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1 SUPPLEMENTAL METHODS
S1.1 General exclusion criteria 
The highly standardized recruitment and screening process consisted of a structured telephone screening, a personal interview, a medical examination, and completion of psychosocial and clinical symptom questionnaires. General exclusion criteria were the usual contraindications for magnetic resonance imaging (MRI; e.g., claustrophobia, ferromagnetic implants), structural brain abnormalities (ruled out by a licensed neuroradiologist, author N.T.), and left-handedness assessed with a validated questionnaire (1). As rectal distensions were used as painful interoceptive US herein, perianal tissue damage (e.g., hemorrhoids, fissures) was excluded by digital rectal examination. Given well-documented sex differences in both pain perception and processing (2) as well as in aversive learning and memory processes (3), only women were recruited for all groups. Pregnancy was ruled out using a commercially available urinary pregnancy test (Biorepair GmbH, Sinsheim, Germany) on the day of the study. 



S1.2 Experimental procedures accomplished prior to fear conditioning
As previously described in detail for implementation in healthy volunteers (4), procedures accomplished before fear conditioning consisted of the determination of individual pain thresholds for the visceral and the somatic pain modality, respectively, followed by the titration and matching of individual pain stimulation intensities and a pain habituation phase [(results from the same patient cohorts reported in (5)]. Visceral pain stimuli were implemented with pressure-controlled rectal balloon distensions, delivered with a barostat system (modified ISOBAR 3 device, G & J Electronics, Toronto, ON, Canada), as a clinically relevant and widely used visceral pain model (details e.g. in (4-6). For the somatic pain modality, thermal cutaneous pain stimuli were applied on the left ventral forearm using a thermode (PATHWAY model CHEPS; Medoc Ltd. Advanced Medical Systems, Ramat Yishai, Israel). For implementation as US, based on pain thresholds, distension pressures and temperatures were individually titrated to achieve perceived pain intensities within a predefined target range of 60-80 mm on a visual analog scale (VAS, 0-100 mm, ends labelled “not painful at all” and “extremely painful”) and matched for perceived pain intensity. Note that implementation of individually titrated US stimulus intensities during the acquisition phase controls for interindividual variability in pain sensitivity and minimizes possible effects of condition-specific hypersensitivity (e.g., as has been observed in IBS or in some IBD patients; 7-9). 
Immediately prior to conditioning, a pain habituation phase was accomplished. This facilitated a familiarization of participants with the scanning environment and allowed us to verify that individually titrated stimulus intensities induced adequate pain levels, as a crucial basis for implementation of effective US during conditioning. To this end, five painful rectal distensions and five thermal cutaneous pain stimuli were presented in randomized order and without predictive cues. In case pain ratings indicated a deviation from the target range, stimulus intensities were adjusted before conditioning. Note that for safety reasons, the maximum pressure applied was limited to 60 mmHg and the maximum temperature applied was limited to 50 °C.



S1.3 Expanded methods brain imaging 
All MR images were acquired using a whole-body 3 Tesla scanner (Skyra, Siemens Healthcare, Erlangen, Germany) equipped with a 32-channel head coil. A T1-weighted 3D-magnetization prepared rapid gradient echo (MPRAGE) sequence was used to assess structural images (repetition time (TR) 1900ms, echo time (TE) 2.13ms, flip angle 9°, field of view (FOV) 239 x 239mm2, 192 slices, slice thickness 0.9mm, voxel size 0.9 x 0.9 x 0.9mm3, matrix 256 x 256mm2, Generalized Partially Parallel Acquisitions (GRAPPA) r=2). Structural MR-images were used in a larger voxel-based morphometry analysis to examine structural brain alterations in UC and IBS (10). For functional imaging, a single-shot echo-planar imaging (EPI) sequence was used (TR 2300ms, TE 28.0ms, flip angle 90°, FOV 220 x 220 mm2, matrix 94 x 94 mm2, GRAPPA r = 2 with 38 transversal slices angulated in the direction of the corpus callosum, slice thickness of 3mm, slice gap 0.6mm, voxel size 2.3 x 2.3 x 3.0mm) to measure event-related blood oxygen level-dependent (BOLD) responses.
Functional images were analyzed with SPM software (SPM12, Wellcome Trust Centre for Neuroimaging, UCL, London, UK) implemented in Matlab (R2021a, Mathworks Inc., Sherborn, MA, USA). A standard realignment procedure was performed as implemented in SPM12 for the estimation of six parameters for translation (x, y, z) and for rotation (pitch, roll, yaw) to describe the rigid body transformation between each image and a reference image. Functional images were co-registered to individual T1-weighted structural images used as reference images, with the origin set to the anterior commissure, and normalized to Montreal Neurological Institute (MNI) space using a standardized International Consortium for Brain Mapping (ICBM) template for European brains and smoothed using an isotropic Gaussian kernel of 8 mm. A temporal high-pass filter with a cut-off set at 128 s was implemented to correct for low frequency drifts, and serial autocorrelations were taken into consideration by means of an autoregressive model first-order correction. 
First- and second-level analyses are described in full detail in the main manuscript. 
All analyses focused on a priori defined regions of interest (ROI) of the fear and extinction networks (11-13), including amygdala, hippocampus, ventromedial prefrontal cortex (vmPFC), anterior insula (aINS), anterior cingulate cortex (ACC), thalamus, and basal ganglia (putamen, pallidum, caudate). Segmentation of aINS and ACC was accomplished with masks based on the previous literature (14) within the borders of the Wake Forest University (WFU) Pick Atlas. All ROI analyses were carried out using unilateral anatomical templates constructed from the WFU Pick Atlas (Version 2.5.2), as implemented in SPM12. For all reported ROI-analyses, familywise-error (FWE) correction for multiple testing was used with statistical significance set at pFWE < 0.05 and a minimal cluster size (kE) of 3, and coordinates refer to the MNI space. Plots were prepared using the software MRIcroGL (version 1.2.20210317; 15). Parameter estimates from peak-voxels identified in significant group comparisons were extracted from the respective ROI to visualize the direction of observed effects with the ggplot2 package (16) using R (Version 4.1.1; R Core Team, Vienna, Austria) in RStudio (Version 2021.09.0+351; RStudio, Boston, MA), and to accomplish exploratory correlational analyses.  
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2 SUPPLEMENTAL RESULTS
S2.1 Assessment of medication effects on group differences observed between UC and comparison groups
To examine whether medications taken by UC patients impacted on the observed group differences between UC and comparison groups in central fear network engagement during the acquisition and extinction of interoceptive fear, we accomplished a supplemental analysis. Here, we excluded the UC patients who were at the time of our study treated with systemically acting anti-inflammatory medications (i.e., N=2 patients on a TNF-α blocker and N=2 patients on azathioprine) and accomplished the same group comparisons as reported in the main manuscript (compare to Table 2). Results revealed that the exclusion of N=4 patients from the UC cohort did not substantially alter results of BOLD-analyses on differential activation induced by conditioned predictors of visceral pain (i.e., ΔCSVISC): Albeit with smaller cluster sizes, all clusters for which alterations in UC vs. HC were reported for the late acquisition phase remained significant (left amygdala: x = -28, y = -6, z = -18, t = 3.31, pFWE = .027, kE = 8; left hippocampus: x = -26, y = -8, z = -22, t = 3.70, pFWE = .039, kE = 1; right putamen: x = 32, y = 10, z = -2, t = 3.68, pFWE = .041, kE = 1). For the comparison of UC and IBS, clusters that emerged during late acquisition within dorsal aINS and putamen did not reach significance, while group differences were still observed within left amygdala (x = -28, y = 0, z = -28, t = 3.28, pFWE = .034, kE = 2). During fear extinction, all reported clusters remained significant (left amygdala: x = -22, y = -6, z = -12, t = 3.56, pFWE = .010, kE = 26; left ventral aINS: x = -40, y = 4, z = -10, t = 3.92, pFWE = .015, kE = 6; right thalamus: x = 4, y = -24, z = 4, t = 3.63, pFWE = .027, kE = 3).
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[bookmark: _Hlk155969883]In addition to this supplemental statistical analysis, we explored response patterns of differential neural activation during acquisition and extinction, visualized as parameter estimates, including only UC who were completely untreated (i.e., who were taking neither systemically acting anti-inflammatory drugs nor were treated with locally acting medications). Since the number of completely untreated patients in our sample is very small (N=5), we abstained from statistical analyses but inspected visualized parameter estimates. In supplemental Figures S1 (acquisition phase) and S2 (extinction phase), we provide plots allowing a visual comparison of parameter estimates as reported in the main manuscript based on group comparisons in the full UC cohort (upper rows, identical with main figures 2 and 3, respectively) versus group comparisons in the untreated UC subgroup (lower rows). The response patterns show comparable responses for almost all ROI, together indicating that medication status is unlikely to be a causal factor underlying the group differences we report on in the main manuscript. 


Acquisition Phase
[image: Ein Bild, das Text, Screenshot, Diagramm enthält.

Automatisch generierte Beschreibung]
Figure S1. Parameter estimates extracted from analyses on differential blood oxygen level dependent (BOLD) responses induced by conditioned predictors of interoceptive pain (i.e., ΔCS+VISC) in the late acquisition phase as shown in the main manuscript (compare to figure 2) in UC vs. HC (A) and UC vs. IBS (B), here with the addition of the same response patterns only with the untreated subgroup of UC patients compared to HC (C) and IBS (D). Note that given small and different sample sizes, results are only provided for visual inspection, and no statistical analyses were accomplished for added results shown in C and D. 
Extinction Phase
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Automatisch generierte Beschreibung]Figure S2. Parameter estimates extracted from analyses on differential blood oxygen level dependent (BOLD) responses induced by conditioned predictors of interoceptive pain (i.e., ΔCS+VISC) in the extinction phase comparing UC vs. IBS as shown in the manuscript (A, compare to main Figure 3) here additionally shown only for the untreated subgroup of UC patients vs. IBS (B). Note that given small and different sample sizes, results are only provided for visual inspection, and no statistical analyses were accomplished for added results shown in B.
 


S2.2 Analyses with overall psychological distress (HADS total score) as covariate 
[bookmark: _Hlk155969931][bookmark: _Hlk154672784][bookmark: _Hlk155970026]In light of group differences observed in psychiatric comorbidity, quantified with the Hospital Anxiety and Depression Scale (HADS), supplemental analyses of covariance (ANCOVA) with HADS total score as a covariate were accomplished. When compared to results computed without HADS total score as a covariate (i.e., ANOVA as reported in the main manuscript), ANCOVA did not appreciably change statistical results reported for the analyses of perceived visceral pain intensity (i.e., USVISC ratings; sign. main effect of time: F(2,128) = 3.86, p = .024, ηp2 = .06) or for visceral pain-induced neural activation during fear acquisition (i.e., USVISC-related BOLD responses; altered engagement of right amygdala in early acquisition in UC compared to HC: x = 20, y = -2, z = -16, t = 3.44, pFWE = .021, kE = 4).  Similarly, behavioral results on differential changes in cue valence (i.e., CSVISC ratings), remained virtually unchanged, with significant main effects of time for the acquisition (F(1.54,98.60) = 5.74, p = .008, ηp2 = .08) and extinction phases (F(1,64) = 6.12, p = .016, ηp2 = .09). On the other hand, regarding differential activation induced by conditioned predictors of visceral pain (i.e., ΔCSVISC-related BOLD responses), after inclusion of HADS total score as additional covariate of no interest in the two-sided independent samples t-tests (UC >/< HC and UC >/< IBS; compare to Table 2), clusters reflecting significant group differences during acquisition and extinction failed to reach suprathreshold levels after rigorous small volume correction. 


S2.3 Acquisition and extinction of exteroceptive fear responses to CS+SOM
[bookmark: _Hlk155970216][bookmark: _Hlk155970239]Analyses reported in the main manuscript focus on fear network reactivity during the acquisition of conditioned interoceptive fear of visceral pain as US in UC compared to HC and IBS as a patient comparison group. However, the translational fear conditioning paradigm also contained thermal cutaneous pain stimuli as an additional exteroceptive (somatic) US (for details on methods, see S1.2), providing the opportunity to explore the specificity of group differences reported for interoceptive (i.e., visceral pain-related) fear to pain modality. To this end, we also provide results of selected supplemented analyses of conditioned exteroceptive fear of somatic pain as US. For analysis of BOLD responses, we applied the identical analysis strategy as described in the main manuscript (i.e., here now entering CS+SOM and USSOM as regressors of interest and CS+VISC und USVISC as nuisance regressors). Similarly, for behavioural analyses, exteroceptive fear learning was explored by computing the same statistical tests for somatic CS and US (i.e., CSSOM and USSOM) as for interoceptive fear learning.
BOLD analyses were focused on testing group differences in exteroceptive fear acquisition (i.e., ΔCSSOM) within those selected ROIs revealing group differences for interoceptive fear acquisition (i.e., ΔCSVISC), i.e., amygdala, hippocampus, putamen, dorsal and ventral aINS, and thalamus (compare to main Table 2). These analyses yielded no significant findings. This lack of group differences at the neural level was not attributable to altered exteroceptive fear learning efficiency and/or magnitude at the behavioral level, as analyses of ΔCSSOM valence revealed similar findings for exteroceptive CS (i.e., a sign. main effect of time: F(2,130) = 14.49, p < .001, ηp2 = .18, but no interaction or group effects) as observed for the interoceptive CS.
For the extinction phase, BOLD analyses comparing ΔCSSOM-induced neural responses in UC and HC revealed no significant group differences. On the other hand, as for interoceptive (ΔCSVISC-induced) neural responses, group differences between UC and IBS patients emerged in differential engagement in responses to ΔCSSOM within left amygdala (x = -26, y = -2, z = -12, t = 3.82, pFWE = .011, kE = 30), left ventral aINS (x = -36, y = 18, z = -10, t = 3.85, pFWE = .015, kE = 13), and right thalamus (x = 14,  y = -6, z = 0, t = 4.31, pFWE = .011, kE = 6)]. Behavioral analyses on ΔCSSOM valence demonstrated comparable exteroceptive fear extinction across groups (i.e., a sign. main effect of time: F(1,65) = 19.77, p < .001, ηp2 = .23 , but no interaction or group effects).
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