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Abstract
AIM: To evaluated the therapeutic and prophylactic 
effect of thal idomide on 2, 4, 6-tr initrobenzene 
sulfonic acid (TNBS)-induced colitis. Thalidomide has 
been reported to downregulate the expression of 
tumor necrosis factor α (TNF-α), IL-12, and vascular 
endothelial growth factor (VEGF), hallmarks of intestinal 
inflammation in Crohn’s disease (CD). 

METHODS: Male Wistar rats were divided in five 
groups of ten animals each. Four groups received a 
rectal infusion of TNBS in ethanol. The first group was 
sacrificed 7 d after colitis induction. The second and third 
groups received either thalidomide or placebo by gavage 
and were sacrificed at 14 d. The fourth group received 
thalidomide 6 h before TNBS administration, and was 
sacrificed 7 d after induction. The fifth group acted as the 
control group and colitis was not induced. Histological 
inflammatory scores of the colon were performed and 
lamina propria CD4+ T cells, macrophages, and VEGF+ 
cells were detected by immunohistochemistry. TNF-α 
and IL-12 were quantified in the supernatant of organ 
cultures by ELISA.

RESULTS: Significant reduction in the inflammatory 
score and in the percentage of VEGF+ cells was observed 
in the group treated with thalidomide compared with 

animals not treated with thalidomide. Both TNF-α 
and IL-12 levels were significantly reduced among 
TNBS induced colitis animals treated with thalidomide 
compared with animals that did not receive thalidomide. 
TNF-α levels were also significantly reduced among the 
animals receiving thalidomide prophylaxis compared with 
untreated animals with TNBS-induced colitis. Intestinal 
levels of TNF-α and IL-12 were significantly correlated 
with the inflammatory score and the number of VEGF+ 
cells. 

CONCLUSION: Thalidomide significantly attenuates 
TNBS-induced col it is by inhibit ing the intest inal 
production of TNF-α, IL-12, and VEGF. This effect may 
support the use of thalidomide as an alternate approach 
in selected patients with CD.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The etiopathogenesis of  both forms of  inflammatory 
bowel disease (IBD), Crohn’s disease (CD) and ulcerative 
colitis (UC) is complex and multifactorial, involving ge-
netic predisposition, environmental triggers, microbial and 
immune factors. The chronic inflammatory process in IBD 
is thought to be the result of  an imbalance between an ex-
cess of  proinflammatory cytokines, such as TNF-α, IL-12, 
IL1-α, IL-8, and IFN-γ, and a relative deficiency of  immu-
noregulatory cytokines, such as IL-1Ra, IL-4, IL-10, IL-13 
and transforming growth factor-b[1,2]. In CD, it is well es-
tablished that the intestinal inflammation is characterized 
by T helper cell type 1 (Th1) phenotype[3,4] whereas in UC, 
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an atypical Th2 seems to constitute the predominant re-
sponse[5].

TNF-α appears to play a central role in the inflam-
matory process of  CD. Levels of  TNF-α were found to 
be increased in the circulation[6] as well as in the stool[7] 
of  patients with active CD. Moreover, the serum level of  
TNF-α has been proposed as an indicator for the risk of  
relapse after remission of  active CD[8]. Additional support 
for the role of  TNF-α in CD emerges from the beneficial 
effects observed with the use of  antibodies against TNF-α 
in clinical studies[9,10].  It has been demonstrated that IL-12 
is expressed and released by lamina propria mononuclear 
cells from patients with active CD[11]. In an animal model 
of  colitis, treatment with anti-IL-12 was shown to prevent 
inflammation suggesting a possible role for IL-12 in the 
pathogenesis of  colitis[12]. 

In addition to the accumulation of  inflammatory cells, 
ulceration, and regeneration, the inflammatory process 
of  IBD is also characterized by neovascularization of  the 
intestinal mucosa. Elevated circulating levels of  vascular 
endothelial growth factor (VEGF) have been shown in 
patients with IBD[13,14]. Increased spontaneous production 
of  VEGF was also found in the inflamed mucosa of  IBD 
patients[15]. In a recent clinical study, a reduction of  serum 
VEGF levels was observed in CD patients who responded 
to anti-TNF-α treatment[16].

Novel therapies using antibody against TNF-α are still 
expensive and some patients do not respond. Thalidomide, 
another anti-TNF-α agent, has been effectively used in 
the treatment of  diseases believed to be mediated by pro-
inflammatory cytokines, such as rheumatoid arthritis[17], 
chronic graft-versus-host disease[18], and chronic cutaneous 
lupus erythematosus[19]. Although the mechanisms of  the 
immune-modulating action of  thalidomide are not com-
pletely understood, results from in vitro studies indicated 
that thalidomide is capable of  inhibiting both bacterial li-
popolysacharide–stimulated IL-12 and TNF-α production 
by monocytes[20,21].

Preliminary data from open label trials suggest that 
thalidomide may have a role in the treatment of  refractory 
CD[22,23]. However, selective inhibition of  TNF-α using 
oxpentifyline may not be effective in CD[24]. Therefore, it is 
relevant to study the mechanism by which thalidomide ex-
erts its therapeutic effect on intestinal inflammation. In the 
present study, we investigated both the therapeutic and the 
prophylactic effect of  thalidomide on histologic inflamma-
tion, distribution of  immune competent cells and VEGF-
producing cells in the intestinal lamina propria, and the 
production of  TNF-α and IL-12 in TNBS-induced colitis.

MATERIALS AND METHODS
Animals
Male Wistar rats (each weighing between 250 and 300 
g) obtained from a local supplier, were maintained on a 
12-h/12-h light/dark cycle in a temperature-controlled 
room (24℃). Animals were housed in rack-mounted, wire 
cages with 3 animals per cage. Standard laboratory pelleted 
formula and tap water were provided ad libitum. The care 
and use of  animals, as well as all procedures reported in 

this study were approved by the institutional animal care 
committee of  the Federal University of  Rio de Janeiro and 
are in accordance with the guidelines of  the Institutional 
Care and Use Committee of  the National Institutes of  
Health, and the Guide for the Care and Use of  Laboratory 
Animals[25]. 

Induction of colitis
On day (d) 0, rats were lightly anesthetized with ether, and 
colitis was induced by intracolonic instillation of  0.8ml 
of  a solution containing 20mg of  2,4,6-TNBS (Sigma 
Chemical Co., St. Louis, MO) in 17.5% ethanol (Merck, 
Darmstadt, Germany) using a rubber cannula (8 cm long) 
inserted through the rectum. Thereafter, animals were al-
lowed access to standard chow and water ad libitum. Clini-
cal manifestations such as diarrhea, bleeding and weight 
loss were observed during this period.

Experimental design
After an initial acclimation period of  1 wk, animals were 
assigned randomly to one of  five groups of  ten animals 
each, and followed during 1 wk. The colitis group was 
submitted to colitis-induction but did not receive any treat-
ment and animals were sacrificed on experimental d 8. The 
therapeutic-thalidomide group was submitted to colitis-in-
duction followed by treatment with thalidomide by gavage 
(200 mg/kg per day) during 7 d, whereas the placebo-treat-
ed group received just the solvent used for thalidomide 
administration (olive oil). The two groups were sacrificed 
on experimental d 15. The prophylactic-thalidomide group 
received a single dose of  thalidomide by gavage (200 mg/
kg per day) 6 h before colitis-induction, and animals were 
killed on experimental d 8. Normal rats not submitted to 
any intervention constituted the control group, being sacri-
ficed after the acclimation period. 

For the surgical procedure, animals were anesthetized 
by ether inhalation and submitted to a mid-laparotomy 
under sterile technique. The distal colon was removed, 
opened longitudinally and rinsed with sterile saline. The 
colon was immediately examined and any visible dam-
age was scored. After scoring, three tissue samples were 
excised from the colon for histological assessment, immu-
nohistochemical analysis and organ culture. A quick death 
procedure by cervical dislocation was uniformly performed 
in all animals. 

Macroscopic assessment of the colon
Colon injury was evaluated and scored by two independent 
observers according to the following macroscopic parame-
ters: adhesion, strictures, ulcer and thickness of  colon wall. 
For adhesions grading was considered: 0, absent; 1, light; 
2, multiple; for strictures 0, absent; 1, light; 3 accentuated 
with proximal dilatation. For ulcer grading the scoring 
was 0, absent; 1, linear ulcer < 1 cm; 2, two linear ulcers 
< 1 cm; 3, numerous ulcers > 1 cm; and for thickness of  
the colon wall, 0, < 1 mm; 1, 1 to 3 mm; 2, > 3 mm; total 
score ranging from 0 to 10[26].

Histological inflammatory scores of the colon
Specimens were fixed in 40 g/L formadehyde saline, em-



bedded in paraffin, cut into 5 μm sections, stained with 
hematoxylin-eosin stain, and examined microscopically by 
two independent observers. The following histologic pa-
rameters were studied: ulceration, hyperplasia and inflam-
matory infiltrate. For both inflammatory infiltrate and hy-
perplasia, grading was considered: 3, severe; 2, moderate; 
1, mild; 0, absent. For ulcers, grading was: 4, diffuse glan-
dular disruption or extensive deep ulceration; 3, glandular 
disruption or focal deep ulceration; 2, diffuse superficial 
ulceration; 1, focal superficial ulceration; and 0, absent[27].

Immunohistochemical analyses
Tissue samples were immediately embedded in Tissue-
Tek O.C.T. compound (Miles Scientific Laboratories Ltd, 
Naperville, IL) and snap frozen in isopentane in a liquid 
nitrogen bath. Samples were then stored at -80℃ until 
processing, and cut into 6 μm section in a cryostat main-
tained at -20℃. Tissue sections were air-dried and fixed 
for 10 min in a 1:1 solution of  chloroform-acetone. Im-
munologic assessment of  the intestinal mucosa was made 
using indirect immunoperoxidase technique using the fol-
lowing antibodies: mouse monoclonal anti-rat CD68, to 
macrophages, mouse monoclonal anti-rat CD4, to CD4+ 
T cells (Serotec Ltd., Oxford, UK), and rabbit polyclonal 
anti-rat VEGF (Santa Cruz Biotechnology, Inc., CA). 
Briefly, tissue sections were incubated at room temperature 
with normal horse serum for 30 min and then with 50 µL 
of  each monoclonal antibody for 1 h. One section from 
each animal was incubated with phosphate-buffered saline 
(PBS) alone or 50 µL of  mouse IgG1 (Dakopatts A/S) 
and served as a negative control. After rinsing in PBS for 
10 min, all sections were incubated for 45 min with 50 µL 
of  either a goat anti-mouse or a goat anti-rabbit peroxidase 
conjugate IgG (Zymed Laboratories In.). Additional rins-
ing was followed by development with a solution contain-
ing hydrogen peroxide and diaminobenzidine, dehydrated 
and mounted in histological mounting medium. Sections 
were examined by two independent observers using light 
microscopy at 400X magnification. Lamina propria cells 
exhibiting identifiable reactivity on their surface distinct 
from background were regarded as positive. All cells within 
the lamina propria were assessed by a quantitative grading 
system in at least five distinct high power fields. The results 
were expressed as positive cells (immunoreactive) numbers 
per mm2 lamina propria.

Organ culture and cytokine measurements
Colonic mucosal explants were cultured for 24 h at 37℃ 
with 95% CO2 by the established procedure. All culture 
media consisted of  RPMI 1640 medium and 10% fetal 
calf  serum (Life Technologies, Great Island, USA) with 
penicillin (100 KU/L) and streptomycin (100 mg/L). 
After culture for 24 h, the organ culture medium was col-
lected and used for TNFα and IL-12 assays. Samples were 
centrifuged and the supernatants used for measurement 
of  the concentration of  TNFα by a comercial sensitive 
enzyme-linked immunosorbent assay (ELISA) method for 
rat TNFα (R&D System, Mineapolis, MN). In our data, bi-
opsy specimens’ wet weight was shown to correlate closely 
with protein content of  tissue homogenates. The mini-

mum detectable concentration of  rat TNFα. was typically 
less than 5.0 ng/L. 

IL-12 was measured in supernatants samples using an 
ELISA assay (BIOSOURCE, Camarillo, CA). Accord-
ing to the manufacturer directions, the minimum detect-
able IL-12 concentration was 3.0 ng/L. All samples were 
analyzed in duplicate. Cytokine concentrations in organ 
culture supernatants were expressed as pg/µg protein. The 
total protein content of  the biopsy specimens was esti-
mated by the Lowry’s method.

Statistical analysis
Statistical analyses were performed using the statistical 
software SPSS for Windows (Version 10.0.1, SPSS Inc., 
1989-1999, USA). Statistical differences among the experi-
mental groups were evaluated with the one-way ANOVA 
test in which pairwise multiple comparisons were carried 
out using the Dunnett’s T3 test. Correlations between 
inflammatory scores, the densities of  positive cells mea-
sured by immunohistochemistry, and cytokines levels were 
assessed using the Spearman rank correlation coefficient. 
Values are expressed as medians (1st quartile, 3rd quartile). 
The level of  significance was set at P < 0.05.

RESULTS
Assessment of macroscopic and microscopic changes in 
the colon
TNBS-induced colitis manifested predominantly as patchy 
inflammatory lesions in the distal colon that gradually wors-
ened throughout d 1-7. Involved areas of  the colon demon-
strated mucosal edema, ulceration, and evidence of  trans-
mural inflammation. Animals treated with either therapeutic 
or prophylactic thalidomide showed less inflammation com-
pared to placebo-treated animals (data not shown). 

Significantly higher microscopic inflammatory scores 
were found in the intestinal mucosa of  all animals submit-
ted to colitis-induction compared to the normal mucosa 
of  controls. Scores in the thalidomide-treated group were 
significantly lower compared to those of  the colitis group 
(Figures 1 and 2). Among histological parameters analyzed 
ulceration was the most affected by thalidomide treatment.

Number of CD4+ T-cells and macrophages in the colonic 
lamina propria.
The numbers of  lamina propria CD4+ T-cells were not 
significantly different among the study groups. The num-
ber of  macrophages was significantly higher in colitis, 
placebo-treated, and also in the prophylactic-thalidomide 
group compared with that of  the control group. In the 
therapeutic-thalidomide group the number of  macro-
phages was similar to that of  normal controls (Figures 3 
and 4). A significant correlation was detected between the 
number of  macrophages in the colon and the histological 
inflammatory scores (r = 0.56, P < 0.001). 
Number of  VEGF+ cells in the colonic lamina propria

The number of  lamina propria VEGF+ cells was sig-
nificantly higher in colitis, placebo-treated, and also in the 
prophylactic-thalidomide group compared to the control 
group. However, therapeutic-thalidomide significantly re-
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Figure 2  Histological inflammatory scores of the colon. Total score of histological 
parameters analyzed in all groups: untreated colitis, therapeutic- and prophylactic-
thalidomide, placebo-treated, and normal controls, respectively (n = 10 in each 
group). Horizontal bars represent medians, boxes represent the 25th and 75th 
percentiles, and vertical bars represent ranges. Differences were analysed using 
one-way ANOVA with the Dunnett’s test for multiple comparisons. Significant dif-
ferences are presented.
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duced the number of  VEGF+ cells in TNBS-induced coli-
tis compared to colitis group and placebo-treated (Figures 
5 and 6). A significant correlation was detected between 
the number of  VEGF+ cells in the colon and the histo-
logical inflammatory scores (r = 0.63, P < 0.001). 

Cytokine production by colonic mucosa
Significantly higher levels of  TNF-α were found in the 
supernatants from colitis, placebo-treated and therapeutic-
thalidomide, compared to normal controls. However, 
levels were significantly lower in both therapeutic- and 
prophylactic-thalidomide groups compared with those ob-
tained from colitis and placebo-treated groups (Figure 7). 
A significant correlation was found between the levels of  
TNF-α, and the histological inflammatory scores (r = 0.60, 
P < 0.001).

Significantly higher levels of  IL-12 were detected in the 
supernatants from colitis and placebo-treated colitis compared 
to controls. Placebo-treated group also showed significantly 
increased levels compared with those of  the therapeutic-
thalidomide group (Figure 8). A significant correlation was 
found between the levels of  IL-12 and both the histological 
inflammatory scores (r = 0.50, P < 0.001), and the number of  
lamina propria VEGF+ cells (r = 0.62, P = 0.001). 

Figure 1  HE staining of tissue ob-
tained from the left colon of animals: 
untreated colitis (A), therapeutic-
thalidomide (B), respectively. Sample 
from untreated colitis group shows 
gross ulceration and intense cellular 
infiltration, congestion and edema, 
while thalidomide-treated animal 
presents less inflammation and no 
ulceration (Original magnification × 
100). 

BA



DISCUSSION
In the present study we evaluated both the therapeutic 
and prophylactic effect of  thalidomide on TNBS-induced 
colitis. Experimental colitis showed a gradual worsen-
ing during the first week after TNBS administration. The 
pathologic process consisted basically of  patchy inflamma-
tory lesions and evidence of  transmural inflammation in 
the distal colon, similar to lesions that can be seen in hu-
man Crohn’s disease (CD). A significant reduction in the 
inflammatory score was observed in the group treated with 
thalidomide compared with TNBS-induced colitis animals 
not receiving thalidomide. In particular, we demonstrated 
that thalidomide treatment reduces the percentages of  
VEGF+ cells in the colonic lamina propria, and the local 
production of  TNF-α and IL-12. 

Animal models have been extremely helpful not only 
to study mechanisms of  inflammation underlying IBD but 
also providing information on which cytokines could be 
potential targets for therapeutic blockade. TNBS-induced 
colitis is one of  the most common models of  experi-

Figure 6  Quantitative analysis of VEGF+ cells in the colonic mucosa of the 
groups: untreated colitis, therapeutic- and prophylactic-thalidomide, placebo-
treated, and normal controls, respectively (n = 10 in each group). Horizontal bars 
represent medians, boxes represent the 25th and 75th percentiles, and vertical bars 
represent ranges. Differences were analysed using one-way ANOVA with the Dun-
nett’s test for multiple comparisons. Significant differences are presented.
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Figure 7  TNF-α production by the colonic mucosa. Levels of TNF-α are meas-
ured in supernatants of organ cultures and presented as pg/µg of tissue protein, in 
the groups: untreated colitis, therapeutic- and prophylactic-thalidomide, placebo-
treated, and normal controls, respectively (n = 10 in each group). Horizontal bars 
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P = 0.043

P = 0.021

IL
-1

2 
pg

/ µ
g 

pt
n

P = 0.048

100

80

 60

 40

 20

  0
Colitis Prophylactic 

thalidomideTherapeutic 
thalidomide

Placebo Control

P = 0.02
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Figure 5  Quantitative analysis of CD4+ T-cells and macrophages in the colonic lamina propria of animals with untreated colitis, animals receiving therapeutic or prophylac-
tic thalidomide, placebo-treated, and normal controls, respectively (n = 10 in each group). Horizontal bars represent medians, boxes represent the 25th and 75th percentiles, 
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mental colitis in which the colonic mucosa is exposed to 
the contact-sensitizing agent, TNBS, a covalently reac-
tive compound that attaches to autologous proteins and 
stimulates a delayed-type hypersensitivity response to the 
hapten-modified self  antigens. This TNBS-induced animal 
model of  chronic intestinal inflammation exhibits a Th1-
like inflammatory response and displays several features 
consistent with those observed in human CD[28]. 

In the most common animal models of  colitis, the 
cytokines predominantly involved in mucosal inflamma-
tion are TNF-α, IL-12, and IFN-γ, and their neutraliza-
tion with specific antibodies were shown to ameliorate the 
inflammatory process[29,30]. Interestingly, treatment with the 
anti-TNF-α antibody infliximab has been demonstrated 
to be very effective in active CD, whereas etanercept, a 
fusion protein containing the TNF receptor p75 did not 
show good results[31]. Although both have high affinity 
for TNF-α, it seems that etanercept has less specificity 
and avidity and, moreover, it does not induce lymphocyte 
apoptosis[32]. In fact, induction of  T-cell apoptosis has 
been associated with clinical remission in CD[33,34]. Hence, 
it appears that the beneficial effect of  infliximab in CD 
could be, at least in part, related to the elimination of  in-
flammatory cells in the intestinal mucosa. In this study, 
although colitic animals showed elevated percentages of  
macrophages in the intestinal lamina propria, it appeared 
that their numbers were not significantly affected by thalid-
omide. Moreover, no significant difference was found be-
tween groups concerning the percentage of  CD4+ T-cells. 
Therefore, colitis attenuation observed after thalidomide 
cannot be attributed to a change in the number of  inflam-
matory cells in the colon. Consequently, it seems unlikely 
that apoptosis would constitute a primary mechanism of  
action of  thalidomide in TNBS-induced colitis.

In vitro studies demonstrated that thalidomide is capable 
of  inhibiting TNF-α production by human monocytes in 
culture, without affecting levels of  interleukin 1 beta, inter-
leukin 6, and granulocyte/macrophage colony-stimulating 
factor[35]. The mechanism of  TNF-α inhibition by thalido-
mide is thought to be associated with the enhanced degra-
dation of  the TNF-α messenger RNA[36]. Thus, the selec-
tive blockade of  TNF-α production makes thalidomide an 
interesting candidate for the treatment of  inflammatory 
diseases in which TNF-α plays an important role such as 
CD. In fact, clinical efficacy of  thalidomide on refractory 
CD has been reported in recent open label trials[22,23]. In 
this study, TNF-α levels in the colonic mucosa were sig-
nificantly reduced among both therapeutically and prophy-
lactically treated animals, and correlated with inflammatory 
scores. In keeping with our results, an other experimental 
study also demonstrated amelioration of  colitis in associa-
tion with the reduction of  TNF-α tissue levels[37].

Nevertheless, exclusive inhibition of  TNF-α may not 
be sufficient to explain the beneficial effect of  thalidomide 
in IBD and experimental colitis. For example, oxpentifyl-
line is capable of  inhibiting the secretion of  TNF-α by 
peripheral blood mononuclear cells and intestinal mucosa 
cultures from IBD patients[38]. However, in an open label 
study using oxpentifylline the resulting suppression of  
TNF-α in patients with corticosteroid-dependent CD did 
not improve clinical disease activity[24]. In our study, the 

finding that prophylactic abrogation of  TNF-α did not 
prevent inflammation supports the idea that other cyto-
kines or inflammatory pathways might be involved in the 
development of  TNBS-induced colitis, and that additional 
effects beyond TNF-α inhibition are necessary to explain 
the efficacy of  therapeutic thalidomide.

In addition to TNF-α neutralization, some preliminary 
clinical data also suggest there are beneficial effects of  
blockade of  different cytokines including IL-12, IL-6, and 
IFN-γ[39,40]. IL-12 has a critical role in the development of  
cellular immune responses that operate largely by stimulat-
ing the production of  IFN-γ, and it has been shown to be 
secreted by intestinal lamina propria mononuclear cells of  
CD patients[11]. In addition to the increased production of  
IL-12, the IL-12 receptor β2 subunit was found to be up-
regulated at inflammatory sites in CD intestine, further 
supporting the importance of  a signalling pathway used by 
IL-12 to induce the aberrant mucosal Th1 activation seen 
in CD[41]. The prevention of  experimental colitis obtained 
following the administration of  an antibody targeting 
IL-12 also contributes to the notion of  the involvement of  
IL-12 in the development of  intestinal inflammation[12]. In 
an open label trial in refractory CD, clinical efficacy of  tha-
lidomide was associated with a strong effect on both the 
TNF-α and IL-12 production by lamina propria mono-
nuclear cells and peripheral blood monocytes[42]. Intestinal 
levels of  both TNF-α and IL-12 in our study were sig-
nificantly correlated with the inflammatory scores of  the 
colon and decreased after thalidomide treatment. Hence, 
the suppression of  IL-12 production by thalidomide seems 
to constitute an alternative mechanism by which the drug 
exerts its therapeutic activities, independent of, or syner-
gistic with its anti-TNF-α effect. The combined inhibition 
of  IL-12 and TNF-α by thalidomide may also explain the 
absence of  response in studies using oxpentifylline.

Increased vascular density and angiogenic activity have 
been reported in different inflammatory diseases[43]. In 
IBD, an increased vessel density detected with Doppler 
ultrasonography has been reported during active CD[44]. 
Vascular endothelial cell growth factor (VEGF) is a potent 
angiogenic cytokine capable of  increasing the prolifera-
tion, permeability and cell motility of  endothelial cells[45]. 
Increased serum and tissue levels of  VEGF have been 
shown in patients with active IBD[46,47]. In addition, VEGF 
was recently found to induce the expression of  adhesion 
molecules such as intercellular adhesion molecule-1[47], and 
also to increase the adhesion of  immune cells to the co-
lonic endothelium[48]. On the other hand, thalidomide and 
its analogue supidimide, significantly attenuated TNBS-
induced colitis, impairing adhesion of  leukocytes to vascu-
lar endothelial cells and reducing the vascular cell adhesion 
molecule-1 mRNA expression[26]. Therefore, it is likely that 
VEGF may play a role as intermediary molecule acting in 
the interface between angiogenic and chronic inflamma-
tion in IBD. Consistent with this hypothesis, our results 
demonstrate that the percentage of  colonic VEGF+ cells 
positively correlated to the inflammatory scores, and re-
duced significantly in response to therapeutic thalidomide. 

In conclusion, our data suggest that thalidomide sig-
nificantly attenuates TNBS-induced colitis by mechanisms 
including the inhibition of  the intestinal production of  
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TNF-α, IL-12, and VEGF. The thalidomide immunoregu-
latory mechanism acts on the cytokine imbalance present 
in inflammatory bowel disease mucosa. Although cur-
rently less effective than other novel therapies such as anti-
TNF-α, thalidomide and its analogues with enhanced ac-
tivity and hopefully less side effects, and the development 
of  new methods for drug delivery in the gut, may possibly 
support the use of  thalidomide as an alternate approach 
for selected patients with CD.

 COMMENTS
Background
Thalidomide has been reported to downregulate the expression of tumor necrosis 
factor α (TNF-α), IL-12, and vascular endothelial growth factor (VEGF), a hallmark 
of intestinal inflammation in Crohn’s disease (CD). The aim of this study was 
evaluated the therapeutic and prophylactic effect of thalidomide on TNBS-induced 
colitis. 

Research frontiers
Inflammatory bowel disease, etiopathogenesis of chronic mucosa inflammation, 
experimental colitis, cytokines.

Innovations and breakthroughs
We studied the thalidomide effect on the experimental colitis induced with 2, 4, 
6-trinitrobenzene sulfonic acid (TNBS). Thalidomide significantly attenuates TNBS-
induced colitis by mechanisms including the inhibition of the intestinal production 
of TNF-α, IL-12, and VEGF. Other studies observed the thalidomide effects on 
the TNF-α action. In this paper we add the effect of thalidomide in the IL-12 and 
VEGF mucosal levels. This immunoregulatory mechanism acts in the cytokine 
imbalance present in inflammatory bowel disease mucosa.

Applications
Although currently less effective than other novel therapies such as anti-TNF-α, 
thalidomide and its analogues with enhanced activity and hopefully less side 
effects, and the development of new methods for drug delivery in the gut, may 
possibly support the use of thalidomide as an alternate approach for selected 
patients with CD.

Peer review
This study supports the anti-inflammatory role of thalidomide by inhibiting the 
intestinal production of TNF-α, IL-12, and VEGF.
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