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Abstract

Background: Despite the high incidence of spondyloarthritis (SpA) as an extra-intestinal manifestation of Crohn’s  
disease (CD), the immunopathogenesis of CD-associated SpA remains largely unknown. 

Objective: We tried to explore molecular mechanisms accounting for the development of CD-associated SpA in a  
patient successfully treated with infliximab.

Methods: Peripheral blood mononuclear cells (PBMCs) before infliximab treatment were stimulated with Toll-like  
receptor (TLR) ligands to measure pro-inflammatory cytokine responses. Endoscopic biopsy samples before and after 
infliximab treatment were subjected to quantitative polymerase chain reaction. 

Results: PBMCs from this CD-associated SpA patient exhibited higher production of pro-inflammatory cytokines upon 
stimulation with TLR ligands than PBMCs from healthy controls. Induction of remission by infliximab was associated 
with the downregulation of pro-inflammatory cytokine responses in the small intestinal mucosa, which is continually 
exposed to TLR ligands. 

Conclusion: Excessive pro-inflammatory cytokine responses to TLR ligands might underlie the immunopathogenesis 
of CD-associated SpA.
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Introduction
Spondyloarthritis (SpA) is among the most common 

extra-intestinal manifestations of Crohn’s disease (CD).1 
Despite the high incidence of CD-associated SpA, its  
immunopathogenesis is poorly understood. A common  
feature of CD and SpA immunopathogenesis is that  
pro-inflammatory cytokine responses, including IL-17, 
IL-23, and TNF-α mediate colitis and arthritis, as shown 
by recent therapeutic advances using biologics.1-3 In CD,  
such pro-inflammatory cytokine responses are triggered by 
intestinal dysbiosis. Thus, T helper type 1 and type 17 cells, 
that produce IFN-γ and IL-17, respectively, accumulate in  
intestinal mucosa displaying dysbiosis.2,4 Interestingly, recent 
studies suggested that arthrogenic immune responses causing 
SpA might also originate from intestinal mucosa displaying 
dysbiosis.3 These data support the concept that the gut-joint 
immune axis creates an immune microenvironment for the 
development of SpA by promoting pro-inflammatory cytokine  
responses. Given such similarities between CD and SpA 
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Report of Case
A 44-year-old woman was admitted to our hospital for 

further examination of high-grade fever (> 38.0°C), watery  
diarrhea, and abdominal pain. She also noticed finger  
stiffness, bilateral knee pain, and neck pain. Blood tests 
showed mild anemia, thrombocytosis (leukocyte count,  
3.41 × 103/μL; red blood cell count, 3.68 × 104/μL; hemoglobin,  
10.6 g/dL; hematocrit 34.1%; platelet count, 43.9 × 104/μL), 
and a marked elevation of C-reactive protein (6.88 mg/dL).  
Serum levels of IgG, IgA, and IgM, as well as the serum  
anti-nuclear antibody titer, were within the normal range.  
Typing of human leukocyte antigen revealed B44 and B48. 

Diffuse wall thickening of the jejunum and ileum was 
seen in abdominal computed tomography performed to  
investigate the cause of diarrhea. Double balloon-assisted  
enteroscopy (DBE) revealed multiple longitudinal ulcers  
and a cobblestone appearance in the jejunum and  
ileum (Figure 1a). Pathological examination of jejunum  
biopsy specimens detected an epithelioid granuloma and  
infiltration of lymphocytes and neutrophils (Figure 1b). 

Figure 1. A patient with Crohn’s disease (CD)-associated spondyloarthritis (SpA) successfully treated with infliximab (IFX) 
treatment. (a) Endoscopic images of a patients with CD-associated SpA. Longitudinal ulcers and a cobblestone appearance are 
seen in the jejunal mucosa of this patient with CD-associated SpA before IFX treatment (left). Absence of active ulcers after 
IFX treatment (right). (b) Pathological findings in the jejunum in a patient with CD-associated SpA. Endoscopic biopsy samples  
obtained from the jejunum before IFX treatment were fixed in 10% formalin followed by hematoxylin and eosin (H&E) staining. 
This revealed epithelioid granuloma and massive infiltration of lymphocytes and neutrophils. Biopsy samples were also subjected 
to immunohistochemical analyses using anti-CD3, anti-CD20, and anti-CD68 antibodies to determine the type of immune cells 
that were present. Scale bar: 250 μm. (c, d) Radiological images in a patient with CD-associated SpA. Cortical bone thickening 
and osteosclerosis is evident in almost all distal and middle phalanges in the first, second, third, and fourth fingers bilaterally  
(c, white arrows). Cortical bone thickening and osteosclerosis were also observed in the proximal phalanges in the right fingers 
(c, white arrows). Syndesmophytes were observed in her C6 and C7 vertebrae in the cervical X-ray (d, yellow arrows).
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Polymerase chain reaction (PCR) tests for detecting  
cytomegalovirus and tuberculosis were negative in the small 
intestinal biopsy specimens. Immunohistochemical analyses 
were performed to determine the type of immune cells that 
accumulated in the jejunal lesions, as described previously.5  
CD3+ T cells and CD20+ B cells accumulated in the  
inflammatory lesions surrounding the epithelioid granuloma,  
whereas CD68+ macrophages accumulated in the epithelioid  
granuloma itself (Figure 1b). These endoscopic and  
pathological findings were fully consistent with the diagnosis 
of CD.

Radiological examinations were performed to investigate 
the cause of finger stiffness, bilateral knee pain, and neck 
pain. The presence of enthesitis of the hand was suspected  
on physical examination. Finger X-rays revealed cortical 
bone thickening and osteosclerosis in almost all of the distal 
and middle phalanges in the first, second, third, and fourth 
fingers bilaterally (Figure 1c). Cortical bone thickening and 
osteosclerosis were also observed in the proximal phalanges  
in the right fingers. Syndesmophytes were observed in her 
C6 and C7 vertebrae in the cervical X-ray (Figure 1d).  
Magnetic resonance imaging using short T1 inversion  
recovery showed a high intensity area in patient’s right tibia,  
suggesting the presence of enthesitis of semitendinosus  
tendon (data not shown). These radiological findings  
supported the diagnosis of axial SpA.6 Thus, she was finally  
diagnosed with CD-associated SpA. She was treated with  
infliximab (IFX, 5 mg/kg) to induce remission of both active  
CD and SpA. DBE, which was performed four times  
after the injection of IFX, confirmed the healing of jejunal

immunopathogenic processes, excessive pro-inflammatory  
cytokine responses to intestinal microflora likely mediate 
the development of CD-associated SpA. However, it remains  
unknown whether CD-associated SpA is characterized by 
excessive immune responses to intestinal microflora. Here, 
we report a case of CD-associated SpA in which excessive  
pro-inflammatory cytokine responses to Toll-like receptor 
(TLR) ligands derived from intestinal microflora might drive 
the development of both CD and SpA.
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Figure 1. (Continued)
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Figure 2. Excessive production of pro-inflammatory cytokines in response to Toll-like receptor ligands in a patient with 
Crohn’s disease (CD)-associated spondyloarthritis (SpA). (a) Cytokine profiles of the jejunum and ileum of the patient  
before and after infliximab (IFX) treatment. Total mRNA was isolated from the biopsy samples and subjected to the quantitative  
reverse transcription polymerase chain reaction to determine the expression levels of IL-1β, IL-6, TNF-α, IFN-γ, IL-17, and  
forkhead box p3 (FOXP3) mRNAs. Expression levels were normalized to that of β-actin. (b) Peripheral blood mononuclear  
cells (2 × 106/mL) isolated from the patient and two healthy controls (Control 1, Control 2) were treated with muramyl  
dipeptide (MDP, a NOD2 ligand, 10 μg/mL), PAM3CSK4 (PAM, a TLR2 ligand, 10 μg/mL), or lipopolysaccharide (LPS, a TLR4 
ligand, 1 μg/mL) for 48 h. Then, the levels of pro-inflammatory cytokines (IL-1β, IL-6, TNF-α, IL-12/23p40) were determined by 
enzyme-linked immunosorbent assays.
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Induction of remission by IFX markedly reduced  
expression of the pro-inflammatory cytokines IL-1β, IL-6,  
TNF-α, IFN-γ, and IL-17 in both the jejunal and ileal  
mucosa (Figure 2a). Such suppressive effects on broad ranges  
of cytokine responses by IFX can be partially explained 
by the fact that expression of pro-inflammatory cytokines  
requires activation of nuclear factor-kappa B, a prototypical  
transcription factor activated by TNF-α.4 In contrast,  
expression of forkhead box P3, a master regulator of  
regulatory T cells, was comparable before and after IFX  
treatment in both the jejunal and ileal mucosa. Thus, the 
induction of remission by IFX was accompanied by a  
reduction of pro-inflammatory responses rather than an  
accumulation of regulatory T cells.

We next examined whether PBMCs isolated from this 
case before IFX treatment exhibited excessive innate immune 
responses to NOD2 and TLR ligands derived from intestinal 
microbiota. We found that PBMCs from this patient produced 
large amounts of IL-1β, IL-6, TNF-α, and IL-12/23p40 upon 
stimulation with the NOD2 and TLR ligands as compared 
with PBMCs from healthy controls (Figure 2b), suggesting 
that excessive pro-inflammatory cytokine responses against 
intestinal microflora could underlie immunopathogenesis in 
this case. 

and ileal ulcers (Figure 1a). A marked reduction in immune 
cell infiltration was seen in pathological examinations using 
small intestinal biopsy specimens. Moreover, IFX treatment 
markedly improved both CD- and SpA-associated symptoms. 
Thus, IFX treatment successfully induced clinical remission of 
CD-associated SpA. 

To determine the molecular mechanisms underlying 
IFX-induced clinical remission in CD and SpA, mRNA was 
isolated from the jejunal and ileal biopsy specimens before  
and after IFX treatment, and subjected to quantitative PCR 
analysis as described previously.7 Because excessive innate  
immune responses to intestinal microbiota underlie the 
immunopathogenesis of not only CD, but also SpA,1-3  
peripheral blood mononuclear cells (PBMCs) isolated from 
this patient and two healthy controls were stimulated with 
nucleotide-binding oligomerization domain 2 (NOD2) and 
TLR ligands to measure the levels of pro-inflammatory  
cytokines (IL-1β, IL-6, TNF-α and IL-12/23p40) as  
described previously.8 Briefly, PBMCs were stimulated with 
the NOD2 ligand, muramyl dipeptide (10 μg/mL), the 
TLR2 ligand, PAM3CSK4 (10 μg/mL), and the TLR4 ligand,  
lipopolysaccharide (1 μg/mL). Ethical permission for this 
study was obtained from the Review Board of the Kindai  
University Faculty of Medicine. Written informed consent was 
obtained from the patient and healthy controls. 
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Discussion
Although SpA signs are common extra-intestinal  

manifestations of active CD,1 the molecular mechanisms  
accounting for the link between CD and SpA are  
poorly defined. We encountered a case with concurrent  
occurrence of small intestinal CD and SpA, and analyzed  
pro-inflammatory cytokine responses. We found that PBMCs  
isolated from our patient exhibited enhanced production 
of pro-inflammatory cytokines upon stimulation with the 
NOD2 and TLR ligands, as compared with PBMCs from 
healthy controls. Moreover, quantitative PCR analyses of  
ileal and jejunal biopsy samples revealed a marked  
reduction of pro-inflammatory cytokine levels after  
successful induction of remission by IFX. Because NOD2 
and TLR ligands are small molecules derived from  
intestinal microflora, these data suggest that excessive  
pro-inflammatory cytokine responses against intestinal  
microflora might underlie the immunopathogenesis of  
CD-associated SpA. In addition, this case report lends strong 
support to the hypothesis that pathogenic immune responses 
causing both CD and SpA might originate from gut mucosa,  
which is exposed continually to intestinal microbiota.1-3  
However, we have to be cautious regarding the interpretation 
of these data since we have not analyzed pro-inflammatory  
cytokine responses in the joints. Moreover, it remains  
unknown whether excessive pro-inflammatory cytokine  
responses seen in the PBMCs could be reproduced in 
the intestine and joint. Differences in the percentages of  
peripheral blood monocytes or dendritic cells and in 
the expression of TLRs might affect the production of  
pro-inflammatory cytokines by PBMCs. More importantly,  
analyses of cytokine responses in a large number of  
patients with CD-associated and CD-non-associated SpA 
are necessary to verify the link between the gut-joint axis 
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and CD-associated SpA. Therefore, confirmation of this idea 
awaits future studies measuring pro-inflammatory cytokine 
responses in the intestine, joint, and peripheral blood in  
patients with SpA. 

As for the pathogenic cytokine responses shared by CD 
and SpA, recent studies have highlighted the importance 
of IL-17, IL-23, and TNF-α.1-4, 9-11 Consistent with those  
findings, induction of remission by IFX markedly decreased 
the expression of IL-17 and TNF-α in the ileal and jejunal 
mucosa in this case. Moreover, PBMCs from a patient with 
CD-associated SpA produced a large amount of IL-12/23p40 
upon stimulation with microbial antigens. Therefore,  
it is logical to assume that CD-associated SpA could be  
successfully treated by decreasing IL-17 or TNF-α levels.  
However, blocking of IL-17, which is necessary for  
maintenance of intestinal barrier integrity,12 did not induce  
remission in active CD patients.13 Moreover, IL-17 inhibition  
can result in intestinal inflammation in a significant  
fraction of SpA patients because of impairments in barrier  
function and gut microbiome alterations.14 Considering these  
pro-inflammatory, rather than anti-inflammatory, effects of 
neutralizing IL-17, inhibition of TNF-α-mediated signaling 
pathways may be preferred for treating active CD-associated 
SpA. Indeed, IFX treatment successfully induced remission in 
both CD and SpA in the present case. 

In conclusion, we report a case with CD-associated 
SpA exhibiting enhanced production of pro-inflammatory  
cytokines to TLR ligands. This case report suggests that  
excessive pro-inflammatory cytokine responses to TLR 
ligands might underlie the immunopathogenesis of  
CD-associated SpA. Confirmation of this idea awaits future 
studies addressing pro-inflammatory cytokine responses to 
TLR ligands in a large number of patients with CD-associated 
SpA and CD-non-associated SpA. 

Figure 2. (Continued)
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