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ORIGINAL ARTICLE

Cell-centred meta-analysis reveals baseline predictors
of anti-TNFo. non-response in biopsy and blood of

patients with IBD
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Haggai Bar-Yoseph, Sigal Pressman,” Roni Weisshof, Idan Goren,®’

Keren Rabinowitz,”® Matti Waterman,? Henit Yanai,®”® Iris Dotan,®’® Edmond Sabo,’
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ABSTRACT

Objective Although anti-tumour necrosis factor alpha
(anti-TNFou) therapies represent a major breakthrough

in IBD therapy, their cost—benefit ratio is hampered by
an overall 30% non-response rate, adverse side effects
and high costs. Thus, finding predictive biomarkers of
non-response prior to commencing anti-TNFo. therapy is
of high value.

Design We analysed publicly available whole-genome
expression profiles of colon biopsies obtained from
multiple cohorts of patients with IBD using a combined
computational deconvolution—meta-analysis paradigm
which allows to estimate immune cell contribution to the
measured expression and capture differential requlatory
programmes otherwise masked due to variation in
cellular composition. Insights from this in silico approach
were experimentally validated in biopsies and blood
samples of three independent test cohorts.

Results We found the proportion of plasma cells as

a robust pretreatment biomarker of non-response to
therapy, which we validated in two independent cohorts
of immune-stained colon biopsies, where a plasma
cellular score from inflamed biopsies was predictive

of non-response with an area under the curve (AUC)

of 82%. Meta-analysis of the cell proportion-adjusted
gene expression data suggested that an increase in
inflammatory macrophages in anti-TNFo. non-responding
individuals is associated with the upregulation of

the triggering receptor expressed on myeloid cells 1
(TREM-1) and chemokine receptor type 2 (CCR2)-
chemokine ligand 7 (CCL7) —axes. Blood gene expression
analysis of an independent cohort, identified TREM-1
downregulation in non-responders at baseline, which
was predictive of response with an AUC of 94%.
Conclusions Our study proposes two clinically feasible
assays, one in biopsy and one in blood, for predicting
non-response to anti-TNFo. therapy prior to initiation of
treatment. Moreover, it suggests that mechanism-driven
novel drugs for non-responders should be developed.

INTRODUCTION

Inflammatory bowel diseases (IBDs) consist
primarily of ulcerative colitis (UC) and Crohn’s
disease (CD) and are prevalent in the industrialised

Significance of this study

What is already known on this subject?

» Antitumour necrosis factor alpha (anti-TNFor)
therapy has been shown to be effective for
treating patients with IBD.

» Thirty per cent of patients will be primary non-
responders to anti-TNFo.

» Biological treatment is associated with
side effects, tissue damage secondary to
uncontrolled disease activity and high costs.

» Predictive assays for non-response are hitherto
not available.

What are the new findings?

» A combined statistical deconvolution and
meta-analysis methodology of anti-TNFor-
naive patients with IBD has identified altered
abundance of plasma cells and inflammatory
macrophages in pretreatment intestinal
biopsies of anti-TNFa. responders versus
non-responders.

» Significantly high-plasma cell numbers in anti-
TNFou non-responders were validated in two
independent real-life cohorts of patients with
IBD naive to anti-TNFo therapy.

» Pathway analysis of the cell-adjusted
differentially expressed genes in biopsy
between responders and non-responders
suggests an upregulation of the triggering
receptor expressed on myeloid cells 1
(TREM-1) and chemokine receptor type 2
(CCR2)—chemokine ligand 7 (CCL7) axes in
non-responders.

» TREM-1 expression in the peripheral blood of
patients with Crohn's disease is predictive of
anti-TNFo response at baseline (downregulated
in non-responders) with very high accuracy.

world with increasing incidence in both Western and
low/middle-income countries.! IBD is characterised
by chronic intestinal inflammation, driven both by
the innate and adaptive immune systems, although
their pathogenesis is not completely understood.”
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Significance of this study

How might it impact on clinical practice in the foreseeable

future?

» A clinically predictive assay to anti-TNFo. therapy can be
developed using immunohistochemistry staining of paraffin-
embedded intestinal biopsy taken during colonoscopy.

» TREM-1 expression in blood can be developed as a non-
invasive diagnostic of non-response to anti-TNFo: therapy at
baseline.

» TREM-1 and/or its downstream regulated axis CCR2—CCL7
can serve as an alternative therapeutic target for patients
with refractory IBD.

The advent of anti-tumour necrosis factor alpha (anti-TNFa)
therapy was a major breakthrough for IBD treatment and was
shown to be effective for treating various forms of disease.’

However, anti-TNFo. therapy remains suboptimal for several
reasons: treatment choice and administration is empirical and
based on data obtained from the ‘average patient’ in clinical
trials. This practice is associated with insufficient remission rates
that results from primary non-response (20%-40% in clinical
trials; 10%-20% in real-life cohorts)* and from loss of response
commonly due to immunogenicity and increased anti-TNFo
clearance in 139%-249% of patients at 12 months.’ Beyond that,
the treatment is associated with adverse side effects,® is expen-
sive and each therapeutic attempt requires waiting the antici-
pated time for response during which the disease is active and
damage accumulates. Taken together, there is an urgent unmet
need for predicting response prior to treatment initiation to
reduce healthcare costs and avoid unnecessary treatment.

Several attempts have been made to define a baseline signa-
ture of anti-TNF response in patients with IBD using genetics,’ ®
microbiome’ and gene expression data.!®*® Yet, no predictive
biomarker is in clinical practice. Here, we used a combined
statistical deconvolution multicohort analysis approach to iden-
tify biomarkers in colon biopsies and peripheral blood to predict
anti-TNFo. response in patients with IBD and validated them in
real-life cohorts.

MATERIALS AND METHODS
More detailed information is described in the online supplemen-
tary methods section.

Public IBD gene expression data and reported gene
signatures
We obtained colon biopsy gene expression data and patient
infliximab (IFX, an anti-TNFo agent) responsiveness from
published studies!® '! available in Gene Expression Omnibus
(GEO) and consist of two cohorts of patients with UC (UC-A
and UC-B) and one patient cohort with CD (CDc). No signifi-
cant differences in clinical parameters were observed in any of
these cohorts at baseline. In addition, we gathered six reported
signatures'® "' '* 5 predictive of IFX response consisting in total
of 109 unique genes (table 1, online supplementary table 1 and
methods), as well as blood gene expression data profiling patients
with IBD for whom endoscopic disease activity was assessed.'®
For initial assessment of cell-type expression pattern of these
signature genes, we created a combined cell-type gene expres-
sion matrix from 130 sorted cell-type samples from immune
response in silico (IRIS) and the human body index (GSE7307),
normalised each dataset, batch corrected and standardised by

Table 1  Colon biopsy discovery cohorts (in silico)—IBD predictive
gene signatures and patient cohorts used in the immune contribution
analysis and cell-type meta-analysis, respectively

Signature/ Genesin IBD m GEO Associated
cohort* signature type R NR dataset publication
UC-A 20 uc 8 16 GSE14580 10
UC-B 20 uc 12 10  GSE12251 101415
UC-B-knn 19
IRRAT 29
UC-AB% 53 uc 8 16 GSE14580 10

12 10  GSE12251
CDc 20 [€)] 12 7 GSE16879 11

*Details of the previously reported gene signatures, grouped according to the
cohort in which they were identified to be predictive of infliximab response.
Underlined names being used as cohort names.

tR/NR number in each cohort

tSignature defined from overlap between cohort UC-A and UC-B.

CDc, Crohn's disease cohort; NR, non-responder; R, responder.

z-score (see online supplementary table 2). We enumerated signa-
ture genes to cell types and lineages by assigning the expression
of each gene to the top-three most expressing subpopulations
(see online supplementary table 3).

Computational deconvolution and meta-analysis

To estimate cell subset proportions, we used a linear regression
framework,”” ™" in which individual samples were regressed
based on a characteristic expression of marker genes expressed
in 17 cell-types (see online supplementary table 4). The resulting
output of this procedure was an estimated frequency of each cell
subset in each sample. These were then rescaled into propor-
tions, arcsinh transformed and compared between groups within
each cohort using Wilcoxon rank sum test. Meta-analysis across
three cohorts was performed using Fisher’s combined proba-
bility test and corrected for multiple comparisons.”® Cell types
having nominal P<0.05 in at least two cohorts and a combined
false discovery rate (FDR) <0.05 were selected for further anal-
ysis. Receiver operating characteristic analyses were performed
by scoring individuals based on the mean gene expression scores
per signature,”’ whereas for cellular biomarkers we used esti-
mated proportions for individual cell subsets or the average stan-
dardised proportions for combined signatures.

Patients in the validation cohorts
We performed analyses of archival slides of patients with IBD in
two cohorts: First, in a preliminary cohort, we included 20 biop-
sies from 16 patients with IBD (eight CD, seven UC, one IBD
unclassified, three patients had more than one biopsy) treated
at the gastroenterology department of the Rambam Health Care
Campus (RHCC). Patient characteristics are represented in
table 2. Clinical response was defined by the attending physician
as clinical and/or endoscopic improvement of IBD-related symp-
toms coupled with a decision to continue IFX therapy, at least
14 weeks after treatment initiation. Non-response was defined
by lack of improvement or aggravation of clinical or endoscopic
presentation or disease symptoms coupled with therapy change.
Colonic biopsies were obtained during endoscopy performed
prior to first IFX treatment. Biopsies were taken from inflamed
and/or uninflamed areas of the colon or ileum.

Second, in a primary validation cohort, we obtained biopsies
from 61 patients with IBD from RHCC and Tel-Aviv Sourasky
Medical Center (TASMC). For this cohort, a decision algorithm
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Table 2 Clinical and demographic characteristics of patients included in the study

Characteristics IFX non-responders* IFX responders*

Cohort validation 1—biopsy IHC

Biopsy number 8 12
IBD type (CD/UC/IBDU) 3/411 8/4/0
Analysed biopsy (normal/inflamed) 3/5 3/9
Gender (M/F) 3/5 3/9
Age (years) 40.3+12.5 47.2+19.1
Disease duration (years) 12.5+4.3 17+4.2
Age at diagnosis (A1/A2/A3/NA)t 1/3/0/4 0/4/4/4
Location (L1/L2/L3/NA) for CD# 0111 0/3/3/2
Location (E1/E2/E3/NA) for UC§ 017211 0/0/311
Behaviour (B1/B2/B3/NA) for CDY| 0/0/211 2/0/1/5
Perianal disease (yes/no) 3/5 1M
Biopsy location** 2/0/11/1/2/0/2 3121211121072
Concurrent therapy (steroids/thiopurine/antibiotics)tt 11210 21110
Past anti-TNFo (adalimumab) exposure (yes/no) 2/6 1M
Time range prior to treatment (month) 0(0-3) 7 (0-93)
Cohort validation 2—biopsy IHC
Medical centre (RHHC/TASMC) 6/17 15/14
Patient number 23 29
IBD type (CD/UC) 914 20/9
Analysed biopsy (normal/inflamed) 122 227
Gender (M/F) 11712 12117
Age (years) 44.3+11.7 34+13
Disease duration (years) 14.8+9.6 9.6+7.8
Age at diagnosis (A1/A2/A3)t 3/13/7 412213
Location (L1/L2/L3) for CD% 0/3/6 0/9/11
Location (E1/E2/E3) for UC§ 0/717 0/3/6
Behaviour (B1/B2/B3) for CDY| 71072 16/4/0
Perianal disease (yes/no) 3/20 10/19
Biopsy location** 2/0/6/9/5/1 2/0/3/5/0/4
Concurrent therapy (steroids/thiopurine/antibiotics)tt 10/5/2 131212
Past anti-TNFo. (adalimumab) exposure (yes/no) 1122 0/29
Time range prior to treatment (median month) 1(0-3) 2 (0-10)
Cohort 3—Dblood gene expression
Patient number 5 17
IBD type (CD/UC) 5/0 17/0
Gender (M/F) 213 11/6
Age (years) 40+14.9 36.1+13.6
Disease duration (years) 10.4+9 8.5+8.9
Age at diagnosis (A1/A2/A3)t 22N 11313
Location (L1/L2/L3)% 1173 8/1/8
Behaviour (B1/B2/B3)§ 11212 51715
Perianal disease (yes/no) 312 3114
Concurrent therapy (steroids/thiopurine/antibiotics) 2/5/0 9/11/0
HBI+# 7.2+8.6 (0-22) 3.6+3.5 (0-13)
Calprotectintt 1765 (30-1800) 604 (30-1800)
CRP+# 24.8+29.5 (3.1-83) 17.8+29.3 (1.6-126)

*According to response classification as detailed in ‘Methods'.

tMontreal classification—age <16 years/17-40years/>40years.

$Montreal classification—ileal/colonic/ileocolonic.

§Montreal classification—proctitis/left-side/pancolitis.

fIMontreal classification—inflammatory/structuring/penetrating.

**Ascending colon/transverse colon/descending colon/sigmoid/rectum/non-informed colonic segment/small intestine.

t1For cohorts 1-2—at the time when biopsy was taken. For cohort 3—concurrent with IFX.

+$At baseline.

CD, Crohn's disease; CRP, C reactive protein; F, female; IBDU, IBD unclassified; IFX, infliximab; IHC, immunohistochemistry; M, male; RHCC, Rambam Health Care Campus; TASMC,
Tel-Aviv Sourasky Medical Center; TNFot, tumour necrosis factor alpha.
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was used to determine response (see online supplementary
methods).

For blood validation by gene expression analysis, whole blood
was obtained at baseline from 22 patients with IBD treated
with IFX in PaxGene tubes. RNA was extracted and assayed
using Affymetrix Clariom S chips. Data are available in GEO
as GSE107865. Response was defined using the same algorithm
(see online supplementary methods). No significant difference
in C reactive protein (CRP) or Harvey-Bradshaw index (HBI)
were noted at baseline between response groups (P=0.66, 0.22,
respectively).

This study was performed in accordance with the Declara-
tion of Helsinki and was approved by the institutional ethics
committee of RHCC and TASMC (August 2016, Israel).

Immunohistochemistry

Formalin-fixed slides of paraffin-embedded colon or ileum
tissues, sectioned at 4 um, were immunostained for the expres-
sion of plasma cells (CD138+, obtained from Serotec, clone
B-A38, dilution 1:250) in both cohorts and for inflammatory
macrophages (CD68+ and CD86+ from Abcam, clone EP1158Y,
1:100) in the preliminary cohort. Slides were deparaffinised and
Polink-1 HRP Broad Spectrum DAB Detection Kit (GBI labs) was
used for detection according to the manufacturer’s instructions.

Staining data analysis

Slides were interpreted by an expert pathologist blind to
response attributes. A specific cell abundance categorical index
between 0 and 3 was determined by the pathologist for plasma
cells and inflammatory macrophages. A minimal number of
cells was scored as ‘0°, the highest abundance which was seen
within all slides was scored as ‘3’. In addition, slides were coded
and scanned by an automatic slide scanner 250 Flash. Intestinal
crypts, muscles and lymphatic follicles were excluded in each
tissue to evaluate cell proportions in the stroma only. Whole-
tissue area quantification was performed using ImagePro Premier
software V.9.3. CD138+ stainingarea was determined with
the same colour cut-off for all patients, and the ratio between
CD138+ stainingand the whole-tissue area (in pixels) was eval-
uated by a researcher blind to response attributes.

RESULTS

Gene expression signatures for anti-TNFa non-response show
contributions from distinct immune cell subsets

Reported gene expression signatures of anti-TNFo response
from biopsy show an enrichment for broad immune response
categories but have not directly been implicated with particular
immune cell subsets. We checked what was the likely cellular
origin of expression of 109 genes extracted from six different
reported signatures associated with baseline anti-TNFo non-re-
sponse (table 1; online supplementary table 1 and figure 1). To
do so, we analysed the relative expression pattern of these genes
across a compendium of assembled profiles from sorted immune
cell subsets and normal bulk colon tissue biopsies available in the
public domain (see online supplementary table 2).

Clustering the expression profiles of these signature genes
across sorted cell subsets suggested that three distinct lineages
contribute to non-response to anti-TNFo treatment (figure 1):
first, myeloid lineage cells subsets expressing 70% of signa-
ture genes; second, B-cell lineage cell subsets in which 30% of
signature genes were expressed and third, T and NK cells genes,
which together comprised 30% of genes in the collective signa-
ture (see online supplementary table 3). Of note, only 15% of

signature genes were denoted as highly expressed in the bulk
colon samples, and of these, the majority were also noted to
be highly expressed in the B-cell lineage. Taken together, the
majority of anti-TNF response signature genes are more highly
expressed by immune cell subsets, with non-overlapping gene set
contributions stemming from a myeloid and B-lineage-associated
cell subsets. This further suggested that resident or infiltrating
leucocyte populations within biopsy tissues could constitute a
good baseline predictor of non-response.

Meta-analysis identifies cell type proportion differences
between response groups at baseline and following
treatment

Bulk gene expression measurements of a tissue may be strongly
confounded by variation in cell subsets.'” ** Given the distinct
immune cell subset associated genes in anti-TNFa response gene
signatures, we hypothesised that the signature-identified genes
may be due to variations in cell subset proportions between indi-
viduals. To test this hypothesis, we used a computational gene
expression deconvolution approach!” to estimate the relative
composition of 17 immune cell subsets in each sample of three
publicly available IBD cohorts (table 1, cohorts UC-A, UC-B
and CDc, 65 samples total), from which the previously reported
predictive gene signatures were individually derived (see online
supplementary tables 3 and 4). We then tested for differences
in cellular proportions between anti-TNFo therapy responders
and non-responders (see online supplementary figure 2 and
table 5). To ensure robustness of our downstream analyses, we
considered only those cell types for which at least 75% of the
samples had non-zero estimated proportions and performed
a meta-analysis of cellular proportion differences across all
three cohorts by combining P values for cell subset differences
between response groups across cohorts. Our analysis identi-
fied two cell subsets, macrophages and plasma cells, which were
significantly different in at least two out of the three discovery
cohorts (nominal P value <0.05) and passed a combined false
discovery rate of 5% (figure 2A, online supplementary figure 3).
The proportions of both cell subsets were significantly higher
in non-responders than in responders. These differences were
maintained between response groups even following adjustment
to CRP messenger RNA (mRNA) levels (P value for macrophage/
plasma cell response differences in a linear model adjusted for
CRP: 0.008/0.031, 0.021/0.869, 0.001/0.010). Repeating the
same analysis in a second time point, available for UC-A and
CDc for 4-6 weeks post-treatment, we observed a significant
decrease in both cell subset abundances, which was independent
of response in UC but statistically significant only in responders
in CD (FDR=<0.05, figure 2C-D). Importantly, both cell subset
proportions were still significantly higher in non-responders
post-treatment (FDR<0.05, online supplementary figure 4).
Overall, this showed that the differences observed at baseline in
macrophages and plasma cell abundances were maintained after
treatment initiation, and that successful response to anti-TNFo
was associated with a sharp decrease in these cell subsets.

Baseline plasma cell proportions are predictive of anti-TNFa
non-response

The significant differences we observed in immune cell subset
proportions between response groups suggested they may serve
as clinically feasible predictive biomarkers of non-response.
Adjusting the expression data of each cohort for variations in
the cellular biomarker proportions showed a significant decrease
(a mean drop of 32%) in the ability of gene signature scores

Gaujoux R, et al. Gut 2019;68:604—614. doi:10.1136/gutjnl-2017-315494

607

yBuAdoo Aq paroalold ‘jasul Areiqi-3 1 6T0Z ‘62 Jaquialdas uo /wod g nby/:dny woiy papeojumoq ‘810z Iudy ¢ U0 ¥6¥STE-LT0Z-IUANB/IETT 0T St paysiignd 1suly 1N


https://dx.doi.org/10.1136/gutjnl-2017-315494
https://dx.doi.org/10.1136/gutjnl-2017-315494
https://dx.doi.org/10.1136/gutjnl-2017-315494
https://dx.doi.org/10.1136/gutjnl-2017-315494
https://dx.doi.org/10.1136/gutjnl-2017-315494
https://dx.doi.org/10.1136/gutjnl-2017-315494
https://dx.doi.org/10.1136/gutjnl-2017-315494
https://dx.doi.org/10.1136/gutjnl-2017-315494
https://dx.doi.org/10.1136/gutjnl-2017-315494
https://dx.doi.org/10.1136/gutjnl-2017-315494
https://dx.doi.org/10.1136/gutjnl-2017-315494
http://gut.bmj.com/

Inflammatory bowel disease

| | L] Lineage
- s Lineage
- = 3 OMyeloid
=~ | —_— ENeutrophil
- 2 ENK
- B aT
- | — — 1 @B
i - — e 0 OColon
[ | S — -

- — — 1 Markers
.= — BUC-A
-_—— -2 .UC—AB
— ! @UC-B
b — —_— -3 EUC-B-knn
— — OCDc
= . : BIRRAT

== == —
= - ——
=
m=" = — — _—
= - —
™ l —
- _ (== — —
- - — —_— —
--__ — — —
=
= [ —
555555 z » = =z z o » W zZ 3 » = ®» zZ =zZ =zZ » »
«««««« ) Q D 5] @ o o D ) @ Q @ Q m ) ) Q Q
228000 5 < 9 2 & 9 £ e £ 3 £ 3 £ 5 £ 5 £ =
ﬂﬂﬂﬂﬂﬂ @ S S o = =1 S 3 2] 2 o ° ) © © © 5] o
IR I R g 8 < 8 T w3 T < T z O O @ &°
8 o 3 & 2 S 8 8 w S o 2 2 8 ¥ & 2
e} Q - @ = o (9] =z Q o o
5 & : =8 § ¥ 28 g g § 8
o = 4 7 8 - -] 3
o] @ - 2 2
@ =

Figure 1

Characteristic sorted cell type expression of gene signatures of anti-TNFo. response reported from heterogeneous tissue biopsy show

contributions from distinct immune cell subsets. Analysis of the immune contribution of 109 unique signature genes mapped to a compendium

of sorted cell expression profiles, spanning 17 immune cell subpopulations as well as colon tissue samples. Shown are the contributions (x-axis),
that is, number of genes assigned, for eight major cell lineages (y-axis), highlighted into resting (light shade) and activated/memory (dark shade)
subpopulations. Lineages are ordered by decreasing total contribution, with most signature genes are expressed in the myeloid, B and T-cell lineages
(68%, 13% and 19% of the genes, respectively). Eighty-five per cent of signature genes are expressed in low abundance in bulk healthy colon.

to discriminate responders from non-responders (see online
supplementary figures 5 and 6). These results suggest that the
predictive power of reported gene signatures is largely based on
cell subset proportion differences, whose increase in colon biop-
sies of non-responders may serve for predictive purposes.

Next, we analysed an independent set of 20 paraffin-em-
bedded colon biopsies collected as part of standard clinical care
from patients with IBD for which anti-TNFo response status
was available. These were stained for inflammatory macro-
phages and for plasma cells using IHC staining and assessed for
cell type abundance using a discrete scoring (low/medium/high)
performed by an expert pathologist who was blind to patient
response status (see the Materials and methods section). In
agreement with our computational analysis, we observed both
plasma cells and inflammatory macrophages as associated with
non-response to therapy (figure 3A,B plasma cell area under
the curve (AUC)=71%, 81% by pathologist and quantification,
respectively, inflammatory macrophages AUC=67% by pathol-
ogist), while total macrophages abundance was not predictive
(AUC 489%).

For clinical feasibility, a biomarker must exhibit reproduc-
ibility and ease of use. Plasma cells have a unique morphology
and can be sufficiently defined by a single marker, CD138.%% **
We thus decided to focus on plasma cells and collected a second
cohort consisting of 61 patients from two medical centres (35
responders and 26 non-responders, table 2). We examined plasma
cell frequencies by CD138+ IHCstaining and again observed a

significantly higher frequency of plasma cells in non-responders
as evaluated by an expert pathologist and by automated quan-
tification (P=0.02and P=0.0005 by Student’s t-test, online
supplementary figures 7A-B). This difference enabled predicting
non-response class at baseline (figure 3C, 71% and 74% AUC,
n=>52, supplementary methods), which was further increased
when we restricted our analyses only to highly inflamed tissues
(figure 3D, AUC=82%and 84% by an expert pathologist and
quantitatively, n=20, P=0.005/P=0.002 by Student’s t-test,
online supplementary figure 7C). Taken together, our compu-
tational deconvolution predictions and external validations
confirmed that pretreatment plasma cell abundance is associated
with non-response to anti-TNF treatment and suggested that
relevant immune pathways should be further studied to under-
stand non-response pathophysiology.

A dysregulated gene network masked by cell proportion
variation

Given the differential abundance of inflammatory macro-
phages and plasma cells between the two response groups, we
reasoned that underlying biological signals may be masked by
this difference. To characterise the biological processes associ-
ated with non-response that cannot be explained by cell subsets
differences, we searched for pathways and genes differentially
expressed while adjusting each individual's gene expression
profile for variations in the two cell subsets (see the Materials and
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Figure 2 Meta-analysis of computationally deconvolved cell subset proportions identifies consistently higher proportions of inflammatory
macrophages and plasma cells in non-responders. (A) Plasma cell and macrophage log2 proportion fold change between response groups, across
three cohorts (P values <0.05 by Wilcoxon rank sum are shown in red and grey for significantly higher proportions in non-responders and no
significant changes, respectively). (B,C) Cellular signature abundance decreases while differences persist after anti-TNFo. treatment. Deconvolution-
derived frequencies of inflammatory macrophages (B) and plasma cells (C) pre/post-anti-TNFo. treatment (x-axis). TNFo, tumour necrosis factor alpha.

methods section). We found 15 pathways that were dysregulated
across all cohorts (FDR=0.05) using gene set enrichment anal-
ysis (GSEA),? all of which were upregulated in non-responders
and related to immune signalling and inflammation (figure 4A,
online supplementary figure 8A,B). Most prominent was the
association of non-response with the MyD88 deficiency (which
impairs toll-like receptors (TLR2/4) function), interleukin 6
signalling and antigen activation of B-cell receptor, which had
a substantial fraction of genes in the GSEA-leading edge (64%,
30% and 26% of genes, respectively (see online supplementary
figure 8C)).

At the gene level, we identified 166 differentially expressed
genes (DEG) in at least two cohorts following adjustment to
plasma cells and activated monocytes (62 upregulated and 104
downregulated, P<0.05, online supplementary table 9). We
analysed this set of genes using Ingenuity Pathway Analysis
(IPA), in particular, searching for links to our predictive cellular
biomarkers. One of the topmost enriched networks included 28
genes, including the ligand-receptor pair, chemokine ligand 7
(CCL7)—chemokine receptor 2 (CCR2), which we found to be
upregulated in non-responders (figure 4B, online supplementary

table 11). The CCL7-CCR2 axis has been associated with inflam-
mation”® and upregulated in IBD.?” *® In the mucosa of patients
with IBD, CCL7 is produced by epithelial cells and correlates
with the degree of epithelial destruction at inflammation sites.*
CCL7 is also produced by inflammatory lymphocytes including
plasma cells, whereas CCR2 is expressed primarily on mono-
cytes and mediates their recruitment to inflamed tissues.*®
Interestingly, IPA analysis identified triggering receptor
expressed on myeloid cells 1 (TREM-1) as an upstream regu-
lator of six of the adjustment-derived DEG, including CCL7.%°
TREM-1 is expressed on myeloid lineage cells including mono-
cytes and macrophages, has well-documented proinflammatory
functions and its blockade has shown promising results in attenu-
ation of symptoms in IBD models.>' ** Meta-analysis of TREM-1,
CCL7 and CCR2 gene expression across the public data biopsy
cohorts showed all these genes to be consistently upregulated in
the non-responder group in the original unadjusted measured
data (meta-FDR <0.037). In addition, we directly tested differ-
ential expression of TNF-related genes and found TNFo and
TNFR2 as upregulated in non-responders in the original unad-
justed data (figure 4C), possibly due to TREM-1 activation via
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Figure 3  Abundance of plasma cells and macrophage subtypes in biopsies of patients with IBD predicts anti-TNFo. treatment outcome. (A) Plasma
cells were immunostained with anti-CD138 antibody in an independent set of IBD biopsies. Example staining slides showing visual differences in
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non-responsive patients. (B) ROC curves showing the predictive power of plasma cells (cyan) and inflammatory macrophages (orange) proportions

as quantified by a pathologist categorical score (solid line, AUC=71% and AUC=67%, respectively) and a quantitative score for plasma cells (dashed
line, AUC=81%). (C) ROC curve analysis of a cohort of 52 patients with IBD collected from two medical centres whose biopsies were stained by
CD138+ IHCstaining. Plasma cell abundance classifies non-response at baseline (AUC=71% and AUC=74% by the pathologist and quantitative
scores, respectively). (D) This predictive power increases when restricting to highly inflamed tissues according to the pathologist score (AUC=82% and
AUC=84% by the pathologist and quantitative scores respectively). AUC, area under the curve; CD, Crohn’s disease; IHC, immunohistochemistry; ROC,

receiver operating characteristic.

synergism with TLR signalling. Unlike CCL7 and CCR2, their
expression difference post-adjustment was reduced, suggesting
that TNFa secretion originates from the inflammatory macro-
phages (see online supplementary figure 9).>* Taken together,
these results suggest that CCL7-CCR2 axis is responsible for the
recruitment of inflammatory TNFa secreting macrophages to
the inflamed area, which ultimately impacts response potential.

TREM-1 expression is a predictive biomarker in blood

From the point of view of clinical application, prognostic
tests performed on blood samples are non-invasive and hence
of high value. We looked at whether our findings could lead
towards cellular or molecular biomarkers in blood samples.
To do so, we profiled whole-blood gene expression from a
cohort of 22 patients with CD prior to anti-TNFa therapy,
whose subsequent response status has been determined simi-
larly to the primary biopsy validation cohort criteria (cohort
3 in table 2, and the Materials and methods section). We
focused our analysis on the TREM-1-CCL7-CCR2 axis and
tested these genes in a hypothesis-directed manner only. Of
these, TREM-1 was the only gene differentially expressed

between responders and non-responders (downregulated
in non-responders, adjusted P value=0.007, figure 5A and
online supplementary figure 10) in blood and notably showed
a very high prediction accuracy (figure 5B, AUC=94%).
Importantly, TREM-1 was overall highly expressed (average
log2-expression=11.9) providing further confidence in the
measured signal. In addition, we observed that TREM-1
and CCR2 gene expression levels in blood were correlated
with endoscopic activity in an additional cohort of patients
with UC'® (see the Materials and methods section), further
supporting monitoring of this axis in blood as an important
clinical non-invasive biomarker.

DISCUSSION

Infiltrating and resident immune cells in the intestinal tissue
are key factors in IBD aetiology and progression,®* as such,
we undertook a cell-centred approach to analyse publicly
available datasets of colon biopsies of patients with IBD.
As cell subset variation is the biggest confounder of gene
expression data signals,”> our analysis differs from previous
studies of the same data'®'' > ¥ and clearly delineates cell
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receptor signalling, as well as other inflammatory pathways. (B) Top enriched IPA network identified from meta-analysis of cell subset adjusted gene
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abundance changes from alterations in mRNA expression. We
estimated immune cell subsets proportion in colon biopsies
and show for the first time that the pretreatment abundances
of intestinal plasma cells and inflammatory macrophages
are increased in anti-TNFo non-responders. We validated
plasma cell abundance as a robust biomarker of anti-TNFa

non-response at baseline in two independent cohorts. Akin to
how pathway-level analyses are more reproducible than single
gene-level analysis,® we expect the findings at the cell level
to be more robust and reproducible than gene biomarkers
and easier to derive immunological insights and mechanistic
hypotheses. Beyond this, by explicitly accounting for cellular
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Figure 5 TREM-1 expression in blood predicts anti-TNF non-response at baseline in Crohn's patients. (A) Box plot showing TREM-1 mRNA
expression as measured in whole blood of 22 responding (blue) and non-responding (red) patients with CD, prior to initiation of infliximab therapy.
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variation in the data, we show that the CCR2-CCL7 axis and
its upstream regulator TREM-1 are involved in anti-TNFo
responsiveness mechanism and identify TREM-1 expression
in peripheral blood as a predictor of non-response.

Our findings suggest a link between chronic inflammation and
anti-TNFo. non-response physiology: during intestinal inflam-
mation, inflammatory macrophages secrete proinflammatory
cytokines including TNFo..** 3¢ In the case of anti-TNFo. non-re-
sponders, our analysis suggests increased abundance of inflam-
matory macrophages in the tissue, even prior to treatment. This
likely results in elevated TNFo secretion at the inflammation
site, as evidenced by the increased TNFo mRNA expression we
detected in biopsies. Increased levels of TNFa have been shown
to support plasma cell survival,***” and those in turn, in non-re-
sponders, are also at an increased abundance, as we validated in
two separate patient cohorts. Ongoing inflammation and epithe-
lial damage trigger epithelial-mediated and lymphocyte-me-
diated secretion of CCL7, a promigratory cytokine, which
increases monocyte migration to the inflamed colon where they
differentiate into macrophages. TREM-1 which is an upstream
regulator of the CCL7-CCR2 axis is expressed on monocytes
and macrophages, supported by its reduced differential expres-
sion following cell proportion adjustment. TREM-1 is known to
promote inflammation by driving robust production of inflam-
matory cytokines, including interleukin 8 and TNFa, especially
in context of TLR pathways activation.*® ** In addition, TREM-1
was shown to be upregulated by various stimuli such as the TLR
ligands, including distinct microbial structures, and directly by
TNFao, possibly suggesting that an altered microbiome compo-
sition between anti-TNFo. responders and non-responders’ can
influence its differential expression as well.

From a physiological perspective, this entire intercellular proin-
flammatory circuitry appears to be upregulated in non-responding
individuals and is also supported by plasma cell accumulation in
the colon mucosa being an early feature of IBD and predictor of

shorter time to clinical relapse.** *! During IFX therapy, circulating
monocytes undergo apoptosis, and a shift towards proresolving
macrophages occurs in the lamina propria, yielding reduced
inflammation, tissue repair and remission.”® *** Our analysis
post-treatment suggests this process occurs to a lesser extent in
non-responding individuals implying that the immune milieu
we observe in patients lies along a continuous immune-pheno-
typic inflammatory space, in which non-responders represent an
extreme. If a non-responsive profile is merely a more exacerbated
form of inflammation,'® then an increased drug dose may bring
effective disease remission. In support of this, patients with acute
severe colitis showed increased efficacy when treated with higher
drug doses.**

Conversely, non-responders may represent a phenotypic niche
which is difficult to resolve therapeutically via anti-TNFao treat-
ments, in which case based on baseline detection of non-response
one may elect an alternative therapeutic. Our findings suggest
that blocking the mechanism that draws increased numbers of
plasma cells and inflammatory macrophages to intestinal mucosa
would be of benefit. Indeed, experiments in mice showed that
blocking CCR2, simultaneously with CCRS and CXCR3,
prevents experimental colitis.**~*

From a clinical perspective, a major implication of the current
study is the possibility to predict response to anti-TNF treatment.
As noted, the primary failure rate to anti-TNFo therapy is signif-
icant,’ resulting in accumulation of tissue damage and significant
costs. We have demonstrated two approaches for predicting therapy
response. The first is the quantitation of plasma cell frequency in
the intestinal tissue as quantitated both by an expert pathologist
and digital quantitation. Although yielding valuable physiolog-
ical information, this approach is disadvantaged by the need to
perform pretreatment endoscopy. In addition, the performance of
plasma cells as a cellular biomarker of response was improved as a
function of inflammation severity in the biopsied tissue, indicating
that plasma cell differences between response groups are likely a
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secondary outcome of inflammation. Importantly, our results indi-
cate that measurement of pretreatment peripheral blood TREM-1
expression may serve as a practical, easy to measure predictor for
anti-TNF response. Once relevant cut-off values are determined,
such measurements will allow to personalise treatment, prevent
unnecessary tissue damage and expenditures.

Our study has several limitations. From an analysis perspective,
the reference cell subset gene expression we used for the cellular
deconvolution analysis is not a complete compendium of all of
the immune cell types in the intestine (eg, missing are stromal
cells, innate lymphoid cells, gamma delta T cells and others),
and thus this may affect our interpretation. The biopsy valida-
tion study was performed using real-life pretreatment biopsies
obtained without a predefined study protocol. While reassuring
in terms of clinical relevance and unbiased study population, a
predefined study protocol would potentially allow better clinical
correlation and standardisation needed in the clinical setting, as
well as more standardised tissue sampling. Similarly, the results
obtained from peripheral blood were correlated with clinical
scores and biomarker measurements but not with endoscopic
scoring. Although CRP is more sensitive than clinical scoring to
detect disease activity*® and faecal calprotectin correlates well
with endoscopic scoring,*” the results require further confirma-
tion in a larger standardised clinical trial including endoscopic
treatment outcomes. Additionally, we used data obtained from
both UC and CD patients. While not conforming with the
accepted regulatory approaches for the differential study of these
diseases, this approach may actually represent an investigational
advantage since it relates directly to the biological characteristics
of drug response and thus aids in the dissection of the relevant
molecular events associated with it. Last, our results do not yet
provide an understanding of how these distinct immune milieus
we observed between the response groups come about; to do so
will require longitudinal studies tracking patients with early IBD.

In conclusion, we identify here novel predictors for anti-TNF
therapy in biopsy and blood, stemming from public domain data
and validated on real-life patient cohorts. The statistical meth-
odology we use for discovery, combining cell-centred decon-
volution'” with meta-analysis,”' allows to unmask and better
interpret signals normally hidden from view while increasing
detection power and reproducibility of findings. This method-
ology may of course be extended further into other scenarios
and disease conditions, especially with the vast amounts of data
now available in the public domain.

Author affiliations

"Faculty of Medicine, Technion-Israel Institute of Technology, Haifa, Israel
“CytoReason

*Department of Gastroenterology, Rambam Health Care Campus, Haifa, Israel
“Division of Biomedical Informatics Research, Department of Medicine, Stanford
University, Palo Alto, California, USA

>Stanford Institute for Immunity Transplantation and Infection, Department of
Medicine, Stanford University, Palo Alto, California, USA

®Department of Gastroenterology and Liver Diseases, IBD Center, Tel Aviv Sourasky
Medical Center, Tel Aviv, Israel

"Sackler Faculty of Medicine, Tel Aviv University, Tel Aviy, Israel

®Division of Gastroenterology, Rabin Medical Center, Petah Tikva, Israel
°Department of Pathology, Rambam Health Care Campus, Haifa, Israel

Acknowledgements The authors wish to thank the Israeli IBD Research
Network (IIRN) for discussions and advice. D Cohen for high performance
computing, E Suss-Tuby for imaging support and members of our laboratories for
fruitful discussions.

Contributors RG, FV, ESt, NM,SP, PK, YC and SSS-O designed the research; RG, ESt,
NM, FV and ESa analysed the data; ESt, NM, ESa and SP performed the experiments;
HB-Y, SP, RW, IG, MW,KR, HY, ID, ESa and YC contributed to clinical part; RG, ESt,
NM, FV, PK, YC and SSS-O wrote the manuscript.

Funding This work was supported by funding of the Helmsley Charitable Trust
to YC, SS5-0 and ID. PK is funded by the NIH'NIAID (grants U19A1109662, U
19A1057229, and U541117925) and the Bill and Melinda Gates Foundation. FV
by NIH K12 fellowship #5K12HL120001-02 , RG was funded by the Lady Davis
postdoctoral fellowship and by NIH'NIAID U19AI090019.

Competing interests YC declares Abbvie grant support, advisory and lecture
fees, Janssen advisory and lecture fees, Takeda grant support and advisory and
lecture fees, Pfizer advisory and lecture fees and Protalix Advisory fees. RG

and ESt declares CytoReason equity and advisory fees. RG declares equity in
CytoReason. SSO-0 declares CytoReason equity and advisory fees and Takeda
grant support.

Patient consent Obtained.
Ethics approval RAMBAM hospital IRB, Ichilov hospital IRB.
Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work
is properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the
article) 2019. All rights reserved. No commercial use is permitted unless otherwise
expressly granted.

REFERENCES

1 Kaplan GG. The global burden of IBD: from 2015 to 2025. Nat Rev Gastroenterol
Hepatol 2015;12:720-7.

2 Sartor RB. Mechanisms of disease: pathogenesis of Crohn’s disease and ulcerative
colitis. Nat Clin Pract Gastroenterol 8&#38; Hepatol 2006;3:390-407.

3 Targan SR, Hanauer SB, van Deventer SJ, et al. A short-term study of chimeric
monoclonal antibody cA2 to tumor necrosis factor alpha for Crohn’s disease. Crohn's
Disease cA2 Study Group. N Engl J Med 1997;337:1029-35.

4 Ben-Horin S, Kopylov U, Chowers Y. Optimizing anti-TNF treatments in inflammatory
bowel disease. Autoimmun Rev 2014;13:24-30.

5 Ben-Horin S, Chowers Y. Tailoring anti-TNF therapy in IBD: drug levels and disease
activity. Nat Rev Gastroenterol Hepatol 2014;11:243-55.

6 Rosenblum H, Amital H. Anti-TNF therapy: safety aspects of taking the risk.
Autoimmun Rev 2011;10:563-8.

7 Khor B, Gardet A, Xavier RJ. Genetics and pathogenesis of inflammatory bowel
disease. Nature 2011;474:307-17.

8 Dubinsky MC, Mei L, Friedman M, et al. Genome wide association (GWA) predictors
of anti-TNF alpha therapeutic responsiveness in pediatric inflammatory bowel disease.
Inflamm Bowel Dis 2010;16:1357-66.

9 Magnusson MK, Strid H, Sapnara M, et al. Anti-TNF therapy response in patients with
ulcerative colitis is associated with colonic anti-microbial peptide expression and
microbiota composition. J Crohn’s Colitis 2016::jjw051.

10 Avrijs |, Li K, Toedter G, et al. Mucosal gene signatures to predict response to infliximab
in patients with ulcerative colitis. Gut 2009;58:1612-9.

11 Avrijs |, Quintens R, Van Lommel L, et al. Predictive value of epithelial gene
expression profiles for response to infliximab in Crohn’s disease. Inflamm Bowel Dis
2010;16:2090-8.

12 Mesko B, Poliska S, Vancsa A, et al. Peripheral blood derived gene panels predict
response to infliximab in rheumatoid arthritis and Crohn’s disease. Genome Med
2013;5:59.

13 West NR, Hegazy AN, Owens BMJ, et al. Oncostatin M drives intestinal inflammation
and predicts response to tumor necrosis factor-neutralizing therapy in patients with
inflammatory bowel disease. Nat Med 2017;23:788-9.

14 Katherine Li FB. Biomarkers for anti-tnf treatment in ulcerative colitis and related
disorders. 2009 https://www.google.com/patents/W02010044952A3?cl=en
(accessed 11 Sep 2017).

15 Halloran B, Chang J, Shih DQ, et al. Molecular patterns in human ulcerative colitis and
correlation with response to infliximab. Inflamm Bowel Dis 2014;20:2353-63.

16 Planell N, Masamunt MC, Leal RF, et a/. Usefulness of transcriptional blood biomarkers
as a non-invasive surrogate marker of mucosal healing and endoscopic response in
ulcerative colitis. / Crohns Colitis 2017;11:1335-46.

17 Shen-Orr SS, Gaujoux R. Computational deconvolution: extracting cell type-specific
information from heterogeneous samples. Curr Opin Immunol 2013;25:571-8.

18 Abbas AR, Wolslegel K, Seshasayee D, et a/l. Deconvolution of blood microarray data
identifies cellular activation patterns in systemic lupus erythematosus. PLoS One
2009;4:¢6098.

19 Gaujoux R, Seoighe C. CellMix: a comprehensive toolbox for gene expression
deconvolution. Bioinformatics 2013;29:2211-2.

20 Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practical and powerful
approach to multiple testing. J R Stat Soc Ser B 1995;57:289-300.

Gaujoux R, et al. Gut 2019;68:604—614. doi:10.1136/gutjnl-2017-315494

613

yBuAdoo Aq paroalold ‘jasul Areiqi-3 1 6T0Z ‘62 Jaquialdas uo /wod g nby/:dny woiy papeojumoq ‘810z Iudy ¢ U0 ¥6¥STE-LT0Z-IUANB/IETT 0T St paysiignd 1suly 1N


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1038/nrgastro.2015.150
http://dx.doi.org/10.1038/nrgastro.2015.150
http://dx.doi.org/10.1056/NEJM199710093371502
http://dx.doi.org/10.1016/j.autrev.2013.06.002
http://dx.doi.org/10.1038/nrgastro.2013.253
http://dx.doi.org/10.1016/j.autrev.2011.04.010
http://dx.doi.org/10.1038/nature10209
http://dx.doi.org/10.1002/ibd.21174
http://dx.doi.org/10.1136/gut.2009.178665
http://dx.doi.org/10.1002/ibd.21301
http://dx.doi.org/10.1186/gm463
http://dx.doi.org/10.1038/nm0617-788d
https://www.google.com/patents/WO2010044952A3?cl=en
http://dx.doi.org/10.1097/MIB.0000000000000239
http://dx.doi.org/10.1093/ecco-jcc/jjx091
http://dx.doi.org/10.1016/j.coi.2013.09.015
http://dx.doi.org/10.1371/journal.pone.0006098
http://dx.doi.org/10.1093/bioinformatics/btt351
http://gut.bmj.com/

Inflammatory bowel disease

21 Khatri P, Roedder S, Kimura N, et al. A common rejection module (CRM) for 37 Cassese G, Arce S, Hauser AE, et al. Plasma cell survival is mediated by
acute rejection across multiple organs identifies novel therapeutics for organ synergistic effects of cytokines and adhesion-dependent signals. J Immunol
transplantation. J Exp Med 2013;210:2205-21. 2003;171:1684-90.

22 Whitney AR, Diehn M, Popper SJ, et al. Individuality and variation in gene expression 38 Schenk M, Bouchon A, Birrer S, et al. Macrophages expressing triggering receptor
patterns in human blood. Proc Nat/ Acad Sci U S A 2003;100:1896-901. expressed on myeloid cells-1 are underrepresented in the human intestine. J Immunol

23 Chilosi M, Adami F, Lestani M, et al. CD138/syndecan-1: a useful 2005;174:517-24.
immunohistochemical marker of normal and neoplastic plasma cells on routine 39 Bouchon A, Facchetti F, Weigand MA, et al. TREM-1 amplifies inflammation and is a
trephine bone marrow biopsies. Mod Pathol 1999;12:1101-6. o crucial mediator of septic shock. Nature 2001;410:1103-7.

24 Scott BB, Goodall A, Stephenson P, et al. Rectal mucosal plasma cells in inflammatory 40 Villanacci V, Antonelli E, Reboldi G, et al. Endoscopic biopsy samples of naive
bowel disease. Gut 1983;24:519-24. ] ] "colitides" patients: role of basal plasmacytosis. J Crohns Colitis 2014;8:1438-43.

25 Subramanian A, Tamayo F, Mootha VK, et al. Gene set enrichment analysis: a 41 Bitton A, Peppercorn MA, Antonioli DA, et a/. Clinical, biological, and histologic
knowledge-based approach for interpreting genome-wide expression profiles. Proc parameters as predictors of relapse in ulcerative colitis. Gastroenterology

26 Moser B, Wolf M, Walz A, et a/.. Chemoklnes: multiple levels of leukocyte migration 42 Lugering A, Schmidt M, Ligering N, et al. Infliximab induces apoptosis in monocytes
cqntrbol. Trends /mmuno/ 20?435.}? 5_8?‘ 4 chemoki n th from patients with chronic active Crohn’s disease by using a caspase-dependent

27 Ajue or MN.’ S\lNam M/G' Roe? ¢ 3282!?855?1”3;4?0 Ine receptors in the pathway. Gastroenterology 2001;121:1145-57.
gastrointestinal tract. Immunology RS RITE 43 Vos AC, Wildenberg ME, Arijs |, et al. Regulatory macrophages induced by

28 Banks C, Bateman A, Payne R, et al. Chemokine expression in IBD. Mucosal S ) ! S o )

! o o ) . ™ , infliximab are involved in healing in vivo and in vitro. Inflamm Bowel Dis
chemokine expression is unselectively increased in both ulcerative colitis and Crohn's 2012:18:401-8
disease. J Pathol 2003;199:28-35. S ’ e . . )
) 44 Gibson DJ, Heetun ZS, Redmond CE, et al. An accelerated infliximab induction regimen

29 Wedemeyer J, Lorentz A, Goke M, et al. Enhanced production of monocyte . . ) . b
chemotactic protein 3 in inflammatory bowel disease mucosa. Gut 1999;44:629-35 reduces the need for early colectomy in patients with acute severe ulcerative colitis.

30 Colonna M. TREMs in the immune system and beyond. Nat Rev Immunol Clin Gastroenterol Hepatol 2.01 5;13:330_5'. .
2003:3:445-53 45 Tokuyama H, Ueha S, Kurachi M, et al. The simultaneous blockade of chemokine

31 Weber B, Schuster S, Zysset D, et al. TREM-1 deficiency can attenuate disease severity receptor; CCR2, CCRS_ and CXCR3 by a nqn-peptlde Chem‘?k'”e rec_e_ptor
without affecting pathogen clearance. PLoS Pathog 2014;10:e1003900. antagonist protects mice from dextran sodium sulfate-mediated colitis. /nt Immunol

32 Schenk M, Bouchon A, Seibold F, et al. TREM-1— expressing intestinal macrophages 2905;17:1023_3_4' ) o o
crucially amplify chronic inflammation in experimental colitis and inflammatory bowel 46 Kim CH. Chemokine-chemokine receptor network in immune cell trafficking. Curr
diseases. J Clin Invest 2007:117:3097—106. Drug Targets Immune Endocr Metabol Disord 2004;4:343-61.

33 Tammaro A, Derive M, Gibot S, et a. TREM-1 and its potential ligands in 47 Tsou CL, Peters W, SiY, et al. Critical roles for CCR2 and MCP-3 in monocyte
non-infectious diseases: from biology to clinical perspectives. Pharmacol Ther mobilization from bone marrow and recruitment to inflammatory sites. J Clin Invest
2017:177:81-95. 2007;117:902-9 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1810572/pdf/

34 Abraham C, Medzhitov R. Interactions between the host innate immune system and JC10729919.pdf.
microbes in inflammatory bowel disease. Gastroenterology 2011;140:1729-37. 48 Peyrin-Biroulet L, Reinisch W, Colombel JF, et al. Clinical disease activity, C-reactive

35 Khatri P, Sirota M, Butte AJ. Ten years of pathway analysis: current approaches and protein normalisation and mucosal healing in Crohn’s disease in the SONIC trial. Gut
outstanding challenges. PLoS Comput Biol 2012;8:¢1002375. 2014;63:88-95.

36 Lissner D, Schumann M, Batra A, et al. Monocyte and M1 macrophage-induced barrier 49 D'Haens G, Ferrante M, Vermeire S, et al. Fecal calprotectin is a surrogate marker
defect contributes to chronic intestinal inflammation in IBD. Inflamm Bowel Dis for endoscopic lesions in inflammatory bowel disease. Inflamm Bowel Dis
2015;21:1-305. 2012;18:2218-24.

614 Gaujoux R, et al. Gut 2019;68:604—614. doi:10.1136/gutjnl-2017-315494

yBuAdoo Aq paroalold ‘jasul Areiqi-3 1 6T0Z ‘62 Jaquialdas uo /wod g nby/:dny woiy papeojumoq ‘810z Iudy ¢ U0 ¥6¥STE-LT0Z-IUANB/IETT 0T St paysiignd 1suly 1N


http://dx.doi.org/10.1084/jem.20122709
http://dx.doi.org/10.1073/pnas.252784499
http://dx.doi.org/10.1136/gut.24.6.519
http://dx.doi.org/10.1073/pnas.0506580102
http://dx.doi.org/10.1073/pnas.0506580102
http://dx.doi.org/10.1016/j.it.2003.12.005
http://dx.doi.org/10.1046/j.1365-2567.2002.01309.x
http://dx.doi.org/10.1002/path.1245
http://dx.doi.org/10.1136/gut.44.5.629
http://dx.doi.org/10.1038/nri1106
http://dx.doi.org/10.1371/journal.ppat.1003900
http://dx.doi.org/10.1172/JCI30602
http://dx.doi.org/10.1016/j.pharmthera.2017.02.043
http://dx.doi.org/10.1053/j.gastro.2011.02.012
http://dx.doi.org/10.1371/journal.pcbi.1002375
http://dx.doi.org/10.1097/MIB.0000000000000384
http://dx.doi.org/10.4049/jimmunol.171.4.1684
http://dx.doi.org/10.4049/jimmunol.174.1.517
http://dx.doi.org/10.1038/35074114
http://dx.doi.org/10.1016/j.crohns.2014.05.003
http://dx.doi.org/10.1053/gast.2001.20912
http://dx.doi.org/10.1053/gast.2001.28702
http://dx.doi.org/10.1002/ibd.21818
http://dx.doi.org/10.1016/j.cgh.2014.07.041
http://dx.doi.org/10.1093/intimm/dxh284
http://dx.doi.org/10.2174/1568008043339712
http://dx.doi.org/10.2174/1568008043339712
http://dx.doi.org/10.1172/JCI29919
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1810572/pdf/JCI0729919.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1810572/pdf/JCI0729919.pdf
http://dx.doi.org/10.1136/gutjnl-2013-304984
http://dx.doi.org/10.1002/ibd.22917
http://gut.bmj.com/

	Cell-centred meta-analysis reveals baseline predictors of anti-TNFα non-response in biopsy and blood of patients with IBD
	Abstract 
	Introduction﻿﻿﻿﻿
	Materials and methods
	Public IBD gene expression data and reported gene signatures
	Computational deconvolution and meta-analysis
	Patients in the validation cohorts
	Immunohistochemistry
	Staining data analysis

	Results
	Gene expression signatures for anti-TNFα non-response show contributions from distinct immune cell subsets
	Meta-analysis identifies cell type proportion differences between response groups at baseline and following treatment
	Baseline plasma cell proportions are predictive of anti-TNFα non-response
	A dysregulated gene network masked by cell proportion variation
	TREM-1 expression is a predictive biomarker in blood

	Discussion
	References


