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 INTRODUCTION 
 Inflammatory bowel disease (IBD) is a family of chronic 

disorders that cause inflammation of the digestive tract. 1  

Tumor necrosis factor- �  (TNF) is believed to be responsible 

for many of the clinical symptoms in IBD. 2,3  With a preva-

lence of 2 / 1,000, IBD is becoming a significant problem in 

the Western world. 

 Systemic treatment of IBD patients with anti-TNF antibod-

ies has become an established therapy for Crohn ’ s disease and 

ulcerative colitis. Intravenous infusion of Infliximab (Remicade, 

Centocor Inc., Malvern, PA), a monoclonal chimeric anti-TNF 

antibody, was the first and currently best studied Food and Drug 

Administration-approved anti-TNF therapy for Crohn ’ s disease 

and ulcerative colitis. 4 – 7  Although repeated intravenous admin-

istration of Infliximab can be very efficacious, 5,6  treatment is 

costly, has poor compliance, and can be associated with serious 

adverse events. 8 – 16  As many of these unwanted effects are linked 

to systemic application, they might be resolved by local delivery 

at the site of inflammation. 

 Previously, we described a system (TopAct) for the oral deliv-

ery of biopharmaceuticals to the intestine, based on local syn-

thesis and delivery of therapeutic proteins by viable genetically 

modified  Lactococcus lactis  strains (ActoBiotics) in the gut, in 

preclinical experiments as well as a clinical trial. 17 – 21  

 Coppieters  et al.  22  developed formatted anti-TNF single-

domain antibody fragments (Nanobodies), 23,24  derived from 

heavy-chain camelid antibodies, as therapeutic agent in murine 

rheumatoid arthritis. These molecules can be cloned and pro-

duced easily as recombinant proteins in bacteria and yeast 24,25  

and are able to overcome various issues often encountered with 

classical antibodies. 26,27  Furthermore, Nanobodies constitute 

modular building blocks suitable to generate bispecific and biva-

lent antibody constructs. 26    

 RESULTS  
  In vitro  synthesis of MT1 and MT1 – MT1 by  L. lactis  
 Synthesis of MT1 and MT1 – MT1 Nanobodies by  L. lactis  was 

evaluated by Western blot ( Figure 1a ) and enzyme-linked 
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immunosorbent assay (ELISA,  Figure 1b ). After 24   h of growth, 

MT1 and MT1 – MT1 were found in the culture supernatant at 

concentrations of 1080 ± 135   ng   ml     −    1  and 1264 ± 144   ng   ml     −    1 , 

respectively. Constitutive Nanobody secretion did not alter 

 L. lactis  growth rate.   

  In vivo  synthesis of MT1 and MT1 – MT1 by  L. lactis  
 Ten serial inoculations, containing vehicle or 2 × 10 9    CFU 

LL-pTREX1, LL-MT1, or LL-MT1-MT1, were administered to 

mice with dextran sulfate sodium (DSS)-induced colitis at inter-

vals of 30   min. One hour after the last inoculation, mice were 

analyzed. Colony-forming units (CFU) values of the various  L. lactis  

strains in the entire colon averaged 5 × 10 8  ( Table 1 ). The Nanobody 

quantification protocol detected 6.5 ± 0.7   ng MT1 and 9.7 ± 1.4   ng 

MT1 – MT1 per colon ( Table 1 ) whereas no Nanobodies could 

be retrieved from systemic circulation. Furthermore, immuno-

histochemical detection of Nanobodies in the distal part of the 

colon of DSS-induced colitic mice clearly showed that anti-TNF 

Nanobodies were present in the mucosa of mice treated with LL –

 MT1 and LL – MT1 – MT1. The Nanobodies were also observed to 

be associated with the surface of lamina propria cells, especially in 

eroded zones with a dominant inflammatory infiltrate ( Figure 1d 
and e ). Nanobodies could not be detected in controls ( Figure 1c ). 

This indicated that  L. lactis  strains LL – MT1 and LL – MT1 – MT1 

actively produced MT1 and MT1 – MT1, respectively,  in vivo  and 

delivered them efficiently to the colonic mucosa.   

  L. lactis -secreted Nanobody MT1 – MT1 is bioactive and inhibits 
the actions of both soluble TNF and transmembrane TNF 
 Both  E. coli -produced, purified Nanobodies, as well as MT1 and 

MT1 – MT1 Nanobodies secreted by  L. lactis  were able to neu-

tralize soluble TNF ( Figure 2a ). 

 The ability of MT1 and MT1 – MT1 to counteract the cytotoxic 

effects of transmembrane (tm)TNF was subsequently investi-

gated. The effect of MT1 was less pronounced, both with the 

 E. coli  produced, purified, and the  L. lactis -secreted form, but the 

effect of bivalent Nanobody MT1 – MT1 was clear in both cases 

( Figure 2b ). Given the fact that bivalent MT1 – MT1 neutralized 

tmTNF and had a higher soluble TNF neutralization capacity 

than monovalent MT1, the proceeding experiments focused on 

bivalent MT1 – MT1 Nanobodies.   

 Therapeutic effect of LL – MT1 – MT1 against DSS-induced 
chronic colitis 
 Healthy mice showed an average histological score of 0.9 ± 0.2 in the 

middle colon ( Figure 3a and f ). Vehicle-treated control mice and 

the LL – pTREX1 control group showed a mean histological score of 

5.5 ± 0.4 and 5.4 ± 0.3, in the middle colon, respectively ( Figure 3b,c 
and f ). The mean histological score of LL – MT1 – MT1-treated mice 

(3.6 ± 0.3;  P     <    0.01;  Figure 3d and f ) was at least 30 %  lower than that 

of vehicle-treated and empty vector-treated control groups. The 

efficacy of LL – MT1 – MT1 treatment against chronic DSS-induced 

colitis was comparable with that observed in LL – mIL10-treated 

     Figure 1         In vitro  and  in vivo  production of monovalent and bivalent MT1 and MT1 – MT1 Nanobodies by  L. lactis  (LL – MT1 and LL – MT1 – MT1, 
respectively) .  ( a ) Western blot analysis of proteins secreted  in vitro  by the various strains, revealed by anti-Nanobody rabbit antibody K208. Each 
lane on the blot represents 250    � l of  L. lactis  culture supernatant obtained after different periods of growth (2 × 10 7    CFU at time zero). A 250   ng purified 
monovalent MT1 (    +    ) and bivalent MT1 – MT1 (    +        +    ) were used as positive control. ( b ) Concentrations of secreted heterologous Myc-tagged proteins 
in culture supernatants of LL – pTREX1 ( ◊ ), LL – MT1 ( � ), LL – MT1 – MT1 ( � ) and LL – mIL10 ( � ), as determined by ELISA. LL – pTREX1: vector control; 
LL – mIL10:  L. lactis  strain secreting mIL10. ( c – e ) Representative immunohistochemical images for the detection of anti-TNF Nanobodies in the distal 
colon of mice with DSS-induced colitis, treated with empty expression vector LL – pTREX1 ( c ), LL-MT1 ( d ) or LL-MT1 – MT1 ( e ). CFU, colony-forming 
units; DSS, dextran sulfate sodium; ELISA, enzyme-linked immunosorbent assay; mIL10, murine interleukin 10.  L. lactis ;  Lactococcus lactis   .
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mice, where a mean histological score of 3.5 ± 0.4 was noted ( P     <    0.01 

compared with mock-treated and empty vector-treated control 

groups;  Figure 3e and f ). In conclusion, LL – MT1 – MT1 treatment 

efficiently ameliorated DSS-induced chronic colitis in mice.   

 Therapeutic effect of LL – MT1 – MT1 against established 
chronic enterocolitis in interleukin 10  –  /  –   mice 
 Treatment with LL – MT1 – MT1 caused a significant decrease in 

myeloperoxidase (MPO) levels, a marker for neutrophil infil-

tration, 28  of at least 70 %  compared with vehicle-treated and 

LL – pTREX1-treated mice ( P     <    0.001,  Figure 4e ). Following 

LL – MT1 – MT1 treatment, the mean histological score of the 

distal colon was improved by at least 25 %  compared with the 

appropriate controls ( P     <    0.05,  Figure 4a,b,c and f ). As expected, 

LL – mIL10 treatment did not improve the outcome of established 

enterocolitis in interleukin 10 (IL10)  –  /  –   mice ( Figure 4d and f ). 

 Summarizing, LL – MT1 – MT1 therapy ameliorated the 

pathology not only in chronic DSS-induced colitis, but also in 

established chronic colitis in IL10  –  /  –   mice.   

 Comparison between oral LL – MT1 – MT1, oral MT1 – MT1 and 
systemic MT1 – MT1 – AR1 treatment against established 
chronic enterocolitis in IL10  –  /  –   mice 
 Treatment with LL – MT1 – MT1 resulted in a histological score of 

3.1 ± 0.4 in the middle colon, a significant decrease of 40 %  com-

pared with empty vector-treated controls ( P     <    0.05;  Figure 5 ). 

Oral treatment with MT1 – MT1 or systemic treatment with 

MT1 – MT1 – AR1 resulted in a histological score of 4.4 ± 0.7 and 

5.6 ± 0.5, respectively, showing no therapeutic benefit compared 

with the appropriate controls ( Figure 5 ).   

 Influence of LL – MT1 – MT1 therapy on systemic Salmonella 
infection in colitic IL10  –  /  –   mice 
 The spleen of healthy animals contained no  Salmonella spp . 

All other groups received intravenously a sublethal dose of 

5 × 10 4    CFU  Salmonella spp.  to induce systemic Salmonella 

infection. After 8 days, LL – MT1 – MT1-treated animals had a 

bacterial load of approximately 1 × 10 4    CFU  Salmonella spp . per 

gram spleen, which was equal to the bacterial Salmonella load 

of vehicle- and empty vector-treated mice ( Figure 6 ). Systemic 

treatment with anti-TNF immunoglobulin (Ig)G1 antibodies 

resulted in a fourfold increase of the Salmonella load of the 

spleen (4.3 × 10 4    CFU Salmonella cells per gram spleen,  Figure 6 ) 

compared with controls and the LL – MT1 – MT1-treated group. 

In contrast to systemic anti-TNF treatment, LL – MT1 – MT1 

therapy did not influence systemic infection, showing that the 

effect of  L. Lactis -secreted anti-mTNF Nanobodies was restricted 

to the intestine.    

 DISCUSSION 
 This report describes the creation of a new, effective approach 

for local anti-inflammatory therapy aimed at treating IBD, 

   Table 1      In vivo  detection of administered  L. lactis  bacteria and their secreted products 

      PBS    LL – pTREX1    LL – MT1    LL – MT1 – MT1  

   CFU  0.20 × 10 1   5.24 × 10 8   5.72 × 10 8   4.04 × 10 8  

   MT1 or MT1 – MT1 
(ng per colon)  a   

 0.00 ± 0.00  0.0 ± 0.02  6.54 ± 0.68  9.66 ± 1.38 

   a    Amount of MT1 or MT1 – MT1 Nanobodies in ng per colon ± s.d. CFU, colony forming units;  L. lactis ,  Lactococcus lactis ; PBS, phosphate-buffered saline.   

   Figure 2        Effect of  E. coli -produced, purified and  L. lactis -secreted monovalent and bivalent MT1 and MT1 – MT1 Nanobodies on the cytotoxic actions 
of soluble TNF and tmTNF. ( a ) Soluble TNF (20   U   ml     −    1 ) was neutralized by MT1 and MT1 – MT1 in an 18   h cytotoxicity assay using WEHI 164 clone 
13-cells in the presence of 1    � g   ml     −    1  actinomycin D. ( b )  E. coli- produced, purified and  L. lactis -secreted Nanobody MT1 – MT1 was able to inhibit the 
cytotoxic effects of L929 cells that express uncleavable tmTNF on WEHI 164 clone 13-cells in the presence of 1    � g   ml     −    1  actinomycin D. The gray bars 
represent wells in which purified MT1 or MT1 – MT1 was added (total concentration of 250   ng   ml     −    1 ). The black bars represent wells in which 50    � l of 
filtered (0.22    � m) lactococcal supernatant was added. The final concentration of  L. lactis -secreted MT1 or MT1 – MT1 was 250   ng   ml     −    1  in each setting. 
 E.coli, escherichia coli ;  L. lactis ,  Lactococcus lactis ; tm, transmembrane; TNF, tumor necrosis factor.  
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involving  in situ  secretion of anti-mTNF Nanobodies by orally 

administered  L. lactis  strains. 

 Intragastric administration of Nanobody-secreting  L. lactis  

resulted in local and active delivery of anti-mTNF Nanobodies 

at the mucosa of the colon, without measurable levels in sys-

temic circulation. In addition, the Nanobodies were clearly 

associated with the surface of lamina propria cells, especially 

in the eroded zones of the mucosa with dominant inflamma-

tory infiltrates. 

  L. lactis -secreted Nanobodies neutralized both soluble and 

membrane-bound mTNF  in vitro.  This could have important 

therapeutic implications; Nanobodies might bind to tmTNF 

expressed on the surface of macrophages and T-cells, possibly 

triggering  “ reverse signaling ”  in T-cells and downregulating 

TNF-driven inflammatory processes in the intestine. 29 – 34  

 Administration of Nanobody-secreting  L. lactis  strains proved 

to be highly efficacious in both DSS-induced colitis and estab-

lished enterocolitis in IL10  –  /  –   mice. At least one other study has 

investigated the possibility of oral delivery of anti-TNF antibod-

ies in mice. Very high doses of orally administered polyclonal 

avian (yolk) anti-TNF antibodies improved both the acute and 

chronic phases of induced colitis in rats. 34  Here, comparable 

results for orally delivered, purified MT1 – MT1 Nanobodies 

could not be demonstrated. Likely, these were proteolyzed upon 

digestion. Similar findings were reported by Harmsen  et al. , 35,36  

who subsequently employed DNA shuffling and stringent selec-

tion to establish stable, more resilient Nanobody clones. As this 

was beyond the scope of our study, comparable engineering and 

selection was not pursued. 

 Interestingly, the small quantities of Nanobodies deliv-

ered by  L. lactis  were highly efficacious in reducing signs of 

(entero)colitis. Similar findings were reported before, showing 

that topical delivery of trefoil factors by  L. lactis  was much more 

efficient than rectal administration of a 1200-fold higher dose of 

purified trefoil factors proteins. 18  Similarly, the  L. lactis  bacteria 

engage in intimate contact with the inflamed mucosa, increas-

ing drug availability in close proximity to responsive cells in the 

epithelium and limiting dilution into the luminal fluid. This 

contact is facilitated by structural defects in the mucosal lining 

of the colon, allowing an increase in the number of ActoBiotics 

in the residual mucus layer and as such passage of the cargo 

to the underlying lamina propria. Here, only 2 × 10 9    CFU / dose 

was evaluated; one could speculate that increased dosage would 

boost the therapeutic effect. 

     Figure 3        Analysis of morbidity in chronic DSS-induced colitis. ( a-e ) Representative histology (hematoxylin / eosin staining) of the distal colon from 
healthy control mice ( a ) and mice with chronic DSS-induced colitis either mock-treated ( b ) or treated with LL – pTREX1 ( c ), LL – MT1 – MT1 ( d ) or 
LL – mIL10 ( e ). ( f ) Statistical evaluation of the histological score of the middle colon. Bars represent the mean ± s.e.m. Mice with DSS-induced chronic 
colitis were either Mock-treated or received different  L. lactis  cultures. The Shapiro – Wilk normality test revealed that the groups were not normally 
distributed. Differences between groups were compared with the Mann – Whitney  U -test (Mock — LL – MT1 – MT1,  P     =    0.0013; LL – pTREX1 — LL – MT1 –
 MT1,  P     =    0.0004; Mock — LL – mIL10,  P     =    0.0026; LL – pTREX1 — LL – mIL10,  P    =     0.0035).  *  * Represents a statistically significant difference of  P     <    0.01 
compared with the vehicle-treated and the empty vector-treated control groups, respectively. DSS, dextran sulfate sodium;  L. lactis ,  Lactococcus lactis .  
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 Several reports also describe systemic administration of 

anti-TNF antibodies in mice. Intraperitoneal (i.p.) injection 

of the chimeric anti-mTNF rat / murine IgG2a /  �  antibody 

cV1q in IL10  –  /  –   mice, resulted in a significant improvement 

of colitis. 37,38  These findings were not reproduced for sys-

temic MT1 – MT1 – AR1. However, Nanobody MT1 – MT1 –

 AR1 was designed for a study in murine collagen-induced 

arthritis. 22  Coppieters  et al.  22  engineered MT1-MT1 – AR1 

to also target albumin by non-covalent association, sig-

nificantly prolonging serum half-life (from 47   min to 1.9 

days). 39  A major advantage of this approach was the puta-

tive targeting of albumin to inflamed tissues, accumulating 

in inflamed paws. 22  However, in IBD, albumin is a typical 

negative acute phase reactant showing reduced levels during 

inflammation. 40  This might have hampered correct targeting 

and accumulation of systemically applied MT1 – MT1 – AR1 

Nanobodies at the colon. 

 The experiments reported here have further shown that 

administration of Nanobody-secreting  L. lactis  strains did not 

provoke a systemic immune intervention, in contrast to systemic 

anti-TNF therapy. Overall, the  L. lactis -secreted Nanobodies 

seem to share the efficacy of traditional anti-TNF therapeutics, 

while lacking the systemic adverse events. One could also pre-

sume that oral intake of  L. lactis  strains would provide a higher 

degree of patient comfort compared with the parenteral admin-

istration of traditional anti-TNF drugs. Moreover, an oral cap-

sule formulation, specifically developed for ActoBiotics, controls 

the release of metabolically active  L. lactis  bacteria, in such a 

way that it can target inflammation at the lower part of the small 

intestine as well as in the colon, making it suitable for treatment 

of Crohn ’ s disease and ulcerative colitis. In addition, the TopAct 

platform might obviate the need for expensive large scale puri-

fication of the anti-TNF therapeutics typically associated with 

production in eukaryotic cells. 

 In conclusion, results from this study could lead to a superior 

and more effective management of colitis in humans without 

the adverse effects and patient discomfort of traditional anti-

TNF therapies.   

 METHODS  
 Bacteria 
  L. lactis  strain MG1363 was used throughout this study. Bacteria were cul-
tured in GM17E medium, i.e., Difco M17 broth (BD, Franklin Lakes, NJ) 
supplemented with 0.5 %  glucose (Merck KGaA, Darmstadt, Germany) 
and 5    � g   ml     −    1  erythromycin (Sigma, St. Louis, MO). Stock suspensions 
were stored at     −    20    ° C in 50 %  glycerol (Merck KGaA) in GM17E. For 
intragastric inoculations, stock suspensions were diluted 200-fold in fresh 
GM17E and incubated for 16   h at 30    ° C, reaching a saturation density 
of 2 × 10 9    CFU per ml. Bacteria were harvested by centrifugation and 

    Figure 4        Analysis of morbidity in 20-week-old IL10  –  /  –   mice. ( a-d ) Representative histology (hematoxylin / eosin staining) of the distal colon from 
IL10  –  /  –   mice, which were mock-treated ( a ) or treated with LL – pTREX1 ( b ), LL – MT1 – MT1 ( c ) or LL – mIL10 ( d ). ( e,f ) Statistical evaluation of the MPO 
levels per mm 2  colon tissue ( e ) and histological score of the distal colon ( f ). Bars represent the mean ± s.e.m. The Shapiro – Wilk normality test revealed 
that the groups were not normally distributed. Differences between groups were compared with the Mann – Whitney ’ s  U -test ( e : Mock — LL – MT1 – MT1, 
 P    =     0.0002; LL – pTREX1 — LL – MT1 – MT1,  P    =     0.0002;  f : LL – pTREX1,  P    =     0.0390).  *  And  *  *  * represent statistically significant differences of  P     <    0.05 and 
 P     <    0.001, respectively, compared with the empty vector-treated control group. IL10, Interleukin 10; MPO, myeloperoxidase.  
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 concentrated 10-fold in BM9 medium. 27  Treatment doses consisted of 
100    � l of this suspension.   

 Plasmids 
 DNA sequences encoding monovalent and bivalent anti-mTNF 
Nanobodies were provided by Ablynx N.V. (Zwijnaarde, Belgium). 22  
Details of plasmid construction can be obtained from the authors. 
MG1363 strains transformed with plasmids carrying the MT1 or MT1 –
 MT1 Nanobody coding sequence extended with a HisG and Myc-tag, 
were designated LL – MT1 and LL – MT1 – MT1, respectively. LL – pTREX1, 
an  L. lactis  MG1363 strain containing the empty vector pTREX1, served 
as control. LL – mIL10 was an  L. lactis  MG1363 strain containing plasmid 
pT1mIL10 and constitutively secreted mIL10. 17    

 MT1 and MT1 – MT1 quantification 
 Myc-tagged MT1 and MT1 – MT1 Nanobodies, secreted  in vitro , were 
quantified by direct adsorption of crude  L. lactis  supernatants to a Nunc-
Immuno Maxisorp F96 microtiterplate (Nunc, New York, NY) and sub-
sequent detection with a specific mouse monoclonal antibody against 
the Myc epitope (Sigma). 

 For quantification of MT1 and MT1 – MT1 Nanobodies secreted  in vivo  
in colon tissue, 10 serial inoculations of either 100    � l phosphate-buffered 
saline (PBS) or 100    � l suspensions containing 2 × 10 9    CFU LL – pTREX1, 
LL – MT1 or LL – MT1 – MT1, respectively were administered to female 
BALB / c mice ( n    =     2) with DSS-induced colitis at intervals of 30   min. One 
hour after the last inoculation, blood was sampled and the colon excised. 
A tissue sample was taken form the distal part of the colon for immuno-
histochemistry, the remainder was homogenized in PBS containing 1 %  
bovine serum albumin (BSA, Sigma) and complete protease inhibitor 
(Roche Diagnostics GmbH, Mannheim, Germany) and subsequently 
sonicated. MT1 – MT1 Nanobodies were measured in the colon homoge-
nate using the Nanobody quantification protocol.   

 Nanobody quantification protocol 
 A Nunc-Immuno Maxisorp F96 microtiterplate was coated with 
1    � g   ml     −    1  mTNF (PSF-VIB, Zwijnaarde, Belgium) overnight at 4    ° C. The 
plate was washed and blocked. A standard curve was made with MT1 or 
MT1 – MT1 Nanobodies at a start concentration of 1    � g   ml     −    1 . Dilutions 
were made in PBS containing 1 %  mouse plasma. The Nanobodies were 
allowed to bind for 2   h at room temperature. The plate was washed five 
times and rabbit polyclonal anti-Nanobody antibody K208 was applied 
at 3000-fold dilution for 1   h at room temperature. After washing, bind-
ing was detected with goat polyclonal anti-rabbit horseradish peroxi-
dase (HRP; DAKO, Glostrup, Denmark) at a 3000-fold dilution for 1   h 
at room temperature and stained with tetramethylbenzidine substrate 
(BD). Reaction was stopped by adding 1   M H 2 SO 4  (Merck KGaA). The 
optical density at 450   nm (OD450   nm) was measured, with OD595   nm 
as reference wavelength.   

 Soluble TNF and tmTNF neutralization assay 
 The inhibitory effect of MT1 and MT1 – MT1 Nanobodies on soluble 
mTNF (20   IU   ml     −    1 ) was measured in an 18   h cytotoxicity assay using 
murine fibroblast WEHI 164 clone 13-cells in the presence of 1    � g   ml     −    1  
actinomycin D (Invitrogen, Carlsbad, CA), as described. 41   E. coli -pro-
duced, purified MT1 and MT1 – MT1 were used as reference. 

 The inhibitory effect of MT1 and MT1 – MT1 on the cytotoxic effect of 
tmTNF was determined by a co-culture between the transfected, uncleav-
able tmTNF-expressing L929 effector cells and TNF-responsive target 
cells (WEHI 164 clone 13), as described. 42    

 Animals 
 11-week-old female BALB / c mice were obtained form Charles River 
Laboratories Italy S.r. l. (Calco, Italy). IL10 knockout mice (129Sv / Ev 
IL10  –  /  –  ) were bred under specific pathogen-free (SPF) conditions. The 
IL10  –  /  –   mice were used at 20 weeks of age, at which time enterocolitis 
had fully developed. 43  All mice were housed under SPF conditions and 
fed standard laboratory feed and tap water  ad libitum . All studies were 
approved by the Ethics Committee of the Department for Molecular 
Biomedical Research, Ghent University (File No. 04 / 02 and 04 / 03).   

 Induction of chronic colitis by DSS 
 Chronic colitis was induced in mice weighing approximately 21   g by four 
cycles of administration of 5 %  (weight / volume) DSS (40   kDa, Applichem, 
Darmstadt, Germany) in the drinking water, alternating with 10-day 
periods of recovery. 44    

 Therapeutic effect of LL – MT1 – MT1 against DSS-induced 
chronic colitis 
 Treatment was arbitrarily initiated at day 21 after the last DSS admin-
istration and lasted for 21 days. Healthy mice receiving normal drink-
ing water were used as healthy controls. Four groups of mice received 
intragastric inoculations with either vehicle alone or vehicle containing 
2 × 10 9    CFU of vector control LL – pTREX1, bivalent Nanobody-secreting 
LL – MT1 – MT1 or mIL10-secreting LL – mIL10, respectively ( n    =     10 for 
all groups). 2 × 10 9    CFU represents a technically maximal reliable dose 
for freshly cultured strains. Seven days after the treatment period, mice 
were killed and analyzed. 

 Therapeutic effect of LL – MT1 – MT1 against established chronic 
enterocolitis in IL10  –  /  –   mice. The effect of LL – MT1 – MT1 treatment 

   Figure 5        Comparison between oral LL – MT1 – MT1, oral MT1 – MT1 
and systemic MT1 – MT1 – AR1 treatment against established chronic 
enterocolitis in IL10  –  /  –   mice. Statistical evaluation of the histological score 
of the middle colon of 20-week-old IL10  –  /  –   mice that were treated for 21 
days. Bars represent mean ± s.e.m. The black and hatched bars represent 
groups that received daily administrations of 2 × 10 9    CFU of LL – pTREX1 
or LL – MT1 – MT1, respectively, through an intragastric catheter. The 
white and white-spotted bars represent groups that received daily 
administrations of 100    � l 50   m M  carbonated buffer (mock) or 100    � l 
MT1 – MT1 (50   mg   kg     −    1 ), respectively, through an intragastric catheter. 
The gray bars represent groups that were treated every other day by 
i.p. administration of 100    � l PBS or 100    � l MT1 – MT1 – AR1 (25   mg   kg     −    1 ), 
respectively.  The Shapiro – Wilk ’ s normality test revealed that the groups 
were normally distributed. Groups were compared with one-way ANOVA 
followed by HSD multiple comparisons post test. (mock — LL – MT1 – MT1, 
 P    =     0.012; LL – pTREX1 — LL – MT1 – MT1,  P    =     0.016).  * Represents a 
statistically significant difference of  P     <    0.05 compared with the mock and 
vector control LL – pTREX1-treated groups. ANOVA, one-way analysis of 
variance; CFU, colony forming units; HSD, honestly significant difference; 
IL10, Interleukin 10; i.p., intraperitoneal; MPO, myeloperoxidase; 
PBS, phosphate-buffered saline.  
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on spontaneously developing chronic enterocolitis in IL10  –  /  –   mice was 
evaluated. Twenty-week-old mice were treated for 14 days by daily intra-
gastric inoculation with either vehicle or 2 × 10 9    CFU of LL – pTREX1, 
LL – MT1 – MT1 or LL – mIL10 ( n    =     8 for all groups). All mice were killed 
the day after the final administration.   

 Comparison between oral LL – MT1 – MT1, oral MT1 – MT1 and 
systemic MT1 – MT1 – AR1 treatment against established 
chronic enterocolitis in IL10  –  /  –   mice. 
 To compare the therapeutic efficacy of oral LL – MT1 – MT1 administra-
tion with oral MT1 – MT1 and systemic MT1 – MT1 – AR1 administration 
(systemically applied MT1 – MT1 fused to anti-serum albumin has a more 
acceptable half-life in mice than MT1 – MT1), 22  20-week-old IL10  –  /  –   mice 
were treated for 21 days. Two groups of mice received daily intragastric 
inoculations of 2 × 10 9    CFU vector control LL – pTREX1 or LL – MT1 – MT1, 
respectively ( n     =    10 for both). Two other groups of mice received daily 
intragastric inoculations of 100    � l 50   m m  carbonate buffer (mock;  n     =    9) 
or 100    � l MT1 – MT1 (50   mg   kg     −    1 ;  n     =    10), respectively. Finally, two groups 
of mice were treated every other day by i.p. administration of 100    � l 
PBS ( n     =    8) or 100    � l MT1 – MT1 – AR1 (25   mg   kg     −    1 ;  n     =    8), respectively. 
All mice were killed the day after the last treatment.   

 MPO assay 
 MPO activity in the middle colon was measured as described. 28  Pure 
human MPO was used as standard (Calbiochem – Merck KGaA, 
Darmstadt, Germany). Data are expressed as  � g MPO   mm     −    2  colon 
tissue.   

 Histological analysis 
 For histological analysis, the colon was removed, cleaned, and opened 
longitudinally. A segment of 1   cm was taken from the distal part, embed-
ded in paraffin and sectioned longitudinally. Three sections of 4    � m were 
cut at 200    � m intervals and stained with hematoxylin / eosin. Colon sec-
tions were numbered randomly and interpreted semi-quantitatively in a 
blinded manner. The histological score is the sum of the epithelial dam-
age and lymphoid infiltration, each ranging from 0 to 4 as described. 45    

 Immunohistochemistry 
 Paraffin-embedded colon sections were incubated with polyclonal 
rabbit anti-Nanobody antibody K208 (1 / 2,000). A secondary bioti-
nylated swine anti-rabbit antibody (1 / 400; DAKO) was revealed 
with HRP-conjugated streptavidin (streptAB complex / HRP; DAKO) 
and subsequent reaction with 3-amino-9-ethylcarbazole (AEC) 

substrate-chromogen (DAKO). The sections were stained afterwards 
with hematoxylin.   

 Systemic Salmonella infection in colitic IL10  –  /  –   mice 
 A sublethal dose of 5 × 10 4    CFU  Salmonella enteritica  subsp. enterica sero-
var Thyphimurium (BCCM / LMG strain 3264, Ghent, Belgium) was 
injected intravenously in the caudal vein of IL10  –  /  –   mice to induce sys-
temic Salmonella infection. The infected IL10  –  /  –   mice were treated for 7 
days and received 100    � l daily of either vehicle alone or vehicle containing 
2 × 10 9  LL – pTREX1 or LL – MT1 – MT1, respectively ( n    =     3 in each group) 
through an intragastric catheter. As positive control, 100    � g TN3-19.12 
hamster IgG1 anti-TNF monoclonal antibody (eBioscience Inc., San Diego, 
CA) 46  was given i.p. once every 3 days (on day 1, 4, and 7;  n    =     3) to mimic 
systemic anti-TNF treatment. 46  All mice were euthanized on day 8. 
Bacterial Salmonella count of the spleen was used as a read-out for systemic 
infection of the reticuloendothelial system. Spleen was isolated in an aseptic 
manner, homogenized in PBS, and plated out on Difco Salmonella – Shigella 
(SS) plates (BD), after which colonies were counted.   

 Statistical analysis 
 Normality was evaluated with the Shapiro — Wilk ’ s test. Normally distrib-
uted groups were compared with one-way analysis of variance followed by 
honestly significant difference multiple comparisons post test. Data that 
were not normally distributed were analyzed with the Mann – Whitney 
 U -test (two-tailed).      
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   Figure 6        Influence of LL – MT1 – MT1 therapy on systemic Salmonella infection in colitic IL10  –  /  –   mice. All groups received Salmonella cells, except 
control mice. TN3-19.12 hamster IgG1 anti-TNF monoclonal antibody given i.p. once every 3 days was used as positive control to mimic systemic 
anti-TNF treatment. Ig, immunoglobulin; i.p., intraperitoneal; TNF, tumor necrosis factor.  
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