NMDG-CI 140
HEPES acid 10 10

Table 1. Composition of the solutions for in vitro studi®&lues are concentrations in mmol/L

1.3. Isolation of colonic crypts

Colonic crypts were isolated from three human byoggecimens obtained from the
proximal (cecum or colon ascendens) part of thgelantestine. Only one segment of the
colon was investigated in each patient. The tissamples were placed immediately in ice-
cold NaHCQ containing Hank’s balanced salt solution (HBSS)e Bamples were washed
three times with HBSS, cut into small pieces withazor blade and incubated in 1mM
dithiothreitol (DTT) in HBSS for 15 minutes followeby 2x30 minutes enzymatic digestion
with 0.38mg/mL collagenase A at %7 and continuously gassed with 5% £35% Q. The
small fragments were mixed with a Pasteur pip#ti)arge fragments were allowed to settle
down to the bottom of the flask under gravity f&-30 seconds, and the supernatant removed
and visualised under a Nikon stereo microscopec@lesiPLS, Grinstead, UK). The crypts
(200-300 crypts/isolation) were aspirated into aropipette and transferred into a Petri dish.
For fluorescent measurements the crypts were keptgulture solution for 3 hours atct
before the experiments. The culture solution coiDulbecco’s Modified Eagle’s Medium
(DMEM), 10% fetal bovine serum (FBS; Sigma-AldricBudapest, Hungary), 2mM L-
glutamine, 100U/mL penicillin, and 10 streptomycin. An isolated colonic crypt is shown

in Figure 1.
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Figure 1. Phase contrast (A) and fluorescent (B) piures of an isolated human colonic cryptCrypts
were fixed on glass coverglass. Three regions tefrésts (ROIs) of each crypt were excited with téght
different wavelengths and the fluorescence emissiware measured. B: base, M: middle, S: surface, L:
lumen of the crypt, BL: basolateral membrane.

1.4. Measurement of intracellular pH (pH), Ca®* concentration ([C&]) and ATP level
(ATP;) by microfluorometry

Colonic crypts were attached to 24mm glass coyerslovered with CellTak 3h after
isolation and placed in a perfusion chamber mountethe stage of an inverted fluorescent

microscope linked to an excellence imaging syst®ignipus, Budapest, Hungary).

During the microfluorometry experiments, colonigms were incubated in standard
HEPES solution at 3T and loaded with the appropriate fluorescent dyspts were
continuously perfused with different solutions ataée of 9-10ml/min. Two to three small
areas (region of interest (ROIs)) from the surfaiceach crypt were investigated (Fig. 1).

pH, was estimated with the pH-sensitive fluorescene dJCECF-AM. After
incubating with BCECF-AM (gmol/l) for 20-30 minutes, colonic crypts were erditwith
light at wavelengths of 495nm and 440nm and the4@bfluorescence emission ratio were
measured at 535nm [44, 45].

For the measurement of [ER the cells were loaded with the Casensitive
fluorescent dye FURA-2-AM (5umol/l) for 60 min. Fexcitation, 340 and 380nm filters
were used, and the changes inqGavere calculated from the fluorescence ratio (FB380)

measured at 510nm.

To determine changes of ATte fluorescent dye Mg-green-AM was used, which ha

been shown to indirectly reflect the changes in ATBlonic crypts were incubated with Mg-
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Green (4umol/L) for 60 minutes than were excited with 476hight and emission was
detected at 500-550nm. Because ATP has a 10-feltagraffinity for M§* than ADP, and
most intracellular Mg is present as Mg-ATP [46, 47], the ADP:ATP ratimde monitored.
The elevation of fluorescence intensity caused H®y increase in free intracellular Kig
concentration suggests a reduction of A[@B]. The ATR measurements were performed in
standard HEPES-buffered solution.

1.5. Determination of NHE activities

During the measurement of pHn order to characterize NHE activity NWEl pulse
technique was used in HEPES-buffered solution. Expoof colonic crypts for 3 minutes to
20mM NH,Cl induced an immediate rise in p#ue to the rapid entry of lipophilic base NH
into the cells. After the removal of N8I, pH rapidly decreased. This acidification is caused
by the dissociation of intracellular NHto H" and NH, followed by the diffusion of Nklout
of the cell. Under these conditions, the initiakraf pH recovery from the acid load reflects
the activities of NHEs. XB’) was calculated from the first 60 sec of;pidcovery from

acidification.

Further experiments were done to investigate thevitees of the different NHE
isoforms. The crypts were acid loaded by exposara 3-min-pulse of 20mM NI in
HEPES solution followed by a 10-min-exposure of #tae HEPES solution. Due to the
blocked acid/base transporters (neither sodiumbingarbonate are present in the solution);
the pH is set to a stable acidic level. NHE activity wasgitched on by re-addition of
extracellular sodium and the activities of NHEs evdetermined by measuring the initial rate
of pH recovery over the first 60 sec. The activitiestioé different NHE isoforms are
extracted by using the isoform selective NHE inlobHOE-642. The isoform selectivity of
HOE-642 is dose-dependent, 1uM HOEG642 inhibits NMBEreas 50uM HOE642 inhibits
both NHE1 and 2 but not NHE3 [49, 50]. The actesti(A) of NHE isoforms can be
calculated from the recoveries (R) as follows:

AnHe1= Roum HoEe-642- Rium HoE-642
AnHe2= Ryum HoE-642 - Rsoum HOE-642

AnHE3 = Rsoum HOE-642
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1.6. Measurement of CBE activity

CI" withdrawal technique was used to investigate tttevity of CBE. Removing Cl
from the standard HCOCO, buffered solution caused alkalization due to teeersed
activity of the CVHCO; exchanger. The activity of the exchanger was detexd by

measuring the initial rate of alkalization over fhist 30 sec.

1.7. Determination of buffering capacity and baseféux

The total buffering capacityBfa) Of colonic epithelial cells was estimated accogdi
to the NH' pre-pulse technique [51]. Colonic epithelial cellere exposed to various
concentrations of NkCI in a Na- and HCQ'-free solution; (which refers to the ability of
intrinsic cellular components to buffer changespéf) was estimated by the Henderson—
Hasselbach equatiofiia Was calculated fronBiota = Bi + Bucos- = Bi + 2.3X[HCQ];, where
Bucos- is the buffering capacity of the HGEOC O, system. The measured rates of phlange
(dpH/dt) were converted to transmembrane baseJBY using the equatior}(B’)=dpH/dtx
Brotar The Protar Value at the start point pkvas used for the calculation &fB’). We denote

base influx agd(B’) and base efflux (secretion) akB").

1.8. Electron microscopy

Morphological changes of the different cell orgdeslof the colonic epithelial cells
were evaluated by transmission electron microsqdiaM). Biopsy samples were fixed in
2% glutarldehyde (in PBS) overnight at 4°C deg&sanples were cut into small pieces (1X1
mm) than were infiltrated with 2% gelatin (PBS) ahd small cubes were made, which were
than embedded to Embed 812 (EMS, USA) using anmeulEM embedding protocol. After
the semithin sections (1um), the thin (70nm) sestiere cut for TEM examination.

1.9. Measurement of mitochondrial transmembrane pantial ( (Ay)m)

Changes of Ay)n were assessed by loading cells with 100nmol/L TMRivl 30
minutes at 37°C to measure fluorescence in thegmenilar mitochondrial region.
Depolarisation of the mitochondria results in rethsition of TMRM from the mitochondria
to the cytosol, causing a decrease in mitochondigrescence [52]. Excitation 488nm,

emission was detected at >550nm with Olympus FRw\&V10i confocal system [48].

1.10. Statistical analysis
Values are means + SE. Statistical analyses wafermed using analysis of variance

(ANOVA) with the post-hoc test Dunnett or BonferroP<0.05 was accepted as significant.
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2. Biological therapy with anti-TNF-a |EX in the management of inflammatory bowel
diseases (I1BD)

2.1. Study population I.

In the first part of this prospective observationkhical study, 67 patients with CD
and UC treated in our centre with IFX between 28dad 2012 were enrolled and categorized
into two groups. Blood samples of 36 patients widsponse loss, side effects, or
hypersensitivity to IFX therapy (Group 1) and 3ltipats in complete clinical remission
(Group I) selected as a control group were collected tosoreatrough serum TNé&evel,
IFX, and anti-IFX antibody (ATI) concentration. Teudy was approved by the Regional and
Institutional Human Medical Biological Research iEshCommittee of the University of
Szeged. The 3 infusion induction phase was followgdmaintenance therapy in every
patient. Data on patient demographics, clinicaratigristics, concomitant corticosteroid and
azathioprine therapies, need of surgery, C-reagiretein level, erythrocyte sedimentation
rate (ESR), hematocrit, leukocyte and serum irorelte and details on biological therapy
were prospectively registered. Disease activity wesmsured by using the Crohn’s disease
activity index (CDAI) [53] and partial Mayo scor®4]. The patients’ demographic and
clinical data are summarized in Table 2. We exanitlee correlation between loss of

response, side effects, or hypersensitivity andinsefNF«, IFX trough levels, and ATI

concentrations.
Therapy IBD patients with  Control IBD
loss of response,  patients
side effects, (n=31)
hypersensitivity
(n=36)
Mean age at diagnosis, yr 34.9 (17-67) 36.4 (17-66)
Mean disease duration at biological therapy, yr 7.1 (1-20) 7.7 (1-21)
CDbh/ucC 19/17 17/14
Male/Female 14/22 14/17
Previous biological therapy 22 15
Concominant steroid therapy 5 3
Concominant thiopurine therapy 18 16
Previous surgery 16 7
Active disease 25 0

Table 2. Demographic and clinical data of patients partitipy in the study. CD: Crohn’s disease; UC:
Ulcerative colitis; IBD: Inflammatory bowel disease
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2.2. Study population II.

The second section was a multicentre, prospectw®rt study between September
2012 and May 2013 at 4 Hungarian IBD centréSQgpartment of Medicine, University of
Szeged, T Department of Medicine, Semmelweis Universit}f Repartment of Medicine,
Semmelweis University, Military Hospital, BudapesBatients with IBD were recruited
during outpatient visits at the centres. Inclustoiteria included an age 18 years, diagnosis
of IBD stable for more than 3 months, no signs afvéty (biological and clinical) and not
requiring any treatment modification for the disead inclusion. Patients with active IBD
were excluded. At inclusion, influenza vaccinatigas offered to every patient attending the
involved centres. Patients were randomised to tveoigs on the basis of the acceptance of
the vaccination. Patients refusing the vaccinaserved as control subjects. Patients and
control subjects were followed up for 4 months &ietmine the clinical activity and the
frequency of influenza infections. Clinical dataluded age at diagnosis, disease duration,
gender, IBD phenotype according to the Montreassifecation [53], types of concomitant
therapies, and types and dosages of immunomodwdatbbiological therapy. Immunisation

history for the previous 5 years was also obtained.

Patients who received vaccination were divided itwo further groups: patients
treated with aminosalicylates without immunosupgires therapy and patients treated with
immunomodulator and/or biological therapy for adethree month before the vaccination.
Control subjects had received maintenance therathtyimmunomodulator and/or biological
therapy for at least three month before the vaticina

The type of vaccine (whole virion or split virioraecine) was randomly selected.
Validated clinical activity indices — CDAI [54] andartial Mayo Score (pMayo score) [55]
were used for CD and UC to assess disease actiMity. patients were scored and blood
samples were also taken before and after the \atocmwm The patients were contacted by
phone every week for 16 weeks. During the phonie,adéta from each patient were collected
using a standardised questionnaire. The patients asked about any change in clinical
activity and the development of local and systeadgerse reactions. Ethical approvals for
the study had been obtained from the Scientific Radearch Ethics Committee of Hungary.
Written informed consent was obtained from eachesib

2.3. Vaccines
Two non-live vaccines directed against the seasonafluenza virus

A/California/7/2009 (H1N1), A/Victoria/361/2011 (M2), B/Wisconsin/1/2010-like
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B/Hubei-Wujiagang/158/2009 were used in the sequmart of the clinical study. Inactivated,
split virion vaccine (IDFIu9) and inactivated, wkolirion vaccine (Fluval AB) were
administrated depending on a random selection.

2.4, Measurement of serum IFX trough levels, and AlTconcentrations, TNF-a, IFN-y
and IL-2 levels

Enzyme-linked immunosorbent assay (ELISA) was &gptio determine the serum
levels of TNFe, IFX trough levels, and ATI concentration. Bloodngples, from IBD-
patients, participating in the first part of oumatal study, were obtained prior to application
of IFX infusion. Q-INFLIXI ELISA, Q-ATI ELISA, andQ-TNF-o ELISA kits were obtained
from Matriks Biotek, Ankara, Turkey.

In the second part of our clinical study, serum veadlected at baseline (pre-
vaccination) and 5 to 6 weeks after vaccination iamés stored at -28C until use. From the
collected serum samples, we assessed cell-medmatadne response after vaccination and
also compared it between patients treated with waitisdout immunosuppressants. The cell-
mediated response to influenza A and B vaccinesavatuated using an IN{-1L-2, and
TNF-o ELISA. Human TNFe, IFN-y and IL-2 ELISA kits were obtained from Life
Technologies (Hungary). Serum was also obtainexssess leukocyte and lymphocyte levels

quantitatively.

2.5. Statistical analysis

In order to examined the correlation between |dsgesponse, the development of side
effects or hypersensitivity, and serum TMFIFX trough levels, and ATI concentrations,
continuous data were analyzed using medians withind@rquartile range (IQR). All
categorical data were compared between groups tanps using the Pearsgn2 statistic.
Mann-WhitneyU and Fisher's exact tests were used for comparigonflximab trough
levels and ATIs in a subgroup of patients. Relatimiween laboratory parameters, IFX
trough levels, and ATl was analyzed by Mann-Whithkeiest. AP value less than 0.05 was
considered to be significant.

To the evaluation of cell-mediated immune respataséhe split and whole virion
influenza vaccine in patients with IBD treated wéhti-TNF-o and/or immunosuppressive
therapy, data were analysed using SPSS versioafRtase (SPSS, Chicago, IL). p<0.05 was
considered significant. Categorical data were amalyusing Pearson’s chi-square test and

Fisher's exact test. The effects of the vaccinatiorthe antibody and cell-mediated immune
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response were examined with multivariate analysioance (MANOVA) models with time
as repeated measures (within-subject) factor anel types of the vaccines, the
immunosuppressive status, the vaccinated stategitferent therapies and the development
of side-effects and influenza-like symptoms as leetwsubject factors. Pairwise comparisons
were performed on estimated marginal means by derisg the presence or absence of

interaction; p-values were corrected with the H&rdak method.
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IV. RESULTS

1. Therole of human colonic epithdlial ion transportersin bile-acid induced diarrhoea

1.1. Chronic exposure of the colon to bile acids ipair the activities of NHEs and CBE of
isolated human colonic epithelial cells

Colonic crypts were isolated from patients whosmrme is probably exposed to high
concentrations of BA. lleum-resected or cholecystacsed patients were divided into two
groups depending on the presence (Diarrhoea; dbsence (Non-Diarrhoea; NON-D) of
diarrhoea after the surgical intervention. The wlalied acid/base transporter activities were
compared to those measured in control patientseteriohine the effects of BA on the

epithelial ion transport.

Representative curves of the jpkaces and the summary data of the calculated NHE
activities are shown in Fig. 2A, B. The activitieithe different NHE isoforms are extracted
by using the isoform selective NHE inhibitor HOE2641uM HOEG642 inhibits NHE1
whereas 50uM HOEG642 inhibits both NHE1 and 2 butMidE3 [49, 50]. The functions of
all examined NHE isoforms were significantly reddiga patients in group D compared to

control patients.

The function of CBE was investigated using the wdthdrawal technique (Fig. 2C).
Removal of Clfrom the standard HGCO, bath solution caused a marked alkalization in
colonic crypt cells suggesting the presence of actfanally active anion exchange
mechanism. The activity of the CBE was significanthpaired in D group compared to
control patients (Fig. 2D). In colonic crypt celisplated from NON-D patients, the activities
of the examined acid/base transporters were nonhgath significantly, compared to the

control group, suggesting the significant roleaf transporters in bile-induced diarrhoea.
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Figure 2. The activities of NHE and CBE were decreased in amhic epithelial cells isolated from ileum-
resected/cholecystectomised patients suffering frondiarrhoea. (A) The activities of different NHE
isoforms were determined by NEI pulse technique with the isoform-specific NHEhibitor HOE-642 as
described in materials and metho@) Summary data of the calculated NHE activities. Bleévities of
NHE1-3 were significantly impaired in patients swifg from diarrhoea(C) Representative pHraces
showing the effect of the Ctemoval on the pHof the colonic epithelial cell{D) Summary data of the
calculated CBE activities, which were significandgcreased in patients suffering from diarrhoeau@s of
patients were C: control patients; D: ileum-resgftieolecystectomised patients suffering from diaedn and
NON-D: ileum-resected/cholecystectomised patiertBout diarrhoea. Data are presented as means + SEM
n=5-6 patients/16-24 crypts/32-48 ROIs, *p<0.05cestrol

1.2. Bile acid administration dose-dependently redre the pH of isolated human colonic
epithelial cells

Our next aim was to characterise the basic eff@cBAs on healthy colonic epithelial
cells. For these experiments, colonic crypts weselated from control patients. The
administration of the non-conjugated chenodeoxyatieol(CDC) and the conjugated
glycochenodeoxycholate (GCDC) dose-dependently cestitthe pH of perfused colonic
epithelial cells (Fig 3). The characteristic respowas a rapid decrease in;pthich than
slowly recovered to a variable degree during camirs exposure to BAs (Fig 3A-D). In
HEPES-buffered solution, thapHmax Was more prominent during CDC administration,
compared to those observed in HGEbntaining solution, which can be explained by the

increased buffering capacity of the colonic epitidadells in the presence of HGECO..
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The summary data of the calculaté(@’) in Fig 3E demonstrates that the influx of
BAs was markedly greater when the non-conjugatedC Gias administered compared to
GCDC. This could be due to the lipophilic propedfynon-conjugated BAs which allows
them to permeate through the membrane, while catgagBAs need a BA transporter to

enter the cells.
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Figure 3. Bile acids induce dose-dependent acidosis isolated human colonic epithelial cells.
Representative pHraces(A-D) demonstrating the effect of non-conjugated CD@,(0.3 and 1 mM) and
conjugated GCDC (0.1, 0.3 and 1 mM) administeretHEPES-(A, B) or HCQO;/CO,-buffered (C, D)
solution. Summary data of the calculated base (fi(R /min)) (E) and the maximal pHthange ApHma) (F)
induced by bile acids. Data are presented as me&iM. n= 4-6 patients/14-18 crypts/28-36 ROIs. OB
vs. CDC, #p<0.05 vs. HEPES. ND: not detectable.

1.3. High concentration of the non-conjugated CDCni a short term administration
inhibits the activities of acid/base transporters bisolated human colonic epithelial cells
Because impaired NHE and CBE activities were oleskim patients suffering from

diarrhoea, whose colon is probably continuouslyosegd to high concentration of BAs, we
wanted to determine the influence of acute BA adstistion on the ion transport
mechanisms of healthy human colonic epithelialscellolonic crypts isolated from control
patients were used in these series of experimientsder to investigate the effects of BAs on
the activities of NHEs, we analysed the;pidcovery from an acid load induced by the
removal of NHCI. The representative pHraces (Fig 4A) and the summary data of the
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calculated NHE activities (Fig 4B) show that 10hriieatment with 0.1 mM CDC or GCDC
had no effect on the functions of NHEs. Surprigm@l.3 mM GCDC significantly stimulated
the activities of NHEs. When the colonic crypts evgrerfused with 0.3 mM CDC, an
inhibition of the activities of NHEs was percep#éiblTo identify the exact NHE isoform,
which is inhibited by 0.3 mM CDC, we used the amion pulse technique with the
isoform-selective NHE inhibitor HOE-642 during tleentinuous perfusion with 0.3 mM
CDC. According to our results, all of the NHE iswfs were significantly inhibited by 0.3
mM CDC (Fig 4C).
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Figure 4. Administration of 0.3 mM CDC significantly inhibite s NHE activity in isolated human colonic
crypts. (A) Representative pHurves showing the effects of CDC (0.1 and 0.3 raktj GCDC (0.1 and 0.3
mM) on the recovery from an acid load induced byaeal of 20 mM NHCI. (B) Summary data of the initial
rate of pH recovery from acid loadlC) Summary data of the effect of 0.3 mM CDC on th&wated
activities of the different NHE isoforms. The isofeselective NHE inhibitor HOE-642 was administeesd
described in Matherials and Methods during treatnwth 0.3 mM CDC. Data are presented as means +
SEM. n=%6 patients/-12 crypts/1-40 ROIs, *p<0.05 \. control

We also tested the effects of higher BA concemnati When 20mM NECI was
applied at the same time with 1 mM CDC, the fluoezd intensities at 440 and 495 nm
rapidly decreased causing an elevation of the #80fdtio. This must be due to the loss of
BCECF and reflects the lysis of the cells. Thisnifat effect was absent when the crypts

were exposed to 1 mM on the conjugated bile aci®G(data not shown).
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The Cl-withdrawal technique was applied to examine theigg of CBE as well. The
apical Cl removal from the extracellular solution increaskd pH of the cells by driving
HCGQO; into the cell via the apical CBE, whereas, re-addiof CI decreased pHnducing
secretion of HCQ via the CBE. Treating the crypts with 0.3mM CDGuiked in a strong
inhibition in the activity of CBE (Fig 5). Neithéow concentration (0.1 mM) of CDC nor 0.1
mM or 0.3 mM GCDC influenced the function of CBE.
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Figure 5. 0.3 mM CDC significantly inhibites CBE ativity in isolated human colonic crypts. (A)
Representative pHraces showing the effect of CDC (0.1 and 0.3 nai) GCDC (0.1 and 0.3 mM) during
removal of extracellular CI(B) Summary data of the initial rate of pelevation after Clwithdrawal. Data
are presented as means + SEM. n=3-6 patients/8yp&st12-40 ROIs, *p<0.05 vs. control.

1.4. High concentration of the non-conjugated CDC nduces severe mitochondrial
damage

Our next aim was to explore the intracellular negbms by which BAs exert their
inhibitory effect on acid/base transporters. Sipoevious works have reported that BAs can
disrupt intracellular organelles (Golgi, mitochoiad{56-58], we firs analysed the structure of
the cell compartments of human colonic epithel@lscfollowing incubation with BAs. TEM
(Fig 6) showed that low concentration of CDC (0.Mmr 0.3 mM) or 1 mM GCDC for 1-10
min had no effect on the structure of intracellwaganelles. On the other hand, 10-minute
exposure of the human colonic epithelial cellsightconcentration (1 mM) of CDC strongly

damaged all of the mitochondria. The mitochondreelied up and the inner membrane
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structures were disrupted. We did not observe sitehation in other intracellular organelles,
such as endoplasmic reticulum, Golgi apparate olenu~or positive control experiments, the
mitochondrial toxin carbonyl cyanide m-chlorophenydrazone (CCCP, 10QM) was
applied. The mitochondrial injury was similar to$e seen after 1mM CDC treatment.

Control 1 mM GCDC 1mM CDC 0.3 mM CDC 100 uyM CCCP

Figure 6. Treatment with 0.3 mM CDC does not alterthe structure of intracellular organelles.
Transmission electron microscopy. Effects of CDC3(M and 1 mM) and GCDC (1 mM) on the
mitochondria of human colonic epithelial cells.drypt lumen, arrow; mitochondr

1.5. Bile acid treatment decreases ATiRnd (Ay)n, of isolated human colonic epithelial
cells

Since TEM experiments didn't reveal the inhibitanechanism of 0.3 mM CDC
completely, we tried to dissect the mechanismfanational level. Therefore, in the next step
we aimed to find out whether CDC has any influemcehe ATR level of the human colonic
epithelial cells. Using the Mg-Green fluorescentl@, which is indirectly sensitive to ATP
(see Methods) we showed, that 0.3mM CDC signifigardut reversibly depleted ATRf
isolated human colonic epithelial cells (Fig. 7A, Bollowing administration of 0.1mM CDC
the ATR was not affected (data not shown). In case of 1@IMC, not only the structural
impairment of the mitochondria was evident butgngicant and irreversible decrease of the
ATP; level was perceptible as well. For positive colptlee mitochondrial toxin CCCP was
applied similarly to the morphological studies. Ttaet that high concentration of CDC
caused more prominent AT@&epletion than CCCP, suggests that BA have additieffects,
which further decreases ATH 0 investigate the effects of BA on glicolytic Riproduction
the combination of deoxyglucose (DOG)/idoacetan(i@d) was used, which inhibit the
glycolytic metabolism of colonic epithelial cellsOmM DOG + 5mM IAA significantly and
irreversibly depleted ATiP CCCP and DOG+IAA together mimicked the effect logh

conenctrations of CDC on the AiTéf isolated human colonic epithelial cells.
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Alterations of Ay), were also examined. Representative traces in FQ.

demonstrate that administration of 0.1mM or 0.3mMCCinduced a significant decrease in

TMRM fluorescence, which indicates the loss afy),. This effect was reversibleA¢)n,

returned to basal level following removal of CDQurthermore 1mM CDC or 100uM CCCP

caused a marked and irreversible reductior\gi .
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Figure 7. Treatment with 0.3 mM CDC significantly decreases ATP and disturbs Ay).. (A)
Representative curves of the Mg-green fluoresceperments. Elevation of fluorescent intensity esamts
depletion in ATR (B) Summary data for the maximal fluorescent intensktgnges. High concentrations of
CDC significantly decreased ATHC) Representative traces of thay{,, measurements. Decrease of
fluorescent intensity represents loss of mitoch@mhdransmembrane potentigD) Summary data for the
maximal fluorescent intensity changes. High conegions of CDC significantly decreasedy().. All
experiments were performed in HEPES-containing tewiu Data are presented as meanstSEM. n=3
patients/56 crypts/1315 ROIs. *p<0.05 vs. 1 mM CDC

1.6. CDC dose dependently increases [€% via endoplasmic reticulum (ER) C&

release and extracellular C&" influx

To further investigate the intracellular effectsB, the changes of [¢§; in isolated

human colonic epithelial cells was measured du@iC-treatment. In our experiments,

administration of CDC caused a dose-dependentadserin [C&]; (Fig. 8A-C). The increase

in [C&"]; was a sustained, plateau-like pathophysiologicgias. The removal of G4 from

32



the extracellular solution significantly decreasieid effect. Pretreatment of the colonic crypts
with BAPTA-AM (40uM), a fast chelator of [C4); abolished the effect of 0.1 and 0.3mM
CDC, however, a moderate increase of’Gavas still observable when 1mM CDC was
applied (Fig. 8D).
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Figure 8. CDC dose-dependently induces an increasethe [Ca’"]; of isolated human colonic epithelial
cells. (A-C) Representative curves showing the effect of CD@, (0.3 and 1 mM) on [C4; of isolated
human colonic crypts in Gafree or 1 mM C&-containing solution with/without pretreatment withe
[Ca™]; chelator BAPTA-AM. (D) Summary data for the maximal fluorescent intensihanges. All
experiments were performed in HEPES-buffered smiutiData are presented as means + SEM. n=2-4
patients/5-10 crypts/10-21 ROIs.

We made attempts to identify the source ofCaeleased during CDC-treatment.
Caffeine (20mM) and/or Ruthenium red (RR,uld) were utilised in order to antagonise
inositol triphosphate receptor @) and ryanodin receptor (RyR), which can mediaté" C
release from the ER. Representative curves andstimemary bar chart (Fig. 9A, B)
demonstrate that the application of caffeine sigaiftly inhibited the increase in [€3
generated by 0.3mM CDC, while the administratiolR&f had no effect on the Eaelease.
The rate of [C&]; increase was significantly diminished as well dgrthe administration of

caffeine (Fig. 9C).
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Figure 9. CDC released C# from the ER in isolated human colonic epithelial ells. (A) Representative
curves showing the effect of thesRPinhibitor caffeine (20 mM), RyR inhibitor RR (40M) on the increase
of [C&"]; induced by 0.3 mM CDC(B) Summary data of the maximal fluorescent intenshgnges(C)
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In the next step gadolinium (&4 1uM) was applied to block plasma membrané*Ca

entry channels. Gd alone was not able to decrease the elevationat]jghduced by 0.3mM

CDC, while the simultaneous administration ofGdaffeine and RR significantly reduced it
(Fig. 10).
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Figure 10. CDC released C# from the ER and induced extracellular C&" influx in isolated human
colonic epithelial cells. (A)Representative curves showing the effect of thsmh membrane €achannel
inhibitor G&®* (1 pM). (B) Summary data of the maximal fluorescent intensfitgnges(C) Summary data of
the calculated rate of [€3; increase. All experiment were performed in HEPESdved solution. Data are
presented as means + SEM. n=2-4 patients/5-8 ¢typi8 ROIs. *p<0.05 vs. CDC
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To further characterize the CDC-induced increasiCet’]; in colonic epithelial cells,
thapsigargin (Tg), the sarcoplasmic/endoplasmiculetm calcium ATPase (SERCA pump)
inhibitor was applied. In Cafree solution, Tg (M) induced C&" store depletion with
consequent [C4]; elevation. This elevation was markedly decreasecernwiig was
administered after 0.3 mM CDC. Tg, when administetering 0.3mM CDC, further induced
a slight increase in [ (Fig 11). These observations suggest that besilesttracellular
C&" influx, CDC deplete ER Castores via IBR mediated processes.
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Figure 11. The ER C&* pump SERCA inhibitor further increases [C&]; after CDC treatment in
isolated human colonic crypts(A) Representative traces showing the effects of SERG®Itor Tg (2uM)
administered alone, following or during 0.3 mM C@ the [C&]; (B) Summary data of the maximal
fluorescent intensity changes af@) the calculated rate of [€3 increase. All experiments were performed
in Cé*-free HEPES-buffered solution. Data are presengetheans + SEM. n=2-3 patients/5-6 crypts/12-14
ROIls. #p<0.05, ##p<0.01 vs. Tg alone.
1.7. The non-conjugated CDC induces ATP-dependentdrease in the N§dH"-exchange
activities and C&*-dependent inhibition of CBE activity in isolated tuman colonic
epithelial cells

Next we examined the potential connection betwhenrtracellular effects of 0.3mM
CDC (ATR depletion and [Cd]; elevation) and the decreased function of acid/base
transporters following treatment with the BA. Amnam pulse technique (Fig. 12A) showed
that chelation of intracellular €awith BAPTA-AM did not influence the inhibitory eftt of
0.3mM CDC on the NHE activity. In contrast, where tglycolysis inhitbitors DOG+IAA
were applied the same inhibition of NHEs was peibép (Fig. 11B), which suggests that

CDC inhibits NHE via ATRdepletion. This result confirms the observation aiher
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workgroups that NHEs are secondary-active tranepoend their function is ATP-dependent

[59-61].
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Figure 12. 0.3 mM CDC induced ATRdependent inhibition of NHEs in isolated human canic
epithelial cells. (A) Representative pHurves showing the effect of 0.3 mM CDC, (ATEgpletion or
pretreatment with the [€§; chelator BAPTA-AM on the initial rate of pHecovery from an acid load
induced by the removal of 20 mM NEI. (B) Summary data of the initial rate of ptécovery from an acid
load. The depletion of AT,Pmimicked, but the prevention of €alevation did not change the effect of CDC
on the NHE activities. The experiments were perfrim HEPES-containing solution. Data are preseased

means + SEM. n=3-6 patients/5-12 crypts/8-40 R&§is0.05 vs. control.

We also investigated the inhibitory effect of 0.3n@DC on CBE more detailed. We
tested the effects of [€3; chelation and ATPdepletion during the Gtemoval technique in
isolated human colonic epithelial cells. In our exments, the intracellular &achelator
BAPTA-AM completely abolished the inhibitory effecf 0.3mM CDC on the activity of
CBE. In contrast, depletion of ATRith DOG+IAA was not able to reduce CBE activity.
These results provide evidence for the strong*-@ependence of the transporter. Our
observations suggest that bile acids inhibit CBEvig via toxic [C&']; elevation unlike

NHE activity, which is inhibited by ATRlepletion (Fig. 13).
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Figure 13. 0.3 mM CDC induced ATRdependent inhibition of NHEs and C&'-dependent decrease in the
activity of CBE in isolated human colonic epithelia cells. (A) Representative pHurves demonstrating the
effect of 0.3 mM CDC, ATPdepletion or pretreatment with the f(Jachelator BAPTA-AM on the removal of
extracellular Cl. (B) Summary data of the initial rate of pélevation after Clwithdrawal. The chelation of the
[Ca®"); elevation abolished the inhibitory effect of CDIhe experiments were performed in HG@ontaining
solution. Data are presented as means+SEM:&patients/512 crypts/840 ROIs. *p<0.05 vs. Control.

2. Biological therapy with the anti-TNF-a | F X in the management of |1BD

2.1. Assessment of TNIle; IFX concentrations, and antibodies against IFX mizcules in
IBD-patients who develop loss of response, side @gts, or allergic reaction during anti
TNF-a therapy

The median CDAI in groupd and II were 138 (IQR 68-186) and 50 (IQR 34-70),
respectively; the partial Mayo score in the twougp® were 5 (IQR 3-6) and 1 (IQR 0-1),
respectively. The median serum TNHevels were 10.5 (IQR 3.2-18-9) and 6.3 (IQR 1.5-
15.7) pg/mL in groupsl and II, respectively. The median IFX trough level was BQR
2.6-5.04) and 3.5 (IQR 2.6-4.4y/mL in the two groups, respectively. Fourteengyds were
found to have ATI positivity with a median of 93®8/mL (IQR 328-3306). ROC analysis
revealed that the cut off value of serum IFX fotedéing ATl was 3.0ug/mL. The serum
TNF-a level was significantly higher in the presencé\di (24.23 pg/mLvs 6.28 pg/mL,P=
0.005). ATI positivity correlated significantly viatlow trough levels of IFX (2.6@g/mL vs
3.86 ug/mL, P = 0.015). However, no difference was detected imreel=-X and antibody
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levels between the two groups (2463/mL vs 2.66 ug/mL, P = 0.821). Serum IFX and ATI
levels in patients with ATI positivity are summagzin Table 3.

Two of the IBD patients with antibodies againsti aiNF-o developed side effects, 5
patients lost response, and an allergic reacticcuroed in 3 patients. 37 patients were
previously treated with biologicals, with developmheof ATI being more frequent those
patients P = 0.048). Dose intensification was required in 9 gra8. No association was
found between dose intensification and the devewspgmof ATI. Concomitant
immunosuppression had no impact on IFX trough Ewa on the development of ATI
formation. Increased ESR and C-reactive proteimetated significantly with lower serum
IFX level (P = 0.04 and® = 0.002). The serum TNE-evel was higher in patients not treated
concomitantly with steroid$>(= 0.038).

Patients| Serum IFX ATl level
level (ug/ml) (ng/ml)
1 2.75 3194.90
2 2.68 258.55
3 2.67 1056.25
4 2.66 3055.04
5 2.93 3712.82
6 2.26 3343.07
7 2.66 129.54
8 2.49 4540.33
9 12.4 58.92
10 2.66 3679.21
11 2.65 536.57
12 1.90 555.53
13 1.71 810.87
14 4.67 46.34

Table 3.Serum IFX and ATl levels in case of ATI positivity

2.2. The impact of influenza-vaccination on the chkilar immune response of IBD-
patients treated with anti-TNF-a and/or immunosuppressive therapy.
209 IBD patients (127 with CD, 82 with UC) weregdile and enrolled in the study.

156 patients received influenza vaccination, whe&a patients (control group) refused the
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vaccine — the acceptance rate of vaccination wad¥&6Whole virion vaccine was given to
57; split virion vaccine was given to 99 patiefitee mean age of the vaccinated patients was
27.9 years; 84 were women, 72 were men. In the@ogtoup, the mean age was 30.7 years,
29 were women, 24 were men. Out of the 156 vaaeihphatients, 98 had CD, 58 had UC.
Median disease duration was 9 years for CD (IQR%-dnd 9 years for UC (IQR 4-15.8). Of
the control subjects, 29 had CD and 24 had UC. Medisease duration was 7 years for both
CD (IQR 5-14) and UC (IQR 4.5-12).

Out of the 156 vaccinated patients, 115 receivadunmosuppressive therapy. The non
immunosuppressive group of vaccinated subjectscoagposed of 41 patients. Out of the 53
control subjects, 32 received immunosuppressiveaglye Twenty-one patients were free of
immunosuppressive therapy. 8.3% of the patient® wegularly vaccinated against seasonal
influenza virus. 39 patients (21.5%) had receiveel fast vaccination within one year, 25
patients (13.8%) within 3 years and 3 patients¥@.Within 5 years. 63% of the patients had
received the last vaccination more than 5 yeardieearDemographic and clinical
characteristics, disease activity at the time o thaccination and treatment types are

summarised in Table 4.

Leukocyte and lymphocyte levels varied between -278 G/L and 0.38-20.9 G/L
before and between 2.41-20.54 G/L and 7.9-43.8 &@iir the vaccination. Leukocyte and
lymphocyte levels did not differ significantly aftgaccination. The level of INk-varied
between 9.9 and 39.1 pg/ml before and between did739.1 pg/ml after vaccination. IL-2
levels varied between 14.7 and 152.6 pg/ml befock leetween 13.8 and 152.3 pg/ml after
the vaccination. The levels of TNFvaried as: 11.6-360.4 pg/ml before and 8.5-21§/énp
after the administration of the vaccine. NeitherFF&y nor INF+ levels changed significantly
after influenza vaccination; however, a significdetrease was observed in the level of IL-2

after vaccination with split vs. whole virion varei (p=0.004).
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All patients Fluval AB vaccinated IDFIu9 vaccinated Controls

(n=209) {n =57) (n = 99) (n=153)

Gender

Male 96 30 42 24

Female 113 27 57 29
Mean age at diagnosis (years) 28.6 27.2 28.3 30.7
Median disease duration. (years) 9 g 4] T
Crohn’s disease 127 46 52 29
Ulcerative colitis 82 11 a7 24
Age of diagnosis

Al 22 4 11 7

A2 158 47 74 37

A3 29 6 14 9
Disease location

i 25 10 10 5

L2 46 14 20 12

L3 54 21 22 11

L4 2 1 0
Disease behavior

Bl 41 14 19 8

B2 24 9 12 3

B3 62 23 21 18
Extent of UC

El 21 3 11 7

E2 28 5 16 7

E3 33 3 20 10
Therapy

Aminosalycilates 21 5 6 10

Thiopurnines 27 7 14 5]

Andg-TNF-o 26 10 12 4

Combined thiopurines and anti-TNF-o 62 20 20 22
Mean CDAI 120.3 108.4 133.2 137.5
Mean pMayo score 1.8 LT 1.6 2.1

Table 4. Demographic, clinical characteristics, diseasévities and treatment types of patients, enrolledhe
study.
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V. DISCUSSION

1. Therole of human colonic epithdlial ion transportersin bile-acid induced diarrhoea

One of the main non-motor functions of the colomoisbsorb about 90% of the fluid
(~1.5 to 1.9 liters), arriving daily from the smaitestine [62]. This great absorptive capacity
of the large intestine is mediated by the polarispdhelial cell layer which maintains the
balance between absorption and secretion. Theseiged epithelial cells are equipped with
numerous ion channels, pumps and carriers locatééreon the luminal or basolateral
membrane, allowing highly efficient transport ofga amount of water and salts, especially
Na" and Cl [63]. The electroneutral NaCl absorption is prolalediated via the coupled
activity of Na/H* exchangers and THCOs; exchangers [2, 3]. The fact that impaired
activities of these transporters were observed iarrltbea-associated diseases, such as
ulcerative colitis and secretory diarrhoea [12, 4], underlies their importance in colonic

electrolyte and water absorption.

BAs are amphipathic molecules aiding fat solubiia and lipid digestion in the
intestine. Besides the physiological functions, B#&e also known to induce diarrhoea, a
common feature of BA malabsorption. BAM often deya after small bowel resection or
post-cholecystectomy [14-17]. Increased colonicilityp{65], stimulated defecation, mucosal
damage, increased epithelial permeability and détad mucus secretion [66] are the major
responses to the elevated amount of BAs in thencola addition, the influence of BAs on
the secretory function of colonic epithelium is gaged to be critical in the development of
bile-induced diarrhoea. Confirming this, the proseary action of BAs on colonic epithelial
cells was demonstrated [21-23, 67, 68]. Althougte-lmduced diarrhoea is a frequent
complication affecting high number of patients, gathogenesis is not yet completely

understood.

Because BAs can induce diarrhoea when they areemirda the colon at high
concentration, in our first series of experimemis, wished to clarify whether the decreased
activities of acid/base transporters are involvedhis process. Thus, we isolated colonic
crypts from patients, whose colon is probably cumusly exposed to high concentration of
BAs. lleum-resected or cholecystectomised patievegse involved in the study and were
divided into two groups depending on having (Diaegh - D) or not having diarrhoea (Non-

Diarrhoea — NON-D) after the surgical interventidn.the D-group, the activities of all

41



examined NHE isoforms were markedly lower than amtmol patients. Next, we tested
whether the activity of the CBE is also influendeg chronic BA exposure. Similarly to
NHEs, the activity of the CBE was significantly dmshed in D-patients compared to
controls. It is important to note that the funcBaf the examined acid/base transporters were
unaltered in colonic epithelial cells isolated frdmopsy samples of NON-D patients. These
data suggest that the reduced absorptive functioth® colon is probably due to the
continuous presence of non-physiological conceotraif BAs. This is in agreement with the
observation that CDC reverses the absorption oemand N& into secretion in rat colon
[69], moreover, Freel et al. showed inhibited” dsorption in rabbit colon induced by BAs
[70]. In a more previous study Binder et al. aleparted that excess BAs in rat colon
decrease Naand Cl absorption [71].

Following our first fundamental observation regagithe long-term influence of BAs,
we aimed to characterise their basic effects onamnolonic epithelial cells. Thus, colonic
crypts isolated from control patients were treatétth the non-conjugated BA CDC and the
conjugated GCDC. We used conjugated and non-cotgddgaAs as well, because due to the
conjugation, the natures of the BAs are changireng a weak acid, CDC can traverse cell
membrane by passive diffusion [72]. On the contrapnjugated BAs are water soluble and
require active transport mechanisms for cellulatak [73]. Indeed, the presence of the
apical sodium dependent BA transporter ASBT wasidolo be expressed in human biopsies
from different segments of the large intestine [14]this study, three concentrations of the
BAs were applied: 0.1 mM as a low, while 0.3 anthM served as high concentrations, in
order to imitate physiological and non-physiologjicmcumstances. This was based on the
data of Hamilton et al., that the physiological cemtration of total BAs — including
conjugated and non-conjugated forms - in the prakioolon (cecum) reaches 1 mM [75].
Moreover, in the large intestine, BAs are metatealizmainly deconjugated, by resident
bacteria [76-78], leading to the elevated formatbthe more lipohil non-conjugated BAs. In
our experiments, administration of BAs caused améuaiiate, dose-dependent and reversible
decrease of the pHwhich acidosis was more prominent in case of @¥C, due to the
typical characteristics of the non-conjugated BAs.

Because decreased activities of NHEs and CBE wesereed in patients suffering
from diarrhoea, whose colon is probably continupesiposed to high concentration of BAs,
next we investigated the short-term effects of Bsthe functions of ion transporters of

colonic epithelial cells. Colonic crypts, isolatedm control patients, were treated with 0.1 or
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0.3 mM CDC or GCDC. Administration of CDC in a @& high concentration (0.3 mM)
resulted in a significant inhibition of NHEs and EBf human colonic epithelial cells,
suggesting the possible toxic effects of high dase®n-conjugated BAs. In order to identify
the exact NHE isoform, which is inhibited by 0.3 m@DC, the isoform-specific NHE
inhibitor HOE-642 was applied. Our experiments sbdwhat the functions of all examined
NHE isoforms were reduced in response to 0.3 mM CBIGough the secretion of Cand
Na’ in response to BAs was not investigated in thislgt it is already well established that
BAs stimulate intestinal electrolyte and fluid stewn [24] and the decreased absorption and
elevated secretion of ions may account for therliigga associated with BAM. Surprisingly,
0.3 mM GCDC markedly stimulated the activities dilss. Physiologically, most of the BAs
are present in conjugated form, which protectstigmies from the strongly detergent non-

conjugated BAs.

Having seen that both acute and chronic exposuiteeofolonic epithelial cells to BAs
resulted in reduced electrolyte absorptive procedbe question raised how BAs are able to
explain this inhibitory effect and what is the naléar background of this inhibition. First, we
investigated the effects of BAs on the morpholodyindracellular organelles, as a potent
candidate for the target of Bas. Basing this ideg@vious studies, demonstrating that BAs
can perturb intracellular organelles and inducegGiohgmentation, ER-stress and disruption
of the mitochondria not only in cultured coloniciteplial cells but also in pancreatic ductal
cells [56-58]. In our experiments, 10-minute expesaf the colonic epithelial cells to 0.3
mM CDC or 1 mM GCDC did not induce any visible &dtgon in the morphology of the cell
compartments. Nevertheless, 1 mM CDC caused aeselanage in all of the mitochondria.
The mitochondria swelled up and the structure ef itiher membranes was lost, whereas
other intracellular organelles seemed to remaiacintFor positive control experiments, the
mitochondrial uncoupling toxin CCCP (1Q@M) was used, which resulted in the same

mitochondrial injury as it was observed after tneat with 1 mM CDC.

Although 0.3 mM CDC inhibited the activities of dfthase transporters, but it did not
induce alteration in the structure of intracelluaganelles, next we investigated whether
ATP; is affected by 0.3 mM CDC. Administration of 0.3MmCDC significantly but
reversibly depleted the ATPf isolated human colonic epithelial cells. In gidth, 1 mM
CDC caused a more prominent reduction in ATeRel. Exposure of the isolated colonic
epithelial cells to the glycolysis inhibitors 10 mBPIOG + 5 mM IAA together with the
mitochondrial uncoupler toxin CCCP mimicked thesetfof 1 mM CDC. These observations
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indicate that non-conjugated BAs in high concerrainhibit both the oxidative and the

glycolytic metabolism of the colonic epithelial ksel

In order to more profoundly examine the influence @DC on the processes
concerning the mitochondrial metabolism of theasadl human colonic epithelial cells, we
decided to investigate mitochondrial transmembrpogential Ay)n,, being the essential
driving force for ATP synthesis. 0.1 mM and 0.3 n@DC induced a marked reduction of
TMRM fluorescence, which indicates the loss &, This effect was reversiblehym
returned to basal level following removal of the .Be significant and irreversible reduction
of Ayy, caused by 1 mM CDC was more prominent than it whserved after the
administration of the mitochondrial uncoupler toKICRCP. Taken together, these data clearly
demonstrate that 0.3 mM CDC is not enough to catsgctural damage of the cell
compartments but it is still able to deplete ABAd diminishAy,, by which perturbs the
energy homeostasis of human colonic epitheliabcdlhese processes may play a role in the

impaired function of ion absorption.

Next, we investigated another potential intracaliutarget of BAs, the CGh
signalisation, a well-known mediator of numeroukbuta&r processes. It was shown previously
that the CYHCOs exchanger DRA and NHE3 are inhibited by the patbichl increase of
intracellular C&" [50, 79]. In our experiments, CDC dose-dependendyced an increase of
[C&®"];, which was a sustained non-physiological elevatidth & plateau-characteristic. The
removal of C&' from the extracellular solution mostly preventedile pretreatment of the
colonic crypts with BAPTA-AM (4QuM), a chelator of C&; almost completely abolished the
effect of 0.3 mM CDCWhen elevation of [Cd]; occurs, the source of €acould be the ER
or the extracellular space. From the ER*'Ganters into the cytoplasm throughs®Pand/or
RyR. In order to identify the orignin of elevate@®Cduring administration of 0.3 mM CDC,
the IRR antagonist caffeine, the RyR-blocker RR and tlasrpa membrane €achannel
inhibitor gadolinium (Gd") were applied. In our experiments, caffeine, boit RR or Gd",
reduced the [C&]; elevation, induced by 0.3 mM CDC. The fact thathesi RR, nor G
alone were able to prevent the toxic*Csignal, suggests that CDC mobilizes stored’Ca
from the ER via IER. However, since the inhibition ofJR did not completely abolished the
effect of CDC, proposes that extracellular’Ciflux must be a key player as well. This
process is most probably mediated by*Q@dsensitive C& channels or NaC&* exchangers
(NCXs). Moreover, the non-specific cation channeds also not be excluded. These ion

channels have large NaC&* and/or K conductance but since specific inhibitors areitagk

44



it is difficult to distinguish their functions. Beke, the SERCA inhibitor thapsigargin induced
a further elevation of the [€5; after or during CDC administration suggests thBCoes
not completely empty the ER €astore. These observations lead us to the hypsttleat
CDC mobilizes stored G from the ER and promotes the influx of externaf'‘C&he
increase in [C4]; in response to CDC is probably not due to therdete property of the
BA, because this effect is reversible. Neverthelgbg involvement of other minor
intracellular C&" stores (mitochondria, Golgi, peroxysomes) musb d&ls considered as a

potential target of CDC in the colonic epithelialls.

Finally, we examined whether there is a conjuncbetween the inhibitory effect of
0.3 mM CDC on the activities of acid/base transgrgrand its intracellular actions on ATd?
[Ca™]i. Therefore, we measured again the ion transpadivities of human colonic crypts,
isolated from patients with healthy colon. Depletiof ATR with the glycolysis inhibitors
DOG+IAA resulted in a similar decrease of the atitg of NHEs as it was perceptible
following administration of 0.3 mM CDC. In contragiretreatment of the colonic epithelial
cells with the C&; chelator BAPTA-AM did not prevent the toxic effeft0.3 mM CDC on
the activities of NHEs. These results indicate & mM CDC inhibits the functions of
NHEs via depleting ATPElevation of [C&]; may play a minor role in this process. This is in
agreement with previous observations that NHEssao®ndary-active transporters and their
function is ATP-dependent [59-61]. Still, the comsences of ATPdepletion and the role of
[Ca®™]i increase cannot be completely distinguished frachether, since CDC affects them
simultaneously. Beside the Naransport, the Clabsorptive capacity via the CBE of the
colonic epithelial cells was also tested again. A@EBpletion caused by the glycolysis
inhibitors did not have any influence on the atyivof CBE. However, preincubation of the
colonic crypts with the C4 chelator BAPTA-AM, which almost completely abolkshthe
sustained elevation of [€3; induced by 0.3 mM CDC, restored the decreasedigctf
CBE due to 0.3 mM CDC. This observation further s the hypothesis that CBE is
inhibited by the non-physiological elevation of fa[79].

In conclusion, in this study we provided evidenattBAs impair the ion transport
mechanisms of human colonic epithelial cells whaduld play an important role in the
development of BAM associated diarrhoea. We dennatest that chronic exposure of the
colon to high concentration of bile acids results decreased activities of acid/base
transporters, responsible for NaCl absorption. ldditeon, the non-conjugated BA

chenodeoxycholate inhibits the activities of NHEsd aCBE of isolated human colonic
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epithelial cells by depleting ATRind inducing toxic sustained intracellular*Gelevation.
These processes may reduce fluid and electrolyserption in the colon and generate
diarrhoea. Thus, our results might contribute te ttevelopment of new therapeutical

approaches in the treatment of bile-induced diaaho

2. Biological therapy with the anti-TNF-« | EX in the management of |1BD

In the past decades, biological therapy revolutedithe treatment of IBD. At the
beginning, it was introduced into the medication tbbse patients, who have failed
conventional therapies. Unfortunately, a significproportion of patients loses response to
these agents or develops adverse effects, suatfusson- or hypersensitive reaction during
the course of the treatment. Nowadays, cliniciares willing to start biological therapy
sooner, parallel with steroids and/or immunomodutat in order to avoid unfavourable
outcomes. The prevention and the management aifgletic failure with IFX is a significant
challenge for clinicians in the field of IBD. Losd# response occurs mostly due to the
phenomenon of immunogenicity, the production oftradizing anti-drug antibodies, that
accelerates drug clearance leading to subtherapedtug concentrations [80].
Immunogenicity induced by IFX can be determinednignitoring the serum concentrations
of ATI, TNF-a and IFX [81]. It has been repeatedly demonstrdtet,the formation of ATIs
results in a decreased level of serum IFX, increasi of infusion reactions and diminished
clinical response [82, 83]. Maintenance vs. episaldilFX therapy or concomitant
immunomodulators are proven to be benefical theraq strategies that reduce ATI
development and the risk of infusion reactions [, Interestingly, antibodies against IFX
Fab fragment are detectable in patients never vedeiFX therapy, they may be present
before IFX treatment in patients naive to biologmgents, and may predict long-term clinical
efficacy and safety of IFX in CD and UC. Measuremanthese antibodies before initiation
of IFX treatment might help clinicians to selece thest type of therapeutic TNF-blocker in
individual patients [86].

In our study both increased TNFand decreased IFX levels correlated with the
presence of ATI, although neither ATI nor serum liRRuenced the outcome of the therapy.
A meta-analysis also concluded that the presend®Ttd is associated with a significantly
higher risk of loss of clinical response to IFX dogver serum IFX levels in patients with

IBD [87]. Although these statements and consequeace logical, the results of the clinical
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practice are confusing. In a prospective cohortlyst8teenholdt et al. found that improved
clinical outcome was associated with a higher iaseein IFX levels [88]. Moreover, in a
systematic review Chaparro published that theeeabse relationship between trough levels
of anti-TNFw and maintenance of response [39]. Although higleeam IFX level proved to
predict longer duration of response and clinicatission by some studies both in CD and UC
[85, 87, 89, 90], a Japanese study showed than#dwkan trough levels of IFX did not differ
significantly in patients who maintained and whetleesponse to IFX [91]. In the study of
Bortlik et al. the median trough levels of IFX wesgnificantly higher and antibody titers
were significantly lower in patients with conconmtahiopurines [92]. In our study, previous
biological therapy had more significant effect dre toutcome of IFX therapy than the
concomitant use of thiopurines. According to thedgtof Afif et al., dose escalation was
associated with a high clinical response in pasiemith subtherapeutical IFX levels and
negative ATI, and better clinical outcome was aebikin ATI positive patients switching to
another anti-TNFe-drug [93]. On the basis of previous studies, concomitamticosteroid
therapy is suggested to decrease the effect of d Nocker confirmed by our results

regarding the higher TNE-evel in patients receiving steroids [94, 95].

Because of these controversial data, the usefublfas®nitoring the trough levels and
ATI concentrations in the therapeutic decisions rbayquestionable. Our results do not
confirm the clinical utility of trough level and inody measurement in the differentiation of
“problematic’ patients with loss of response of ede reactions vs. those who respond
appropriately to the biological therapy. The reasbthe conflicting outcomes of the studies
could be due to the differences in patient selactigpe of analysis, the large interindividual
dissimilarities in the reactions for the treatmenthe lack of uniform reporting, which makes
difficult to understand the results and to compgaeeindividual studies. Anyway, therapeutic
drug monitoring could be a key device in the opsiedi management of IBD patients,
however, the methods should be correctly standaddiSteenholdt et al. underlines the
importance of individualised therapy, which prodde&ost-effectiveness as an extra
advantage, without any apparent negative effealiorcal efficacy [96]. The same goals has
the Trough level Adapted infliXImab Treatment (TAXlItrial, which was performed in order
to investigate the value of individualised treatinanth IFX based on therapeutic drug
monitoring. Furthermore, Vande Casteele et al. aledk that IFX-dosing based on
therapeutic drug monitoring was associated withefeflares during the course of treatment,
in comparison with clinically based drug-dosing][97
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In conclusion, in our prospective observationatlgtwe found significant association
between serum TNE-level and the presence of ATI; and also betweerh @oBitivity and
low trough levels of IFX. However, antibody pogity and lower serum IFX levels did not
correlate with loss of response, side-effects aggersensitivity. Previous use of IFX
correlated with the development of ATI. When presostudies determined only ATI
positivity or negativity, detectable IFX serum centration suggested many fals-negative
results. This factor was decreased by the quaatidin of ATI titers in our study. On the basis
of the present work, we suggest that further propge studies are needed to determine
whether the simultaneous measurement of serum d'NEvel, serum anti TNfe-
concentration and antibodies against anti TiNFray help to optimize the therapy in the

critical situations.

Patients on immunosuppression or biological ther@eysupposed to be at increased
risk of influenza, since immunotherapy is knowrptedominantly impair cellular immunity,
leaving the humoral immune response more or lesxctif98]. Thus, annual influenza
vaccination is recommended for all patients witlDIBn immunomodulators. In the second
part of our study, we examined whether influenzaciration has an effect on the cell-
mediated immune response by measuring the prepastddmmunisation levels of INf-IL-

2 and TNFe. Interestingly, only the level of IL-2 decreasagn#icantly after vaccination.
The study by Holvast et ahssessed cell-mediated responses to influenzanaicei in
patients with SLE. They found that the frequencie€D4+ T cells producing TNF and IL-2
were lower in patients after vaccination comparatth Wealthy control subjects. They also
found that this diminished cell-mediated responsg meflect the effects of concomitant use
of immunosuppressive drugs [99]. The study of Lehg@l. also found a diminished humoral
and cell-mediated immune response to monovaler2 paddemic influenza A (H1N1/2009)
and seasonal trivalent influenza vaccines in stbj@ith SLE but not with sickle cell disease
or asthma, presumably due to the different immumgmomised status of these children
[100]. Our results suggest that IBD patients on imosuppressive therapy are recommended
to be immunised against influenza, but larger andendetailed studies are needed to examine
the cell-mediated response and to determine theaejf of influenza vaccination in

immunocompromised IBD-patients.
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