Original Article

Cytokine and chemokine profiles in ulcerative
colitis relapse after coronavirus disease 2019

vaccination

Yasuhiro Masuta, Kosuke Minaga, Yasuo Otsuka, Natsuki Okai, Akane Hara, Sho Masaki, Tomoyuki Nagai,

Hajime Honjo, Masatoshi Kudo, and Tomohiro Watanabe*

Department of Gastroenterology and Hepatology, Kindai University Faculty of Medicine, 377-2 Ohno-Higashi, Osaka-Sayama, Osaka 589-8511, Japan

(Received 24 April, 2023; Accepted 12 July, 2023; Released online in J-STAGE as advance publication 16 September, 2023)

Coronavirus disease 2019 (COVID-19) vaccines are highly effective;
however, vaccine-related adverse events, including autoimmunity,
have been reported. Case reports describing relapse or new-onset
of ulcerative colitis (UC) after COVID-19 mRNA vaccination are
available. However, the molecular mechanisms underlying the
development of colonic inflammation associated with COVID-19
mRNA vaccination are poorly understood. Furthermore, it is
unclear whether the relapse of UC after COVID-19 vaccination is
driven by unique cytokine responses that differ from those of UC
not associated with vaccination. mRNAs derived from COVID-19
vaccines are potent inducers of type | IFN response. We
encountered three cases of UC relapse after COVID-19 vaccination.
mRNA expressions of IFN-a, IFN-B, IL-18, and IL-12/23p40 showed
higher tendency in the colonic mucosa of patients with UC
associated with vaccination compared with those not associated
with vaccination. In contrast, the expressions of C-X-C motif
chemokine ligand 9 (CXCL9) and CXCL10 were comparable.
Immunofluorescence analyses also showed higher expression
of IFN-a in the colonic mucosa of patients with UC associated
with COVID-19 vaccination than in those not associated with
vaccination. Taken together, these data suggest that the colonic
mucosa of patients with UC who relapsed after COVID-19
vaccination was characterized by enhanced type | IFN responses.
Key Words: ulcerative colitis, COVID-19 vaccination, type I IFN,
IL-6, CXCL10

C oronavirus disease 2019 (COVID-19) vaccines (BNT162b2
and mRNA-1273) were produced using mRNA-based novel
technologies.!" The rapid development and production of these
mRNA-based vaccines have successfully decreased the number
of deaths and severe illnesses associated with severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection.
Immunization with these COVID-19 mRNA vaccines is strongly
recommended because of their safety and efficacy. A two-dose
regimen of BNT162b2 and mRNA-1273 showed approximately
95% protection against COVID-19-related severe illness and
death.? Although patients with inflammatory bowel disease
(IBD) treated with infliximab or tofacitinib display reduced
production of antibodies (Abs) against SARS-CoV-2, rates of
infections and hospitalizations are comparable between the
general populations and patients with IBD.*9 Therefore, patients
with IBD are strongly recommended to receive immunization
with these mRNA vaccines for protection against SARS-CoV-2
infection.

Much attention has been paid to the adverse events caused by
these mRNA-based COVID-19 vaccines. The major adverse
events include fever, headache, myalgia, and general fatigue.”
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However, recent studies have reported cases of new-onset or
flare-ups of autoimmune disorders after immunization with
COVID-19 vaccines.” New-onset or flare-up autoimmune
hepatitis, systemic lupus erythematosus (SLE), rheumatoid
arthritis, and adult-onset Still’s disease after immunization with
COVID-19 vaccines have been reported.®'” In line with these
case reports, studies have reported patients with new-onset or
flare-up ulcerative colitis (UC) after COVID-19 mRNA vaccina-
tion.#19) Whether such occurrence of autoimmunity is coinci-
dental or caused by vaccination against SARS-CoV-2 is unclear;
however, Irure-Ventura et al®” reported an increase in the
development of antineutrophil cytoplasmic Abs-associated
vasculitis in 2021 (after COVID-19 vaccination) in comparison
with that in 2019. Thus, we speculate that administering
COVID-19 mRNA vaccines may trigger the development of
immune disorders, including UC.

Upon entry into cells, single-stranded RNA (ssRNA) and
double-stranded RNA (dsRNA) derived from COVID-19 mRNA
vaccines are recognized by toll-like receptor 3 (TLR3), TLR7,
TLRS, retinoic acid-inducible gene-I (RIG-I), and melanoma
differentiation-associated gene 5 (MDAS5).7?) These pattern
recognition receptors (PRRs) are well-established inducers of
type I IFN and pro-inflammatory cytokine responses.’?" We
encountered a case of UC relapse after COVID-19 vaccination,
characterized by enhanced serum type I IFN and IL-6
responses.!® Pro-inflammatory cytokine responses triggered by
PRR activation underlie the immunopathogenesis of UC.?? In
addition, the induction of type I IFN responses followed by a
robust expression of IFN-stimulated genes (ISGs) play
pathogenic roles in the development of experimental colitis and
human UC.?2 Since mRNA vaccination is a strong inducer of
type I IFN responses, it is likely that type I IFNs act together
with pro-inflammatory cytokines to cause colonic inflammation.
COVID-19 vaccination has not been considered to increase the
rate of UC exacerbation;?**” however, robust type I IFN
responses induced by vaccination might worsen the disease.
Therefore, we investigated the cytokine and chemokine
responses in the colon of three patients with UC relapse after
COVID-19 vaccination by focusing on type I IFN responses
compared with those with UC relapse independent of vaccina-
tion.
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Table 1.

Clinical characteristics of patients with COVID19 vaccination-associated ulcerative colitis

Disease Time from
Case Age/Sex vaccination Symptoms Endoscopic findings Biopsy site Pathological findings
type
to flare-up
. Abdo.mmal pain, Invisible vascular Infiltration of immune cells,
1 25 F Pancolitis 4 days diarrhea, . Transverse colon
networks, erosions crypt abscess
bloody stool
Left sided Abdo_mmal pain, Invisible vascular Descending Infiltration of immune cells,
2 38 F colitis 3 days diarrhea, networks, erosions colon loss of goblet cells
bloody stool ' 9
. Invisible vascular ) . .
3 42 F Left s.|<.ied 3-4 days Bloody stool networks, ulcerations, Rectum Infiltration of immune qells,
colitis loss of goblet cells, erosions

erosions

Materials and Methods

Patients with active UC associated with COVID-19 vacci-
nation. According to previous case reports, new onset or flare-
up of autoimmune disorders associated with COVID-19 vaccina-
tion usually occurs within 2 weeks after the vaccination.®'? In
this study, we defined UC flare-ups after COVID-19 vaccination
as exacerbation of UC-associated symptoms and UC aggravation
based on endoscopic findings observed within 2 weeks after
the final vaccination. We report three cases of UC flare-ups
after COVID-19 vaccination. The clinical characteristics of the
patients are summarized in Table 1. Endoscopic disease activity
was assessed based on Mayo endoscopic subscore (MES) in
accordance with previous reports.**?” Histological disease activity
for UC was evaluated using Nancy histological index.%3D

Ethics approval statement. Ethical permission for this
study was granted by the Review Boards of Kindai University
Faculty of Medicine (approval No.: 28-034). Written informed
consent was obtained from each patient.

Case reports for UC flare-up after COVID-19 vaccination.
Case 1: A 25-year-old woman presented with watery diarrhea,
bloody stools, and abdominal pain. She received the first dose of
the COVID-19 vaccine (BNT162b2, BioNTech-Pfizer) 4 days
before the onset of symptoms. She was diagnosed with UC at
age 12, and complete remission has been maintained without
medication since then. Blood examination results were unre-
markable, except for elevated serum C-reactive protein (CRP)
levels (1.71 mg/dl, normal range <0.14). During colonoscopy,
the disappearance of vascular networks, edema, redness, and
erosions was observed in the rectum, transverse colon, and
cecum. Pathological examination of the endoscopic biopsy speci-
mens revealed infiltration of immune cells and crypt abscesses.
These endoscopic and pathological findings were consistent
with those of active UC, and the patient was treated with 5-
aminosalicylic acid (5-ASA, 4,800 mg/day). Symptom relief was
achieved 2 weeks after 5-ASA treatment, and she received a
second dose of the COVID-19 vaccine without UC exacerbation.

Case 2: A 38-year-old woman presented with abdominal
pain, diarrhea, and bloody stools. She was diagnosed with UC at
36 years of age and was initially treated with prednisolone
for induction of remission. She was treated with 5-ASA
(2,400 mg/day) and azathioprine (AZA, 50 mg/day) for UC a
year ago and achieved complete remission. She received the
first and second COVID-19 vaccine doses (BNT162b2) 11 and
10 months before symptom onset, respectively. She received a
third dose of the COVID-19 vaccine (BNT162b2) 3 days before
symptom onset. She developed watery diarrhea, bloody stools,
and abdominal pain. Leukocytosis (15,450/ul, normal range;
3,300-8,600) accompanied by a marked elevation of CRP levels
(12.7 mg/dl) and hypoalbuminemia (2.9 g/dl, normal range; 4.1
5.1) were noted in her blood examination results. Colonoscopy
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revealed multiple erosions and invisible vascular networks in the
rectum, sigmoid colon, and transverse colon. Pathological exami-
nation revealed a loss of goblet cells and infiltration of immune
cells into the lamina propria. She was diagnosed with UC flare-
ups based on endoscopic and pathological findings. She was
treated with increased doses of 5-ASA (4,800 mg/day). Symptom
relief and a reduction in CRP levels were observed after the
escalation of 5-ASA therapy.

Case 3: A 42-year-old woman treated with AZA (100 mg/day)
to maintain UC remission developed bloody stool 3 or 4 days
after the first dose of the COVID-19 vaccine (BNT162b2). She
was initially treated with intrarectal budesonide (4 mg/day),
which decreased the frequency of bloody stools. Subsequently,
she received a second dose of the COVID-19 vaccine
(BNT162b2), which increased the frequency of bloody stools.
Blood examination revealed mild anemia (red blood cell counts,
292 x 10%*ml; normal range, 435-555 x 10% hemoglobin, 9.3 g/dl;
normal range, 13.7-16.8; hematocrit, 28.6%; normal range, 40.7—
50.1) and elevated CRP levels (3.94 mg/dl). Ulcerations,
erosions, and loss of vascular networks were observed in the
rectum, sigmoid, and descending colons. Loss of goblet cells,
accumulation of granulocytes in the lamina propria, and mucosal
erosion were observed in colonic biopsy specimens. These
endoscopic and pathological findings were consistent with those
of active UC. Neither oral administration of prednisolone
(30 mg/day) nor intravenous administration of ustekinumab
(260 mg) or infliximab (5 mg/kg) achieved induction of remis-
sion. She underwent colectomy. As presented in Table 1, the
clinical manifestations of UC flare-ups after COVID-19 vaccina-
tion, including endoscopic and pathological findings, were indis-
tinguishable from those not associated with vaccination.®?

Patients with active UC not associated with COVID-19
vaccination. Ten patients with active UC not associated with
COVID-19 vaccination were also recruited. These patients were
regarded as patients with COVID-19 vaccine-non-associated UC.
Endoscopic biopsy samples from patients with COVID-19
vaccine-non-associated UC were obtained from April 14, 2015,
to February 7, 2021, when none could receive COVID-19
vaccination. Active UC was diagnosed based on endoscopic and
pathological findings as previously described.®**» UC relapse
was defined as aggravation of UC-associated symptoms and UC
aggravation based on endoscopic findings.?*** Endoscopic and
histological disease activities were assessed by MES and Nancy
histological index, respectively. The clinical characteristics of the
patients with active UC not associated with COVID-19 vaccina-
tion are summarized in Table 2. Ethical approval for this study
was obtained from the Review Board of Kindai University
Faculty of Medicine, and written informed consent was obtained
from each patient.

Healthy colonic mucosa samples. Biopsy samples were
obtained from non-tumorous portions of colonic adenoma. Four
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Table 2. Clinical characteristics of patients with COVID19 vaccination-non-associated ulcerative colitis

Disease

Case Age/Sex type Medication Endoscopic findings Biopsy site Pathological findings
1 60 F Left s_|(;ied 5-ASA, a4 B7 integrin antibody Invisible vgscular net\_/vorks, Sigmoid colon Infiltration of immune cells,
colitis ulcerations, bleeding crypt abscess
> 29 F Pancolitis TNF-alpha inhibitor Invisible v§scular net\_/vorks, Rectum Infiltration of immune cells,
ulcerations, bleeding ulcerations
3 49 M Pancolitis 5-ASA Invisible yascular ne_tworks, Rectum Infiltration of immune cells
erosions, bleeding
4 50 F Pancolitis 5-ASA Invisible vascuilar networks, Descending colon Infiltration of immune cells,
erosions crypt abscess
5 78 F Pancolitis 5-ASA Invisible vgscular net\_/vorks, Sigmoid colon Infiltration of immune cells,
ulcerations, bleeding erosions
6 45 F Pancolitis 5-ASA Invisible v::g;l;;snetworks, Ascending colon Infiltration of immune cells
7 79 M Pancolitis Prednisolone, 5-ASA Invisible vgscular netyvorks, Transverse colon Infiltration of immune cells,
ulcerations, bleeding crypt abscess
. . Invisible vascular networks, . . Infiltration of immune cells,
8 60 M Pancolitis Prednisolone, 5-ASA ulcerations, bleeding Sigmoid colon crypt abscess, erosions
9 27 M Pancolitis 5.ASA Invisible v§scular net\_/vorks, Sigmoid colon Infiltration of immune cells,
ulcerations, bleeding erosions
10 2 F Pancolitis 5-ASA Invisible vascu.lar networks, Transverse colon Infiltration of immune cells,
erosions crypt abscess, erosions
patients with colonic adenoma were recruited in this study, Results

including a 55-years old male, a 57-year-old male, a 70-year-old
female, and a 68-year-old male. Biopsy samples were obtained
from the descending colon (n=1), cecum (n =2), and rectum
(n=1).

Quantitative reverse transcription-polymerase chain reac-
tion (qPCR). Colonic biopsy samples were obtained during
endoscopy and subjected to gqPCR as previously described. #3439
gPCR analyses were performed using Quantitect primer assays
(Qiagen, Valencia, CA). Primers for the target genes were
purchased from Qiagen, and SYBR Green-based qPCR was
performed using a LightCycler 480 system (Roche, Tokyo,
Japan). Actin mRNA expression was used as the reference
gene. Non-tumor portions of the colonic mucosa from patients
with colon adenoma (n =4) were considered as healthy colonic
mucosa.

Immunofluorescence analyses. Deparaffinized formalin-
fixed samples were subjected to immunofluorescence analysis as
described previously.®® Samples were incubated with primary
Abs, including mouse anti-IL-6 Ab (Abcam, Cambridge, UK),
FITC-conjugated rat anti-IFN-o. Ab (Miltenyi Biotec, Auburn,
CA), and rabbit anti-TLR7 Ab (Abcam), and incubated with
secondary Alexa 488- or Alexa 546-conjugated rabbit or mouse
IgG (Invitrogen, Carlsbad, CA). Immunofluorescence images
were obtained (Biozero BZ-8100, Keyence, Osaka, Japan),
and the number of stained cells was calculated as previously
described.®337

Statistical analyses. Statistical analysis was performed
using GraphPad Prism (GraphPad Software, San Diego, CA), as
previously reported.®® Differences between the two groups were
assessed using the Mann—Whitney U test, a nonparametric
version of the unpaired ¢ test. Differences between multiple
comparisons were assessed using Kruskal-Wallis test, a nonpara-
metric version of the one-way analysis of variance. For post-hoc
analysis, the Bonferroni-corrected Mann—Whitney U test was
performed for comparison between the two groups. The effects
were considered statistically significant at p<0.05.

Y. Masuta et al.

Distribution of MES and Nancy histological index in
patients with UC flare-ups after COVID-19 vaccination. We
initially examined whether UC flare-ups after COVID-19
vaccination differed from UC flare-ups non-associated with
COVID-19 vaccination based on endoscopic and histological
disease activity. MES and Nancy histological index were used for
evaluation of endoscopic and histologic disease activity, respec-
tively. As shown in Fig. 1, a similar distribution pattern of
disease activity was observed between patients with COVID-19
vaccination-associated UC and those with UC non-associated
with COVID-19 vaccination. Our findings suggest no significant
difference in disease activity between the two patient popula-
tions.

Cytokine and chemokine responses in patients with UC
flare-ups after COVID-19 vaccination. Pro-inflammatory
cytokines, including IL-1B, IL-6, IL-12, IL-23, and TNF-a,
underlie the immunopathogenesis of UC.?*3 We initially
measured the mRNA expression of these cytokines in the colonic
mucosa of patients with UC flare-ups with or without COVID-19
vaccination, as previously described.?*3» The mRNA expression
in the non-tumor portions of patients with colon adenoma served
as samples of healthy colonic mucosa. As shown in Fig. 2 (please
note that the y-axis is a logl0 scale), the mRNA expression of
IL-1B, IL-6, and TNF-o was higher in active UC mucosa than in
healthy colonic mucosa, irrespective of the COVID-19 vaccina-
tion status. No statistically significant difference between healthy
colonic mucosa and active UC mucosa associated with vaccina-
tion was observed because of the limited number of samples in
the latter group. The mRNA expression of IL-12/23p40 was
higher in the active colonic mucosa of patients with UC flare-ups
associated with COVID-19 vaccination than in those not
associated with vaccination. Thus, the colonic mucosa of patients
with UC showed enhanced expression of IL-1B, IL-6, and
TNF-a, irrespective of the COVID-19 vaccination status.

RNAs derived from COVID-19 vaccines are sensed by PRRs,
and they promote type I IFN responses.”?) In this study, we
focused on the expression of type I IFNs. The expression of IFN-

J. Clin. Biochem. Nutr. | March 2024 | vol. 74 | no.2 | 129
©2024 JCBN



A 31 eeoeee [ ] B 4 o

¢) ©

gmz 'é 31 eeeceeee m

{1 eeeoee am

3 9

o] é 2%

'g b 05 2 (Y} ]

o9 £ c

o®d1l- >

> 2 1

= ©

=2
0 T T 0 T T
N We We We
. »&ed _a&ed »@6 ‘a‘ed
o oM oc oM
25° 25° 25° 257
0% o\ 0% e
Cc'\(\e’ 2 CC'\(\e’ o
N ?

Fig. 1.

Distribution of Mayo endoscopic subscore and Nancy histological index in patients with ulcerative colitis (UC) associated with COVID-19

vaccination. Mayo endoscopic subscore (A) and Nancy histological index (B) were determined in patients with UC associated with COVID-19
vaccination (n = 3) and those not associated with COVID-19 vaccination (n = 10).
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Fig. 22 mRNA expression of cytokines and chemokines in the colonic mucosa of patients with ulcerative colitis (UC) associated with COVID-19
vaccination. mRNA was isolated from the colonic mucosa of patients with UC associated with COVID-19 vaccination (n=3) and those not
associated with COVID-19 vaccination (n = 10). Non-tumorous portions of the colonic mucosa in patients with colonic adenomas served as healthy
colonic mucosa (n =4). CXCL9, C-X-C motif chemokine ligand 9; CXCL10, C-X-C motif chemokine ligand 10. Results are expressed as mean = SE.

*p<0.05, **p<0.01.

o4 and IFN-B was higher in the colonic mucosa of patients with
UC associated with COVID-19 vaccination than in those without
the COVID-19 vaccination. C-X-C motif chemokine ligand 9
(CXCL9) and CXCL10 are T helper type 1 chemokines whose
expression is driven by type I IFN and TNF-0.?**) The expres-
sion of CXCL9 and CXCL10 was higher in the colonic mucosa
of patients with UC, irrespective of COVID-19 vaccination
status, than in healthy colonic mucosa. The expression of type I
and type II IFNs (IFN-04, IFN-B, and IFN-y) was higher in the
colonic mucosa of patients with UC associated with COVID-19
vaccination and healthy controls than in patients with UC not
associated with COVID-19 vaccination. Notably, the expression
of IFNs was higher in the colonic mucosa of patients with UC
associated with COVID-19 vaccination than in those of healthy
colonic mucosa, although not statistically significant. Overall,
these chemokine and cytokine analyses revealed that pro-
inflammatory and type I IFN responses were enhanced in the
colonic mucosa of patients with UC associated with COVID-19
vaccination.

Expression of IL-10 and forkhead box p3 in patients with
UC flare-ups after COVID-19 vaccination. Regulatory T cells
(Tregs) expressing forkhead box p3 (FOXP3) contribute to
maintaining intestinal homeostasis.“) IL-10 is a prototypical
anti-inflammatory cytokine produced by Tregs.®>*" To examine
the involvement of Treg activation, the mRNA expression levels
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of IL-10 and FOXP3 were determined. As shown in Fig. 2 and 3
(please note that the y-axis is a logl0 scale), the expression of
FOXP3 and IL-10 was higher in the colonic mucosa of patients
with UC associated with COVID-19 vaccination than in those not
associated with COVID-19 vaccination or in healthy controls,
although the difference was not significant. Thus, the colonic
mucosa of patients with UC associated with COVID-19 vaccina-
tion was characterized by pro-inflammatory cytokine, type I
IFNs, and Treg responses.

Expression of PRRs in patients with UC flare-ups after
COVID-19 vaccination. PRRs recognize dsRNA and ssRNA
derived from COVID-19 vaccines.”?) MDAS5/RIG-I and
TLR3/7/8/9 are cytosolic and endoplasmic PRRs for sensing
RNAs.72D Consistent with the reduced type I IFN responses in
patients with UC flare-ups not associated with COVID-19
vaccination, TLR7 expression was lower in this group than in the
other groups (Fig.3). Comparable expression levels of these
PRRs except for TLR3 were observed in healthy colonic mucosa
and active colonic mucosa of patients with UC flares-ups
associated with COVID-19 vaccination (Fig. 3). TLR7 expres-
sion was higher in the active colonic mucosa of patients with UC
flare-up associated with COVID-19 vaccination than in those
not associated with vaccination, whereas expression of TLR3 and
TLR9 was comparable in both groups.

The expression of signaling molecules associated with type I
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Fig. 3. mRNA expression of molecules associated with type | IFNs and regulatory T cells in the colonic mucosa of patients with ulcerative colitis
(UQ) associated with COVID-19 vaccination. mRNA was isolated from the colonic mucosa of patients with UC associated with COVID-19 vaccination
(n=3) and those not associated with COVID-19 vaccination (n=10). Non-tumorous portions of the colonic mucosa in patients with colonic
adenomas served as healthy colonic mucosa (n = 4). DUBA, deubiquitinating enzyme A; IRF3, IFN regulatory factor 3; MAVS, mitochondrial antiviral
signaling; MDA5, melanoma differentiation-associated gene 5; RIG-I, retinoic acid-inducible gene-I; TLR3, toll-like receptor 3; TRAF3, TNF receptor-
associated factor 3. Results were expressed as mean + SE. *p<0.05, **p<0.01.
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Fig. 4. mRNA expression of cytokines and chemokines in the colonic mucosa of patients with ulcerative colitis (UC) associated with or without
COVID-19 vaccination based on Mayo endoscopic subscore. mMRNA was isolated from the colonic mucosa of patients with UC associated with
COVID-19 vaccination (n = 3) and those not associated with COVID-19 vaccination (n = 10). Patients with vaccine-non-associated UC included five
cases with Mayo endoscopic subscore 2 (MES 2) and five cases with MES 3. Vaccine-associated UC patients include two cases with MES 2 and one

case with MES 3. CXCL9, C-X-C motif chemokine ligand 9; CXCL10, C-X-C motif chemokine ligand 10. Results are expressed as mean + SE.

IFN response was examined. No significant differences in the
expression of mitochondrial antiviral signaling (MAVS), TNF
receptor-associated factor 3 (TRAF3), IFN regulatory factor 3
(IRF3), or IRF7 were observed in the colonic mucosa of patients
with UC with or without COVID-19 vaccination. In contrast, the
expression of deubiquitinating enzyme A (DUBA), a negative
regulator of type I IFN responses,?® was significantly higher
in the colonic mucosa of patients with UC associated with
COVID-19 vaccination than in those not associated with
COVID-19 vaccination.

Relationship between cytokine responses and endoscopic
disease activity in patients with UC flare-ups with or
without COVID-19 vaccination. Expression of some pro-
inflammatory cytokines and chemokines correlates to endoscopic
disease activity.*®?® We analyzed mRNA expression of cytokines
and chemokines based on MES. We could not perform statistical
analyses since three UC flare-up patients were judged as MES 2
(n=2) and MES 3 (n=1). However, we observed much higher
expression of IFN-a4, IFN-B, and TLR7 in the colonic mucosa of
patients with UC flare-ups associated with COVID-19 vaccina-
tion than those non-associated with vaccination, irrespective of
the MES grade (Fig. 4 and 5).

No significant difference in mRNA expression of cytokines
and chemokines was observed in patients with UC flare-ups
non-associated with COVID-19 vaccination based on MES.
The small number of UC cases with MES 2 (n=5) and MES 3

Y. Masuta et al.

(n=15) likely contributed to the lack of significant differences in
cytokine or chemokine mRNA expression. However, mRNA
expression of DUBA, TRAF3, TLR7, and TLRY was signifi-
cantly higher in patients with UC flare-ups non-associated with
vaccination with MES 3 than in those with MES 2 (Fig. 5).
Protein expression of IL-6 and IFN-a in patients with UC
flare-ups after COVID-19 vaccination. Having found that the
colonic mucosa of patients with UC flare-ups associated with
COVID-19 vaccination is characterized by pro-inflammatory
cytokines and type I IFN responses, we examined the protein
expression of IFN-a, IL-6, and TLR7. For this purpose, colonic
biopsy samples were subjected to immunofluorescence analyses.
Consistent with qPCR data, the protein expression of IFN-a was
higher in patients with UC flare-ups associated with COVID-19
vaccination than in those not associated with COVID-19 vaccina-
tion (Fig. 6A). In contrast, IL-6 expression was higher in patients
with UC flare-ups not associated with COVID-19 vaccination
than in those with UC flare-ups associated with vaccination.
Semi-quantitative assessment by counting immunoreactive cells
in the high-power field also showed that the proportion of cells
positive for IFN-o was higher in the active colonic mucosa of
patients with vaccine-associated UC than in those with vaccine-
non-associated UC, whereas the proportion of cells positive for
IL-6 was lower in patients with UC associated with vaccination
than in those not associated with vaccination (Fig. 6B). Further-
more, TLR7 co-localized with IFN-o in the colonic lamina
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Fig. 5. mRNA expression of molecules associated with type | IFNs and regulatory T cells in the colonic mucosa of patients with ulcerative colitis
(UQ) associated with or without COVID-19 vaccination based on Mayo endoscopic subscore. mRNA was isolated from the colonic mucosa of
patients with UC associated with COVID-19 vaccination (n = 3) and those not associated with COVID-19 vaccination (n = 10). Patients with vaccine-
non-associated UC include five cases with Mayo endoscopic subscore 2 (MES 2) and five cases with MES 3. Vaccine-associated UC patients include
two cases with MES 2 and one case with MES 3. DUBA, deubiquitinating enzyme A; IRF3, IFN regulatory factor 3; MAVS, mitochondrial antiviral
signaling; MDA5, melanoma differentiation-associated gene 5; RIG-I, retinoic acid-inducible gene-I; TLR3, toll-like receptor 3; TRAF3, TNF receptor-
associated factor 3. Results are expressed as mean = SE. *p<0.05, **p<0.01.
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Fig. 6. Expression of IFN-q, IL-6, and TLR7 in the colonic mucosa of patients with ulcerative colitis (UC) associated with COVID-19 vaccination.
Expression of IFN-o, IL-6, and TLR7 was examined by immunofluorescence analyses using colonic biopsy samples obtained from patients with UC
associated with COVID-19 vaccination (n = 3) and those not associated with COVID-19 vaccination (n = 3). (A) Representative immunofluorescence
photomicrograph of patient tissue stained with anti-IFN-a Ab (green color) or anti-IL-6 Ab (red color). Nuclei were counter-stained with DAPI. Scale
bar: 20 pm. (B) The number of cells positive for IFN-a or IL-6 was determined by counting in a high-power field and is shown as the percentage of
total DAPI-positive mononuclear cells. (C) Representative immunofluorescence photomicrograph of patient tissue stained with anti-IFN-o. Ab
(green color) and anti-TLR7 Ab (red color). Nuclei were counter-stained with DAPI. Scale bar; 20 um. Results are expressed as mean = SE. **p<0.01.
See color figure in the on-line version.
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propria mononuclear cells of patients with vaccine-associated UC
flare-ups (Fig. 6C). Collectively, these qPCR and immunofluo-
rescence analyses strongly suggest that UC flare-ups associated
with COVID-19 vaccination are distinctive from those not asso-
ciated with COVID-19 vaccination with respect to type I IFN
responses; enhanced type I IFN responses were observed in the
former.

Discussion

Two types of COVID-19 mRNA vaccines, BNT162b2 mRNA
COVID-19 vaccine and mRNA SARS-CoV-2 1273 vaccine, are
widely used because of their high efficacy in preventing severe
COVID-19.2% However, immunization with these mRNA
vaccines is accompanied by various adverse events.’?" In addi-
tion to acute adverse events, much attention is paid to the late-
onset side effects of vaccination. New onset or relapse of autoim-
munity after COVID-19 vaccination has been reported.®'” We
recently encountered a case of UC relapse after COVID-19
vaccination characterized by systemic type I IFN and IL-6
responses.'® Thus, UC relapse after COVID-19 vaccination may
be different from UC relapse not associated with COVID-19
vaccination; the latter is driven by prototypical inflammatory
cytokines, such as TNF-a, IL-6, IL-12, and IL-23, whereas the
former is characterized by pro-inflammatory cytokines and type I
IFNs.?» To explore this possibility, we compared the mRNA and
protein expression levels of cytokines and chemokines by qPCR
and immunofluorescence analyses. We provided evidence that
IL-6, TNF-a, and type I IFNs are involved in UC flare-ups after
COVID-19 vaccination. Considering the robust induction of type
I IFNs via PRR-mediated recognition of mRNAs derived from
COVID-19 vaccines, immunization with the COVID-19 vaccine
is likely causative rather than coincidental in the development of
UC flare-ups. However, profiles of cytokines and chemokines in
the colonic mucosa were determined using samples from three
patients with UC flare-ups after COVID-19 vaccination. Thus,
the sample size was too small to conclude that the colonic
mucosa of patients with UC flare-ups after COVID-19 vaccina-
tion is characterized by type I IFN responses. Therefore, further
studies addressing cytokine responses in many UC patients with
or without relapse after COVID-19 vaccination are needed to
verify these findings.

Type I IFNs play both protective and pathogenic roles in the
development of UC.“? ISG expression was upregulated and
downregulated in the colonic mucosa during the active and
remission phases of UC, respectively.?**¥ In addition, cases of
UC flare-ups after the administration of type I IFNs against
chronic hepatitis C virus infections have been reported.*® On the
other hand, the beneficial roles of type I IFNs have been high-
lighted by clinical trials in which a significant population of
patients with UC was successfully treated with type I IFNs.#49
Thus, both beneficial and pathogenic roles for type I IFNs have
been reported. mRNA expression of IFN-a4 and IFN- were
elevated in the colonic mucosa of patients with UC flare-ups
after COVID-19 vaccination compared with those not associated
with vaccination. In addition, COVID-19 vaccination increased
the colonic expression of ISGs, including DUBA and TLR7,
suggesting that type I IFN responses and the induction of
ISG expression might mediate the exacerbation of UC after
COVID-19 vaccination. As expected, the mRNA expression
of prototypical proinflammatory cytokines (IL-1B, IL-6,
IL-12/23p40, and TNF-a) and chemokines (CXCL9 and
CXCL10) was higher in the colonic mucosa of patients with UC
flare-ups, irrespective of the COVID-19 vaccination status, than
in the heathy colonic mucosa of patients with colon adenoma.
However, the mRNA expression of IL-1f8, IL-12/23p40, and
TNF-a was higher in patients with UC flare-ups after COVID-19
vaccination than in those not associated with COVID-19 vaccina-
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tion. One might assume that the enhanced type I IFN responses
in UC flare-ups associated with vaccination were counter-
regulatory mechanisms, reflecting strong IL-6 and TNF-o
responses since the nuclear factor-kappa B-dependent production
of IL-6 and TNF-o is reciprocally regulated by the IRF-
dependent production of type I IFNs.“% In this regard, we believe
that the PRR-mediated production of type I IFNs upon sensing
mRNAs is a primary event in UC flare-ups after COVID-19
vaccination. This notion is supported by experimental studies
providing evidence that the administration of mRNA vaccine
induces type I IFN-polarized innate immunity.“’*® Additionally,
type I IFNs function as upstream cytokines that can induce the
production of IL-6 and TNF-a.49 Collectively, our cytokine and
chemokine analyses of active colonic mucosa suggest that type I
IFN responses triggered by COVID-19 vaccination are involved
in the exacerbation of UC after vaccination. However, type I IFN
responses induced by COVID-19 vaccination do not usually
cause flare-ups in most UC cases. Therefore, in addition to the
robust production of type I IFNs, another factor may contribute
to the exacerbation of UC after COVID-19 vaccination. Identi-
fying such risk factors requires studies addressing the colonic
immune environments in patients with or without UC flare-ups
who receive vaccination.

Another feature of UC flare-ups after COVID-19 vaccination
is enhanced mRNA expression of FOXP3 and IL-10. Tregs
expressing FOXP3 contribute to the maintenance of intestinal
homeostasis through the production of IL-10.4Y Colonic mRNA
expression of IL-10 and FOXP3 tended to be higher in patients
with UC associated with COVID-19 vaccination than in those not
associated with vaccination. However, the molecular mechanisms
underlying the enhanced expression of FOXP3 in patients with
UC flare-ups after COVID-19 vaccination are not fully under-
stood. Furthermore, type I IFNs contribute to maintaining
intestinal homeostasis through the expansion and induction of
Tregs expressing FOXP3.4*D Therefore, the initial type I IFN
responses induced by COVID-19 vaccination may lead to
enhanced Treg responses. Importantly, strong expression of
FOXP3 and IL-10 is unlikely to suppress colonic inflammation in
patients with UC flare-ups associated with COVID-19 vaccina-
tion.

Enhanced type I IFN responses underlie the immunopatho-
genesis of various autoimmune disorders, especially SLE and
type 1 autoimmune pancreatitis (AIP).®? If the excessive produc-
tion of type I IFNs caused by immunization with mRNA
vaccines drives the development of new-onset or relapse autoim-
munity, the frequency of exacerbation of SLE and type 1 AIP
after vaccination would be greater than that in other autoimmune
diseases. Case reports regarding new-onset or relapse of SLE and
AIP are available;®33- however, it is unclear whether immu-
nization with the COVID-19 vaccine increases the number of
type I IFN-dependent autoimmunity. The link between mRNA
vaccine-induced type I IFN responses and autoimmunity requires
further epidemiological and immunological analyses. In addition,
cases with new-onset or flare-ups of UC triggered by SARS-
CoV-2 infection have been reported.®¢=® It would be intriguing
to see the involvement of type I IFN responses in UC cases asso-
ciated with SARS-CoV-2 infection.

Our clinicopathological analyses suggested that the endoscopic
and pathological findings of the three cases of patients with UC
flare-ups after COVID-19 vaccination were similar to those with
typical UC flare-ups as assessed by MES and Nancy histological
index. Although the sample size was small to draw definitive
conclusions in this study, no significant differences were
observed in MES or Nancy histological index between UC flare-
up cases associated with COVID-19 vaccination and those not
associated with vaccination. Thus, it may be difficult to distin-
guish between UC flare-ups associated with COVID-19 vaccina-
tion and those not associated with vaccination based on clinical
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manifestations. Serum levels of IFN-f were markedly elevated in
patients with UC flare-ups or new-onset rheumatoid arthritis after
COVID-19 vaccination.!*!® Therefore, elevated serum IFN-B
concentrations might be useful for the early detection of UC
flare-ups after COVID-19 vaccination. Establishment of serum
IFN-B concentration evaluation for diagnosing COVID-19
vaccination-associated UC requires a comparison between healthy
controls and patients with UC flare-ups or non-flare-ups after
vaccination.

In conclusion, the active colonic mucosa of patients with UC
triggered by COVID-19 vaccination was characterized by type |
IFN responses in addition to prototypical proinflammatory
cytokine responses, including IL-1B, 1L-12/23p40, and TNF-a,
compared with those of patients with UC not associated with
COVID-19 vaccination. COVID-19 vaccination does not
increase the incidence of UC exacerbation.?**” However, our
data show the involvement of unique cytokines profiles in the
development of UC flare-ups after vaccination. Thus, we propose
that UC flare-ups associated with COVID-19 vaccination are a
unique type of UC with respect to pro-inflammatory cytokine and
type I IFN responses. However, interpreting our findings need to
be done with caution because the number of patients recruited in
this study was small. We recruited three patients with COVID-19
vaccine-associated UC flare-ups and ten patients with vaccine-
non-associated UC flare-ups. Further studies addressing the
colonic immune environment in patients with flare-ups or new-
onset UC cases with or without COVID-19 vaccination are
warranted.
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