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Abstract

Backgrounds & Aims: There is no accurate and reliable circulating biomarker to diagnose Crohn’s
disease (CD). Raman spectroscopy is a relatively new approach that provides information on the
biochemical composition of samples in minutes and virtually without any sample preparation. We
aimed to test the use of Raman spectroscopy analysis of plasma samples as a potential diagnostic

tool for CD.

Methods: We analyzed by Raman spectroscopy dry plasma samples obtained from 77 CD patients
(CD) and 45 healthy controls (HC). In the dataset obtained, we analyzed spectra differences between
CD and HC, as well as among CD patients with different disease behavior. We also developed a
method, based on Principal Component Analysis followed by a Linear Discrimination Analysis (PCA-

LDA), for the automatic classification of individuals based on plasma spectra analysis.

Results: Compared to HC, the CD spectra were characterized by less intense peaks corresponding
to carotenoids (p<10*) and by more intense peaks corresponding to proteins with B-sheet secondary
structure (p<10*). Differences were also found on Raman peaks relative to lipids (p=0.0007) and
aromatic amino acids (p<10*). The predictive model we developed was able to classify CD and HC

subjects with 83.6% accuracy (sensitivity 80.0% and specificity 85.7%) and F1-score of 86.8%.

Conclusion: Our results indicate that Raman spectroscopy of blood plasma can identify metabolic
variations associated with CD and it could be a rapid pre-screening tool to use prior to further specific

evaluation.
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Introduction

Currently there is no accredited blood biomarker able to predict reliably and accurately Crohn’s
disease (CD).! Hence, a large proportion of patients with non-specific abdominal symptoms have to
undergo diagnostic ileocolonoscopy or other investigations to rule out this inflammatory bowel
disease. Not only is endoscopy an invasive procedure, but to confirm diagnosis of CD requires a
combination of other clinical, pathological, endoscopic and imaging investigations as well, which are
often not conclusive. 2 An accurate blood biomarker would thus be highly useful as it could reduce
the need for this ensemble of invasive and/or nonspecific diagnostic procedures presently required
to confirm (or at least reasonably exclude) a diagnosis of CD. Raman spectroscopy (RS) is an
advanced optical technique that draws specific biochemical information from single cells or entire
tissues by analyzing scattered light. 2 Since each molecule has a unique Raman spectrum, one can
attribute a specific signature to every biological specimen. RS thus provides a real-time, label-free
accurate characterization of biological samples, and recent reports suggest that it could be a possible

new diagnostic approach for a number of cancer and neurological disorders.**®

We hypothesized that one could use an RS chemical fingerprint to specifically diagnose CD. To this
end, we analyzed spectrum differences between plasma samples of CD patients and healthy
subjects, to identify a surrogate blood biomarker. This idea was suggested by the fact that
endoscopic Raman probes for the real-time, label-free identification of CD or ulcerative colitis from
healthy bowels have already been described in the literature and tested on tissue samples’® and in
vivo on a small number of subjects. 1% Recently, the data available on the possible use of RS for
the management of CD were reviewed by Tefas and Tantau.!? Despite the great interest shown in
RS in clinical practice for diagnosis of a number of diseases, there is still no evidence on the
usefulness of RS for the diagnosis of CD by plasma analysis. The aim of this study was to investigate
the Raman fingerprint of CD patients’ plasma and to compare it with that of healthy control subjects
(HC). Integrative analysis with the patient’s other clinical data could provide a highly specific and

accurate diagnostic tool for CD.



Materials and methods

Patient selection

From April 2018 to February 2019, all consecutive patients referred to the Inflammatory Bowel
Disease Surgery department of ASST Fatebenefratelli Sacco, “Luigi Sacco” University Hospital
(Milano, ltaly) for Crohn’s disease (CD) were screened for eligibility. Inclusion criteria were a proven
histopathological diagnosis of CD, any CD pattern and localization, and age from 18 to 85 years.
Exclusion criteria were referral in emergency care, severe sepsis, rheumatologic disease, chronic
liver diseases, chronic heart failure and other concurrent gastrointestinal diseases. A total of 77
patients with CD were recruited. A control group was formed of healthy volunteers free from any
significant disease (HC, n=45). The Ethical Committee of ASST Fatebenefratelli Sacco (Milano Area
1) authorized the study as protocol n. 545/2016 and 24916/2019. The study was conducted in
accordance with the International Conference on Harmonization (ICH) Good Clinical Practice (GCP)
guidelines. All patients who agreed to participate signed a written informed consent prior to inclusion

in the study.
Blood collection

A 10 mL volume of peripheral venous blood was collected from each subject in EDTA-coated
vacutainer tubes. Plasma samples were obtained by centrifugation (1000 g x 10 min at room

temperature) and aliquots stored in sterile cryovials at — 80°C until analysis.
Raman spectra acquisition and analysis

Raman spectra were acquired using an InVia Reflex confocal Raman microscope (Renishaw plc,
Wotton-under-Edge, UK) equipped with a solid-state laser light source operating at 785 nm. The
Raman spectrometer was calibrated twice a day (at 520.7 cm™®) with silicon wafer. The procedure
was to deposit a 3.5 uL drop of plasma on the surface of Raman-compatible CaF; discs (Crystran
Ltd., Poole, UK) and allow it to dry for 25 min at room temperature. The Raman study was performed
using a 785 nm excitation laser with 100% power (around 90 mW at source), a 1200 I/mm grating

and a 100x objective (Leica). The diameter of the laser spot on the surface was = 1.2 ym. Spectra



were acquired in the region between 400 and 1750 cm™ as the sum of 7 acquisitions of 10 s each.
Spectra resolution is about 1.1 cm™. For each sample, 3 different spectra were collected from
different positions of the drop. In order to avoid risk of a measurement bias due to small differences
in calibration of the Raman spectrometer, we gathered data from HC and CD in pairs (as far as
possible, given the numerical disparity of the two groups) within a half-day time frame. The software
package WIRE 5 (Renishaw, UK) was used for the spectral acquisition and to remove cosmic rays
and background fluorescence using a 5" order polynomial fit. The spectra acquired for each sample
were vector-normalized and the average of the 3 spectra was regarded as the final representative
spectrum of each patient. Spectrum normalization and data analysis were performed using

OriginPro, Version 2019 (OriginLab Corporation, Northampton, MA, USA).

Statistical data analysis

To analyze categorical variables, we used with the Chi-square test or Fisher's exact test. For
continuous quantitative variables, we first applied the Shapiro-Wilk and Kolmogorov-Smirnov tests
in each group to verify the normal distribution of data: we considered data as normal only if both
tests accepted the null hypothesis of normal distribution. Then we performed parametric (t-test) or
non-parametric (Wilcoxon test) tests to compare mean values between groups. We used a
generalized linear model to analyze combined effects of continuous and categorical variables on
continuous outcomes. Data analysis was performed using SAS software (v. 9.4 SAS Institute Inc.,

Cary, USA) and R software (v. 3.5.1, © The R Foundation).

Multivariate data analysis for the automatic classification of the spectra was based on a combination
of Principal Component Analysis (PCA) and Linear Discrimination Analysis (LDA) of the spectra pre-
processed as above (baseline subtracted and vector normalized). With PCA, we reduced the
complexity of the dataset down to 122 principal components (PCs). We then built a PCA-LDA
classification model using the first 12 PCs as training data, with two categories (HC and CD), From
the receiver operating characteristic (ROC) curve, we obtained the optimal threshold (cut-off point)

and this value was used for the classification of patients. The PCA-LDA classification model was



validated by leave-one-patient-out cross validation. The multivariate analysis was performed using

OriginPro, Version 2019 (OriginLab Corporation, Northampton, MA, USA).

In order to estimate the diagnostic accuracy of Raman spectroscopy in CD, we calculated the sample
size necessary for each group (CD and HC) by estimating the area under the curve (AUC).
Considering AUC=0.85 and marginal errors d=0.1 with 95% confidence level, the number of samples

required for analysis was at least 38 in each group.®?

Results
Raman Analysis of Blood Plasma of Crohn’s Disease Patients and Healthy Controls

In this study, we analyzed plasma samples of 77 patients with Crohn’s disease and 45 healthy

controls. The main characteristics of the two groups are reported in Table 1.

From Raman spectra analysis of blood plasma, we obtained a fingerprint of the biochemical
composition of the whole plasma sample, quickly (in a few minutes) and without the need to target
specific pre-defined molecules (Fig. S1). In detail, the Raman spectra of plasma were generally
characterized by numerous peaks corresponding to various plasmatic components. A complete
attribution of all plasmatic Raman peaks was not the focus of this study and has been reported
before.!*'® However, it is of note that this technique allows simultaneous study of different
biomolecules. Figure S1 shows the average Raman spectrum of the samples analyzed. Table S1
reports the attribution of the main Raman peaks of plasma, based on the current scientific literature.
Among the main peaks, we can find those relative to carbohydrates at 627 cm™.1” Information about
the amount of circulating DNA can be obtained by measuring the intensity of the peak at 828 cm™,
which is typical of the phosphate groups. 1 The bands at 940 cm?, at = 1250 cm™ and at 1640 cm™
are characteristic of protein backbones and can provide hints about the relative amount of a- or 8-
folded proteins. '° The bands at 1157 and 1524 cm™ correspond to the presence of carotenoids.?°
Other bands, such as those at 760, 1002, 1207 and 1618 cm™ refer to the aromatic amino acids

phenylalanine, tryptophan and tyrosine.? Raman spectroscopy thus provides a comprehensive



“bird’s eye view” of the overall plasma composition. As dry drops of plasma could present local
inhomogeneity in their biochemical composition, we acquired three different spectra for each sample
and considered the average of the three as the representative spectrum for each patient. Four
examples (2CD + 2HC) of the three different spectra acquired from each sample and the resulting

average are shown in Figure S2.

As expected, Raman analysis revealed remarkably similar patterns between CD and HC (Fig. 1A,
B). However, a closer look showed that, even if all main peaks were present in both groups, their
intensity differed reflecting variations in the overall biochemical composition of plasma between

Crohn’s disease patients and healthy controls.

Figure 1C highlights the difference between the mean spectra of the two groups. A detailed analysis
of these spectra differences in the two groups confirmed that they were significant, as detailed in
Figure 2. The main spectral variations concern the carotenoid peaks. We observed other important
variations in the peaks corresponding to protein backbones and aromatic amino acids such as
phenylalanine. In particular, higher Amide 1l peaks at 1233 cm™ and less intense Amide | peaks at
1655 cm™ are evident in CD subjects, suggesting that CD is associated with an increase of B-folded
proteins and a reduction of a-helix proteins. In addition, CD plasma samples showed less intense
peaks of phenylalanine, and more pronounced peaks in relation to the presence of disulfide bridges
in proteins (504 cm™). Overall, these variations suggest differences in the pattern of plasmatic
proteins of CD subjects. Other statistically significant differences were also observed on the peaks
related to plasmatic lipids (1412 cm™), and to tryptophan (760 cm™). The box plots in Figure 2 show
the variations observed between the two groups in the different peaks analyzed and their statistical
significance. A resume of the statistical analysis performed on the relevant peak is reported in Table

S2.

A subsequent statistical analysis confirmed that the differences observed were independent of
factors such as sex, age and the duration of illness within the CD group (Tables S3-S4). We used a
generalized linear model to analyze combined effects of sex, age and disease on each selected

peak. We noted that for all Raman spectral peaks shown in Figure 2 there was a significant difference



between healthy controls and Crohn patients. In some peaks, we did observe differences in terms
of sex or age, such as those at 760, 1157, 1233, 1524 cm™. However, in all cases examined, the
difference of disease status remained statistically significant. Duration of the disease did not affect

the intensity of the peaks except for the one at 1412 cm, where a positive correlation was found.

Differentiation of Crohn’s Disease Patients from Healthy Controls

A multivariate analysis of Raman spectra based on PCA followed by LDA was used as a tool to
automatically differentiate CD patients from HC subjects. We first used PCA to reduce the number
of spectral variables in order to determine similarities/differences between the two groups and to
allow an easier automatic differentiation. The first 12 PCs were able to describe 93% of the variability
contained in the dataset and were used for the subsequent LDA analysis. Table S5 shows the
Eigenvalue, the percentage of variance and the cumulative percentage of variance of the PCs
included in the study. Figure S3 shows the spectra of the PCs considered. Figure S4 shows the

scattered plot of the combination of the different PCs considered.

LDA was then used to obtain a Raman canonical correlation coefficient (Raman canonical variable)
(Figure 3A), which can be considered as the result of the Raman analysis of plasma, and which will
be at the basis of the further analysis presented here. By means of a ROC curve (AUC 0.94), we
optimized the LDA cut-off value (Figure 3B). The accuracy of the test was 88.5% (specificity 88.8%
and sensitivity 88.3%) and F1-score 90.7%. Results from the classifications are shown in Table S6.
Since, at this stage of the work, it was not possible to test the discrimination analysis on an
independent dataset, results were validated through a leave-one-patient-out method of cross
validation. This test slightly reduced the accuracy of the Raman test to 83.6% (specificity 80.0% and
sensitivity 85.7%) and F1-score 86.8%. Results from the discriminant classification after cross

validation are shown in Table S7.

During the process of analysis, other, less effective, predictive models were created using a lower

number of PCs. Results obtained with the alternative models are summarized in Table S8.
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Disease Behavior

We also studied the disease behavior and plasmatic Raman features. As the sample size of our
study was not sufficiently powered for a multivariate analysis to classify the different disease
behaviors, we limited our analysis to explore how the different behaviors affected Raman spectra

from a qualitative point of view, specifically around the four bands reported in Figure 4.

Results showed that the spectral features of inflammatory (B1) patients are generally at intermediate
level between HC subjects and CD patients with a stricturing (B2) or penetrating (B3) disease
behavior (Fig. 4). Specifically, B1 CD subjects are characterized by a peak at 1233 cm?
corresponding to the Amide Ill peaks of protein, which is significantly different from both HC and CD
with B2 or B3 behavior. On the other hand, B3 subjects had Raman spectra with lower peaks
corresponding to the carotenoid content (1523 cm™) and to aromatic amino acids (504 cm™ and 1002
cm™) versus both HC and B1 and B2 subjects. A resume of the statistical analysis performed on the

relevant peaks is reported in Tables S9-S10.

Discussion

In this study, we analyzed the biochemical composition of dry plasma obtained from a cohort of CD
patients and healthy controls using Raman spectroscopy. Raman analysis of plasma had previously
been suggested as a tool for the rapid screening of patients affected by a number of pathological
conditions such as cancer or Alzheimer’s disease. A high-quality Raman spectrum can be acquired
virtually without any sample preparation in less than 5 minutes. RS analysis provides a “bird’s eye
view” of the different classes of biomolecules present in blood, ranging from proteins to lipids. In fact,
RS is, like other metabolomic methods such as mass spectroscopy (MS) or nuclear magnetic
resonance (NMR), an untargeted approach (it does not measure a specific molecule previously
identified). The only sample preparation needed for the analysis is the deposition of a very small

drop of plasma (3.5 uL) on a slide that is left to dry for 25 min. Recently, some groups also reported
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the possibility to perform Raman analysis directly on liquid samples. This would allow an immediate
analysis of the sample and reduce the risk of data inhomogeneity. 2223 However, a careful evaluation
of the quality of the spectra obtained in liquid is still needed in order to verify if this approach would
be suitable for detecting the variations that we observed here in this study between HC and CD

plasmatic samples.

Even if RS provides comparably less information than MS or NMR, its great advantage is that the
instrumentation required for the analysis is less expensive and the processing cost for each sample

is close to zero as no consumable or solvent is required.

Comparing the Raman spectra of CD patients with those of HC, clear differences emerged. This
suggests that CD is associated with systemic metabolic alterations, which can be useful for
diagnostic purposes. In particular, there were marked differences in the amount of antioxidant

molecules and in the overall protein profile of plasma.

The main metabolic feature distinguishing CD patients from HC is the deficiency of carotenoids, as
detected by Raman peaks at 1157 and 1523 cm™. Lower serum levels of fat-soluble vitamins are
well known in CD, and are related to the decreased bowel absorptive surface and reduced food
intake to avoid abdominal pain. 242 A higher prevalence of vitamin A deficiency has been reported
in CD patients as compared with healthy controls; this may be related to a reduced antioxidant
micronutrient concentration and increased levels of lipid peroxidation. 262 In fact, numerous reports
in the literature indicate the involvement of oxidative processes induced by free oxygen radicals in
the pathophysiology of tissue damage in CD.?** Therefore, our finding of a decreased presence of
antioxidant species in plasma from CD patients by RS is in line with previous evidence. RS is a
particularly well suited technique for the detection of carotenoids as their rigid chemical structure
provides very intense peaks. 2° One could further optimize their detection by using a different laser
line (e.g. 532 nm) which would allow a very fast quantification of carotenoids, but at the expense of
the analysis of the other blood components. 2> 3! In future, coupling the analysis here presented
based on use of a 785 nm laser line with a similar analysis based on a 532 nm laser line could

provide an even clearer discrimination between CD patients and HC.
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Regarding the overall protein profile that emerges from RS analysis, we should consider up to 10,000
proteins circulating in the bloodstream, of which albumin and immunoglobulins represent 80%. A
proteomic study from the National Cancer Institute of the Food and Drug Administration identified
differences in the low-mass serum proteome in the CD phenotype, namely a significant enrichment
of epithelial component proteins with intestinal complications.®? In line with this finding, proteins of
the epithelial barrier component and fatty acid binding protein-5 have been suggested as promising
candidate biomarkers. Through RS analysis, we detected an increase in p-folded proteins and a
reduced number of a-helix structures in CD, although we were unable to determine the molecular
details of the single proteins involved in this variation. All the same, given that RS is much less
technically demanding and much cheaper than MS, it could be suitable as a first-line method of
analysis for blood samples. In addition, a misbalance between collagen formation and matrix
metalloproteinase degradation has been reported as a potential serological biomarker in CD.33 This

could play a significant role in the shape of protein secondary structure observed by RS.

Through RS, we also observed altered plasmatic lipids in CD patients vs. HC. A lipid metabolism is
usually regarded as a feature of inflammatory bowel disease. Blood levels of HDL or LDL are

frequently reduced in patients with CD, possibly due to malnutrition.®*

By means of a multivariate analysis based on Principal Component Analysis followed by a Linear
Discrimination Analysis (PCA-LDA), we used the pattern of variations between the samples to set
up a predictive model to differentiate CD from normal health. It automatically classified the CD
patients with an accuracy of 83.6 % (sensitivity 80.0% and specificity 85.7%), F1-score of 86.8 %
and MCC value of 0.65 after a leave-one-out cross validation. Of the 77 CD cases included in this
study, RS plasma analysis failed to detect only 11. This suggests that Raman plasma analysis could
be useful as a potential screening tool for the diagnosis, or at least the exclusion, of CD. Further
analysis of the results showed that the 11 misclassified CD patients were characterized in 5 cases
(45.4%) by a non-stricturing non-penetrating disease behavior (B1), in 5 cases (45.4%) by stricturing

behavior (B2), and in only 1 case by penetrating behavior (B3).
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Plasma samples from patients with B1 behavior showed Raman peaks corresponding to the protein
folding quite similar to those of HC. In addition, for most of the B1 peaks, no differences between B1
and B2 patients could be detected, suggesting that RS analysis of plasma could not distinguish
between these two disease behaviors. On the contrary, B3 subjects showed markedly different
Raman spectra compared to both HC and to B1 and B2 patients. B3 subjects had lower carotenoid
values and lower aromatic amino acids peaks. However, further analysis is required to investigate
the potential role for plasma RS to discriminate CD behaviors and/or predict fibrostenosing

progression.

The importance of this study lies in the fact that no accurate blood biomarker of CD is currently
available. Consequently, about 50% of patients with functional symptoms annually undergo
unnecessary invasive procedures such as ileocolonoscopy to rule out CD, which is eventually
diagnosed only in a small subset of patients. *° A few possible blood biomarkers have been described
in the literature so far, often with controversial results as regards their utility for an appropriate
diagnosis of CD. Among them, the best known are anti-Saccharomyces cerevisiae antibody (ASCA)
and perinuclear antineutrophil cytoplasmic antibodies (pASCAs). However, their sensitivity is not
optimal.*® A meta-analysis of 60 studies has demonstrated that ASCA+/pANCA- patients are more

probably those affected by CD, but the sensitivity was only 55%.%’

Other biomarkers used have demonstrated a poor specificity. This is the case for C-reactive protein
(CRP), which is found at high levels in several inflammatory conditions. Thus, reliance on CRP alone
to evaluate a patient with suspected inflammatory bowel disease might be risky. %8 Fecal biomarkers,
such as fecal calprotectin (FC), are more specific for bowel inflammation. *° FC has been proposed
as a screening tool to identify patients with a colorectal inflammatory disease, but it cannot
specifically diagnose CD. “° Indeed, FC is generally related to the inflammatory burden of the bowel
and not specifically to CD; therefore, it is useful when there is suspected inflammatory bowel disease
in patients with symptoms of irritable bowel syndrome, although the optimal cut-off value and low
positive predictive value when routinely used are still major concerns. ! Furthermore, a high day-to-
day variability of FC has been observed, suggesting that time of testing and sample storage may be

critical for the quality of the findings.*>*3



14

Based on current knowledge, an accurate blood biomarker for CD still remains an unmet clinical
need. The results of our RS study have highlighted some biochemical variations whose association
with CD is clearly established, and other variations that are difficult to match with notable CD

characteristics and, probably, ascribable to global metabolic features.

Conclusion

Our results suggest that RS analysis of plasma may be an effective tool for the identification of
specific metabolic variations associated with Crohn’s disease. A multivariate analysis of the spectral
differences allows to discriminate CD patients from healthy controls. Furthermore, we observed
some marked variations in the Raman spectra analysis of the CD penetrating disease subtype (B3).
Overall, these results support the use of RS as a first-line screening tool for CD and, if confirmed in

a larger patient cohort, RS might also be useful to predict CD behavior.
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FIGURE LEGENDS:

Figure 1. Average normalized Raman spectra of plasma samples from Crohn’s disease (CD)
patients (A: n=77) and healthy controls (HC) (B: n=45), shown together with the differential spectrum
of CD vs. HC (C). Shaded areas represent the standard deviation of the intensity. Dotted lines show
the peaks associated with different intensities between the two groups. Blue dotted lines indicate
peaks that are more intense in HC subjects (negative in the differential spectrum). Red dotted lines

indicate peaks that are more intense in CD patients (positive in the differential spectrum).

Figure 2: Box plots showing the different Raman intensity of selected peaks in CD patients vs. HC
subjects. Data are shown as box and whisker plots. Each data point represents an individual subject
analyzed. Each box represents the area between the 25" and 75" percentiles (interquartile range,
IQR). Lines inside the boxes represent the median values. Whiskers extend to the lowest and highest

values within 1.5-times the IQR from the box.

Figure 3: A) Box plot showing the Raman Canonical Variable score obtained for CD patients vs. HC
subjects. Data are shown as box and whisker plots. Each data point represents an individual subject
analyzed. Each box represents the area between the 25" and 75" percentiles (interquartile range,
IQR). Lines inside the boxes represent the median values. The whiskers represent the lowest and
highest values within £1.5-times the IQR from the box. The dashed line represents the cut-off value
calculated with the Receiver Operating Characteristic (ROC) curve and used in the classification. B)
ROC curve obtained on the post probability assignment of the multivariate analysis of the Raman

spectra of blood plasma.

Figure 4: Box plot showing the different intensities of selected peaks in CD B1, B2, B3 subtypes.

HC subjects are shown in light blue as reference. Data are shown as box and whisker plots. Each
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data point represents an individual subject analyzed. Each box represents the area between the 25™
and 75" percentiles (interquartile range, IQR). Lines inside the boxes represent the median values.

Whiskers represent the lowest and highest values within £1.5-times the IQR from the box.



TABLE:
CD (n=77) HC (n=45) p
N (%) N (%)
Sex
Female 33 (42.9) 23 (51.1)
p=0.46
Male 44 (57.1) 22 (48.9)
Age, years, mean = SD 42 + 15 39+11 p=0.15
< 30 years old 18 (23.4) 10 (22.2) --
30-40 years old 21 (27.3) 18 (40.0) --
> 40 years old 38 (49.3) 17 (37.8) --
Family history of CD
Yes 9 (11.7) -- --
No 68 (88.3) - -
Disease duration
<10 years 37 (48.1) -- --
> 10 years 40 (51.9) -- --
Age at diagnosis
Al: < 16 years 14 (18.2) -- --
A2: 16-40 years 47 (61.0) - -
A3:>40 16 (20.8) - -
Disease Behavior
B1: non-stricturing non-
penetrating 23 (29.9) h h
B2: stricturing 33 (42.8) -- --
B3: penetrating 21 (24.7) -- --
Disease Site
L1: terminal ileum 32 (51.5) -- --
L2: colon 11 (14.3) -- --
L3: ileum-colon 25 (32.5) -- --
L4: upper gastrointestinal 4(52) _ _
tract )
L3;L4: ileum-colon +
upper gastrointestinal 4 (5.2) -- --
tract
L1;L4: ileum + upper 1(1.3) _ _

gastrointestinal tract

Perianal disease
Yes

11 (14.3)
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CD (n=77) HC (n=45) p
N (%) N (%)
No 66 (85.7) - -
Current biological
therapy
Yes 41 (53.2) -- --
No 36 (46.8) - -

Table 1: Characteristics of the two groups: patients with Crohn’s disease vs. healthy controls

23



FIGURES:
3 ({\\ & <:)<6 & S c.»’ S
0,15 - A @"‘0 «@0 ,\@q’ ,\\‘5\ \fibrb ,\v'\q’ .\caqu‘ ,\é”b
0,10 I I |
r | I I |
I A [ [
250 . | L . | . L L . | . |
| I |
0.15 B I | |
Y 0,10 | I | ' |
3_ L | I I
— I [
Ut . l o . | . b ! . | . |
] | [
[ | | |
0,01 - C 1 | |
i |
0,00 WW
i | I |
-0,01 [ I I I
. ! : | : | : | : | : | : |
400 600 800 1000 1200 1400 1600 1800

Raman Shift (cm™)

Figure 1.

24



0,035 504 cm’”’ 760 cm’” 01411002 cm™ 0,051 1157 cm’”
p =0,0001 p < 0,0001 p<0,0001 p <0,0001
. 0,025 |
0,030 0,04
Cory 012
3 .
A ¢ 5
2 0025 0,03
= 0020
% 010}
E
= 0,020 0,02
£
g 2 0,015} 008l
0,015 U ¥ 0,01 s
0,010 L L 0,010 L L 0,06 L L 0,00 T T
HC CcD HC cD HC CD HC cD
004511233 cm’” 0061412 cm™ 0051524 cm’™ 1655 cm’”!
p <0,0001 p = 0,0007 p <0,0001 0,08 p=0,004
1 | 1
—~ 0040
] 005}
o
2
= 0035
8
E 0,04 1
5 0,030
£
]
o 003}
0,025 3
0,020 o] . 0,02 .
HC CcD HC
Figure 2.
1,0
41 _
Q
o 08|
8 5|
5 2
= z
I S 08
Q L =
2 0 @
Sl 04
[=
@
g 0,2
o 4r . :
-6 1 1 0,0 1 L L 1 1
0,0 0,2 04 08 08 1,0

Figure 3.

CD

1-Specificity

25



0.035 - 504 cm-! .18 1002 cm™’
5002 p = 0.0001 008 p=0.01
0,030 p=0 b=
=S ns. 0,14 + n.s.
= . p < 0.0001 p=0.007
20025}
§z 012}
[5] i'
€ 0020 - B P - = L
= : 010} e
© . L 1]
0015} - -
g : é . S A :
o . 008}
0010}
. . f f . . . .
HC B1 B2 B3 HC B1 B2 B3
0050 1233 cm™ 005 1524 ¢cm’"
p=0.03 . =0.0002
005, p = 0.0005 e 004} p = 0.0006 e :
= p=0 n.s. = p=0.02
S o040}
P 003 &
] LK w =~
& 0,035 R 3 .
£ H o oo2f | &
£ -~ ar
Je _ =
S o030} ] EN P .
B - 001}
§ e 4 i
o 0,025 .
000}
0'020 . I L L 1 L L I
HC B1 B2 B3 HC B1 B2 B3

Figure 4.

26



