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Purpose: TILRR is a modulator of genes in the NF-κB inflammation pathway. It regulates inflammation-responsive genes, the
secretion of inflammatory mediators, and the migration of immune cells. Because inflammation drives the pathogenesis of many
infectious and inflammatory diseases, it is important to know the expression of TILRR protein in tissues and cells. This study
examined TILRR protein expression in healthy adult human and macaques’ tissues and PBMCs (peripheral blood mononuclear cells).
Methods and Results: Tissues (trachea, lungs, stomach, small intestine [ileum], cecum, colon, rectum, vagina, cervix, uterus, and
penis) and PBMCs from humans and macaques were lysed in RIPA (radioimmunoprecipitation assay) lysis buffer. The TILRR protein
was examined by fluorescent Western blot analysis. The relative fluorescence units (rfu) of TILRR protein expression were quantified
by Image Studio software (LI-COR). The results showed that adult healthy female (n=1) rectal and cervicovaginal tissues expressed
a higher level of TILRR protein than the other tissues (trachea, lungs, stomach, small intestine [ileum], cecum, colon, uterus, and
penis) examined. Like humans, the lungs, colon, and rectal tissues of healthy adult female cynomolgus monkeys (Macaca fascicularis)
(n=2) expressed the TILRR protein. In addition, PBMCs of healthy adult women (n=4), adult female cynomolgus monkeys (Macaca
fascicularis) (n=4), and adult male and female rhesus monkeys (Macaca mulatta) (n=4) showed a similar expression level of TILRR
protein (p= 0.2858). TILRR protein was not detected in most of the human cell lines examined, except in Jurkat cells.
Conclusion: Our study for the first time showed that TILRR protein is expressed in healthy adult human and monkey tissues and
PBMCs. The TILRR protein in these tissues and PBMCs may play a role in the inflammatory response of these tissues and cells in
response to infectious pathogens.
Keywords: TILRR, tissues, PBMCs, human, rhesus monkey (Macaca mulatta), cynomolgus monkey (Macaca fascicularis),
inflammation

Introduction
Toll-like interleukin-1 receptor regulator (TILRR) potentiates inflammation by binding with interleukin-1-interleukin-1
receptor type 1 (IL-1-IL-1R1) receptor complex and activation of NF-κB (nuclear factor-kappa-light-chain-enhancer of
activated B cells) transcription factor.1,2 The engagement of TILRR with IL-1-IL-1R1 receptor complex influences the
recruitment of MYD88 (myeloid differentiation primary response 88) adaptor protein to the cytoplasmic TIR (toll/IL-1
receptor) domain and instigates the elevated level of NF-κB activation, inflammatory responses, and inflammation.1,3 On
the other hand, genetic deletion or antibody blocking of TILRR showed a reduced level of NF-κB activation and
inflammatory responses.3,4 Our previous studies showed that TILRR modulated the expression of many NF-κB
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inflammation-responsive genes,5 promoted the secretion of pro-inflammatory mediators,5 and migration of immune
cells.6 Recently, we identified TILRR protein in the blood of healthy women,7 and find that the level of plasma
TILRR protein is positively correlated with several plasma inflammatory mediators.8 Furthermore, high plasma
TILRR protein level is a risk factor in HIV seroconversion.8 Studies showed that inflammation drives the pathogenesis
of many infectious diseases, including SARS-CoV-2 (severe acute respiratory syndrome coronavirus-2),9,10 MERS-CoV
(middle eastern respiratory syndrome coronavirus),11 H5N1 influenza A virus,12 RSV (respiratory syncytial virus),13 and
HIV (human immunodeficiency virus),14–16 common inflammatory diseases, such as COPD (chronic obstructive pul-
monary disease),17 and IBD (inflammatory bowel disease),18,19 and the progression of cancer.20 Proinflammatory
mediators produced by the epithelial cells and tissues attract immune cells at the site of infections or injuries, leading
to cycles of inflammatory reactions and pathogenesis of diseases.13,17,21–27 Because TILRR increases the expression of
genes involved in the NF-κB inflammatory pathway and induces secretion of proinflammatory mediators,1,3,4 and
promotes immune cell migration,6 the knowledge of TILRR protein expression in different tissues and PBMCs
(peripheral blood mononuclear cells) is important for understanding the spectrum of its potential influence in inflamma-
tory responses to infectious pathogens. In this study, we evaluated TILRR protein expression in different human and
monkey tissues and PBMCs and showed that TILRR protein is expressed in all tissues and PBMCs examined. Thus,
TILRR may influence inflammatory responses in immune cells and these tissues.

Materials and Methods
Study Subjects
Human PBMCs were collected from women (n=4) enrolled in the Pumwani sex worker cohort (PSWC), Nairobi, Kenya
between 2004 and 2017 as previously described.8 The PSWC was established in 1985 for the study of the epidemiology
and immunobiology of STIs (sexually transmitted infections).8,28

Animal Samples
The cells isolated from the tissues of healthy adult female cynomolgus macaques (Macaca fascicularis) (n=2) were from
a previous study that was performed in accordance with Canadian Council on Animal Care guidelines.29–31 The tissues
were collected at necropsy. The PBMCs from healthy adult male and female Rhesus monkeys (Macaca mulatta) (n=4)
were from a previous contract study carried out at the ABL (Advanced Bioscience Laboratories) facility.

Preparation of Tissue, PBMCs, and Cell Line Lysates
The adult human tissue (healthy) lysates (n=11) were purchased from Novus Biologicals (Bio-Techne Canada) (Table 1).
The tissue lysates were from one tissue donor only (n=1). The lysates were supplied in a buffer containing HEPES
(4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid) pH 7.9, MgCl2 (magnesium chloride), KCl (potassium chloride),
<3% EDTA (ethylenediaminetetraacetic acid), sucrose, glycerol, <0.5% sodium orthovanadate, <5% sodium deoxycho-
late, <4% NP-40 (nonidet P-40), and a cocktail of protease inhibitors (<0.5%). Tissue lysates were processed by using
a total protein extraction kit (Novus Biologicals, Canada; catalog# NBP2-37853) as follows: tissues were weighed,
chopped into small pieces, and kept on dry ice. 1X protease inhibitors (2.5 mL per gram of tissue) were added to the
tissues and kept on ice for 5 min. After the incubation, tissues were homogenized for 20 sec, put on dry ice for 15 sec,
and then again homogenized for 20 sec (a third time 20 sec homogenization was used when the tissues were not well
homogenized). The homogenized tissues were rotated at 4° C for 20 min, centrifuged at 18,000 xg at 4° C for 20 min,
and the supernatants were collected to determine the total protein concentration. The protein concentration of tissue
lysates was 5 mg/mL (as supplied). The lysates were diluted at 1:8 with RIPA (radioimmunoprecipitation assay) lysis
buffer (Thermo Fisher Scientific, Toronto, Canada) containing protease inhibitors (10 µL per mL of buffer).

Tissue cells from healthy adult female cynomolgus monkeys (n=2) (Table 1) were isolated and preserved by using
a slightly modified protocol as described earlier.32 Briefly, the tissues were cut into 4–5 cm pieces and placed in 1X ice-cold
PBS (phosphate-buffered saline) pH 7.2. The tissues were then transferred to a sterile 6-well culture plate and washed with
1X PBS pH 7.2 several times, followed by 70% ethanol for 3 min. After a final wash with 1X PBS pH 7.2, a 3 mL R10 media
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(RPMI 1640 medium [Sigma-Aldrich, Oakville, Canada] containing 10% fetal bovine serum [FBS], 250 µg/mL pen-strep,
and 50 µg/mL gentamicin) was added to the tissues in a new culture plate for 2 min. Washed tissues were further cut into 1 cm
pieces and transferred to a new sterile 6-well plate containing 3 mL of working digestion buffer (2 mg/mL collagenase II
[Sigma-Aldrich, Oakville, Canada] in R10 media). Using a syringe with a needle, a small volume of working digestion buffer
was injected into the tissues and incubated for 3 min at room temperature. Afterward, the tissues were finely cut by scissors to
disrupt all small tissue pieces and then incubated for 1 hour at 37° C. After incubation, a 60 µL of EDTA (100 nM) was added
to the tissues, and the media containing the small pieces of tissues were slowly taken out until no visible tissue fragment
remained. Cells were transferred to a 15 mL centrifuge tube containing 10 mL R10 media and centrifuged at 1800 rpm (no
break) for 8 min. The supernatants were carefully removed and 5 mL of freshly made Percoll working solution (31.5 mL of
100% Percoll pH 8.5–9.5 [Sigma-Aldrich, Oakville, Canada] plus 3.5 mL of 10X PBS pH 7.2 and 65 mL of 1X PBS pH 7.2)
was added to the cells, vortexed, centrifuged at 2000 rpm for 12 min, and removed the supernatants. After discarding
supernatants, 5 mL of ACK lysis buffer (Ammonium-Chloride-Potassium; prepared by adding 8.29 g of 0.15 M NH4Cl, 1g
of 10 mMKHCO3, and 41.6 mg of 0.1 mM Tetrasodium salt EDTA to 100 mL distilled water, adjusted pH at 7.2) was added

Table 1 Adult Human Normal Tissue Lysates and Monkey Normal Tissue Cell Lysates

Human Normal Tissue Lysates (Supplier: Novus Biologicals, Bio-Techne Canada)

Tissue Lysates Catalog # Lot# Sex Age (Years) Single
Donor?

1 Human Trachea Whole Tissue Lysate (Adult Whole normal) NB820- 59241 B204077 Female 82 Yes

2 Human Lung whole tissue lysate (Adult whole normal) NB820-59239 C107099 Female 70 Yes

3 Human Stomach Whole Tissue Lysate (Adult Whole normal) NB820-59260 C603538 Female 83 Yes

4 Human Small intestine (Ileum) Whole Tissue Lysate (Adult Whole

normal)

NB820-59255 C411100 Male 62 Yes

5 Human Large Intestine Cecum Whole Tissue Lysate (Adult Whole

normal)

NB820-59204 B204091 Male 26 Yes

6 Human Colon Whole Tissue Lysate (Adult Whole normal) NB820-59205 C311229 Female 60 Yes

7 Human Rectum Whole Tissue Lysate (Adult Whole normal) NB820-59250 B604180 Female 83 Yes

8 Human Vagina Whole Tissue Lysate (Adult Whole normal) NB820-59278 A603644 Female 69 Yes

9 Human Cervix Whole Tissue Lysate (Adult Whole normal) NB820-59275 C210005 Female 42 Yes

10 Human Uterus Whole Tissue Lysate (Adult Whole normal) NB820-59274 A312043 Female 40 Yes

11 Human Penis Whole Tissue Lysate (Adult Whole normal) NB820-59247 A207007 Male n/a Yes

Cynomolgus Monkey Normal Tissue Cell Lysates

Tissue Cell Lysates Monkey ID# Sex Age (Years)

1 Adult Cynomolgus monkey normal lungs AM271 Female 14

2 Adult Cynomolgus monkey normal colon AM271 Female 14

3 Adult Cynomolgus monkey normal rectum AM271 Female 14

4 Adult Cynomolgus monkey normal lungs BM843 Female 15

5 Adult Cynomolgus monkey normal colon BM843 Female 15

6 Adult Cynomolgus monkey normal rectum BM843 Female 15

Notes: All human tissue lysates were processed by using a total protein extraction kit (Catalog# NBP2-37853). Donors’ sex, age, and other information were obtained from
the supplier (Novus Biologicals). ID#, identification number.
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to eliminate the contamination of red blood cells, vortexed, and incubated for 3 min. ACK lysis reaction was stopped by
adding 7 mL of R10 media. The tube was centrifuged at 1000 rpm for 10 min (no break) and the supernatants were removed.
Finally, 1 mL of freezing media (92.5% FBS and 7.5% DMSO) was added to the cells and preserved in liquid nitrogen.

Peripheral blood mononuclear cells (PBMCs) from healthy women (n=4) (Table 2) were isolated by using a slightly
modified method of Ficoll-Hypaque density gradient centrifugation and preserved as previously described.33,34 In brief,
heparinized blood was placed into a 50 mL conical centrifuge tube, and an equal volume of room-temperature 1X PBS
pH 7.2 (1:1) was added using a sterile serological pipette and mixed well. A 15 mL blood/PBS mixture was then slowly
layered over 10 mL Ficoll (Lymphoprep, MJS BioLynx Inc. Ontario, Canada) in a separate tube and the tube was
centrifuged at 240 xg for 25 min at 20° C (no brake). Using a sterile pipette, the upper layer containing the plasma and
most of the platelets was removed. With a separate sterile pipette, the mononuclear cell layer (white cell layer) was
transferred to another centrifuge tube. The cells were then washed once by adding three times the volume of room-
temperature PBS pH 7.2 and centrifuging at 240 xg for 10 min. Washing of cells was done once with R10 media (RPMI
1640 media containing 10% FBS and 1% pen-strep). The supernatants were discarded and the cells were resuspended in
10 mL R10 media, counted (3x106 cells/mL) using a hemocytometer and Trypan blue exclusion dye (Thermo Fisher
Scientific, Toronto, Canada), and preserved using freezing media (90% FBS and 10% DMSO).

Since Ficoll-Hypaque compounds somehow interact with the macaque erythrocytes and lymphocytes causing severe
erythrocyte contamination to the lymphocyte layer in the gradient, the PBMCs from healthy adult female cynomolgus
monkeys (n=4), and healthy adult male and female rhesus monkeys (n=4) (Table 2) were isolated by a Percoll density
gradient centrifugation method as described elsewhere.35 Briefly, the vacutainer tube containing the blood sample was
centrifuged at 1200 xg for 10 min (no brake). Plasma was removed from the top of the tube as much as possible without
disturbing the buffy coat using a transfer pipette. Afterward, the buffy coat (mostly white blood cells) was removed from
the blood and transferred to the dilution tube containing 7.5 mL R0 media (RPMI 1640 medium without added
supplements). The cell mixture (8 mL maximum) was then overlaid onto the 4 mL 60% Percoll solution (6 parts of

Table 2 Adult Human and Monkey Normal PBMCs Lysates

Human PBMCs Lysates

Cell Lysates ML# Sex Age (Years)

1 Human PBMCs 1260 Female 36

2 Human PBMCs 893 Female 53

3 Human PBMCs 1800 Female 28

4 Human PBMCs 2006 Female 40

Monkey PBMCs

Cell Lysates Monkey ID# Sex Age (Years)

1 Cynomolgus monkey PBMCs AM271 Female 14

2 Cynomolgus monkey PBMCs AT45 Female 13

3 Cynomolgus monkey PBMCs BM796 Female 15

4 Cynomolgus monkey PBMCs BM805 Female 11

5 Rhesus monkey PBMCs R223 Female 6

6 Rhesus monkey PBMCs R232 Male 6

7 Rhesus monkey PBMCs R236 Male 6

8 Rhesus monkey PBMCs R263 Male 6

Abbreviations: PBMCs, peripheral blood mononuclear cells; ML#, participant’s identification number; ID#, identification number.
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100X Percoll plus 4 parts of 1X PBS pH 7.2) in a 15 mL Falcon tube and centrifuged at 500 xg for 30 min (no brake).
Using a transfer pipette, the cell interface (~2 mL) was removed and placed in a clean and sterile 15 mL centrifuge tube.
The cell interface tube was filled with R10 media to a maximum of 14 mL and centrifuged at 350 xg for 10 min with full
brake. The supernatants were discarded and the cell pellet was resuspended into 2 mL R10 media. The cells were
counted, aliquoted (3x106 cells/mL), and preserved by using freezing media (90% FBS and 10% DMSO).

The cryopreserved cynomolgus monkeys tissue cells, human and monkey PBMCs, and human cell lines were thawed
on ice and centrifuged at 2000 xg for 6 min at 4° C. The supernatants were discarded and 1 mL RPMI 1640 medium
(Sigma-Aldrich, Oakville, Canada) without FBS (fetal bovine serum) was added. The cells were gently mixed and
centrifuged at 2000×g for 6 min at 4° C. The washing of cells with RPMI 1640 medium was repeated once and then
washed once with PBS pH 7.2. After final washing, RIPA lysis buffer (50 µL/106 cells; Thermo Fisher Scientific,
Toronto, Canada) containing protease inhibitor (10 µL per mL of buffer) was added and vigorously vortexed. The lysates
were then transferred to QIA Shredder (Qiagen, Toronto, Canada) and centrifuged at 17500×g for 2 min at 4° C. The
flow-through was collected and the concentration of protein in lysates was determined using BCA (bicinchoninic acid)
protein assay (ThermoFisher Scientific, Toronto, Canada).

Determination of the Protein Concentration in the Lysates of Tissues, PBMCs, and
Cell Lines
The concentration of protein in tissues, PBMCs, and cell line lysates was determined by Pierce BCA protein assay as
described elsewhere.7 In brief, a 10 µL of diluted bovine serum albumin (BSA) standard (0.25 mg/mL [standard 1] to
2.0 mg/mL [standard 8]) and unknown lysates were separately dispensed into each well of the microtitre plate (flat-
bottom) followed by the addition of 200 µL of BCA working solution. The plate was incubated at 37° C for 30 min and
the protein concentration was measured by using a plate reader (SpectraMax M2e; Molecular Devices, California, USA).

Western Blot Analysis
Western blot analysis of tissues, PBMCs, and cell line lysates was performed as described previously.7,36 In brief,
NuPAGE precast gel (4–12% Bis-Tris 1.0 mm x 15 well) (Thermo Fisher Scientific, Toronto, Canada) was used to run
each lysate separately. The loading concentration of each lysate was optimized and each lane of the gel was loaded with
2.5 µg (human tissue lysates), 5.0 µg (monkey tissue cell lysates), 14.0 µg (human/monkey PBMCs lysates), and 7.0 µg
(human cell line lysates) protein, respectively. The gel was run for 45 min with 200 V. TILRR protein was probed with
in-house developed mouse anti-TILRR mAb (F218G4; 5 µg/mL) and rabbit anti-β-actin mAb (1:1000; LI-COR,
Nebraska, USA). In parallel, the membrane was also probed with mouse IgG1 isotype control antibody (1µg/mL;
Abcam, Ontario, Canada) and rabbit anti-β-actin mAb (1:1000; LI-COR, Nebraska, USA). Mouse anti-TILRR F218G4
mAb was used to detect TILRR protein, whereas rabbit anti-β-actin mAb was used as a housekeeping control protein
(loading control). IRDye(R) 800CW goat anti-mouse IgG (H+L) and IRDye(R) 680RD goat anti-rabbit IgG (H+L)
secondary antibodies were used (1:10,000; LI-COR, Nebraska, USA) to detect the TILRR protein and β-actin, respec-
tively. The image was taken by using an Odyssey CLx imager (LI-COR, Nebraska, USA). The signal intensity of TILRR
protein was measured by Image Studio Lite version 5.2.

Coomassie Blue Staining
Coomassie blue gel staining was performed to quickly visualize the expected ~70 kDa TILRR protein band after iBlot
transfer by BioSafeTM Coomassie stain (Bio-Rad, Mississauga, Canada) as described elsewhere.7 Briefly, after iBlot
transfer, the gel was washed with 200 mL ddH2O (double-distilled water) followed by a further 3X with ddH2O for 5
min. After the complete removal of ddH2O, the gel was incubated with 20 mL BioSafeTM Coomassie stain for 1 h, rinsed
for 30 min in 200 mL ddH2O, and examined in Odyssey CLx imager.
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Statistical Analysis
All data were analyzed by GraphPad Prism version 9.0.0 (GraphPad Software Inc., California, USA). Image Studio Lite
version 5.2 (https://www.licor.com/bio/image-studio-lite/) was used to process all blot and gel images. TILRR protein
intensity is shown as relative fluorescence units (rfu). In some figures, the “rfu” is shown as median with an interquartile
range (IQR). A t-test with 95% CI (confidence intervals) was used for statistical comparisons, and p<0.05 was reported as
statistically significant.

Results
TILRR Protein is Highly Expressed in a Variety of Human and Monkey Tissues
To explore whether TILRR protein is expressed in normal adult human and animal tissues, we examined its expression in
human tissue lysates and cynomolgus monkey tissue cell lysates. The human tissue lysates include the tissues from the
respiratory tract (trachea and lungs), digestive tract (stomach, small intestine [ileum], cecum, colon, and rectum), and
reproductive tract (female: vagina, cervix, and uterus; male: penis). Western blot analysis demonstrated that TILRR
protein is expressed in all human tissue lysates examined (Figure 1). The quantity of TILRR protein (relative
fluorescence intensity [rfu]) was higher in vaginal tissues (1648.07 rfu), followed by rectal (1629.17 rfu), cervical
(1549.97 rfu), and uterine tissues (1025.03 rfu) (Figure 1, green bars; and Figure S1A). The quantity of TILRR protein
was lower in small intestinal tissue (200.25 rfu), whereas the TILRR protein expressions in the stomach (832.99 rfu),
large intestines (cecum [810.49 rfu] and colon [874.49 rfu]), trachea (816.81 rfu), lungs (856.71 rfu), and penile tissues
(820.12 rfu) were higher than that of the small intestine (ileum), but lower than rectal and cervicovaginal tissues
(Figure 1, green bars; and Figure S1A). Coomassie blue staining of the gel after iBlot transfer showed that a portion of
proteins from all tissue lysates remained in the gel, which prevents more accurate quantification of TILRR protein in the
tissue lysates following Western blot analysis. However, the highest level of un-transferred protein in cervical tissue
lysate (Figure 1, red bars; and Figure S1B) is consistent with higher expression of TILRR protein in cervicovaginal
tissues.

We also examined TILRR protein expression in normal lungs, colon, and rectal tissue cell lysates of adult female
cynomolgus monkeys (Macaca fascicularis). Similar to the human tissue lysates, Western blot analysis detected TILRR
protein in all the tissue cell lysates of the cynomolgus monkeys (Figure 2A). The highest TILRR protein level was found
in colon tissues (median with interquartile range [IQR]: 5815.46 [5728.56–5902.36] rfu) followed by lungs (4031.57

Figure 1 TILRR protein expression in normal human tissues. Tissue lysates (2.5 µg/lane protein) were examined by Western blot (green color, left) and Coomassie blue
staining (red color, right). TILRR protein was probed by primary mouse anti-TILRR F218G4 mAb followed by secondary goat anti-mouse IRDye 800CW antibody (1:10,000;
LI-COR). TILRR protein bands (70 kDa, green color, cropped) are shown on the top of the bar graph (see Figure S1A for un-cropped blot image). Untransferred proteins in
the gel after iBlot transfer were stained with Coomassie blue staining (G-250, Bio-Rad) and the protein bands (~70 kDa, red color, cropped) are shown on the top of the bar
graph (see Figure S1B for un-cropped blot image). The bar graph shows the TILRR protein intensity (R.F.U) for each tissue lysate (n=1) where X-axis demonstrates the
normal human tissue lysates and Y-axis indicates the signal intensity (R.F.U). kDa, kiloDalton; RFU, relative fluorescence units; S. intestine, small intestine (ileum).
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[3840.04–4223.09] rfu) and rectal tissues (2100.38 [1690.41–2510.35] rfu) (Figure 2B, green bars; and Figure S1C).
Coomassie blue staining also showed that a portion of protein remained in the gel after iBlot transfer (Figure 2B, red
bars; and Figure S1D). Thus, TILRR protein is expressed in all normal human and cynomolgus monkey tissues
examined, and its quantities are variable.

TILRR Protein is Expressed in Human and Monkey PBMCs
Next, we examined the PBMC lysates of healthy adult humans and adult male and female monkeys (rhesus and
cynomolgus). In the case of humans, the archived PBMCs from four women of PSWC were used. Western blot analysis
showed that human PBMCs expressed TILRR protein (Figure 3A). The TILRR protein intensity (median [IQR]) was
2697.16 [2391.90–3187.02] rfu (Figure 3B, green bars; and Figure S2A). Similarly, a large proportion of protein from the
human PBMC lysates remained in the gel following iBlot transfer (Figure 3B, red colors; and Figure S2B) that prevented
the precise quantification of TILRR protein in PBMC lysates using Western blot analysis.

Western blot analysis also detected TILRR protein in PBMCs of both adult male and female rhesus monkeys (Macaca
mulatta) and adult female cynomolgus monkeys (Macaca fascicularis) (Figure 3A). The TILRR protein intensity

Figure 2 TILRR protein expression in normal Cynomolgus monkey tissues. (A) Tissue lysates (5.0 µg/lane proteins) were examined by Western blot (green color, left) and
Coomassie blue staining (red color, right). TILRR protein was probed by primary mouse anti-TILRR F218G4 mAb followed by secondary goat anti-mouse IRDye 800CW
antibody (1:10,000; LI-COR). TILRR protein bands (70 kDa, green color, cropped) are shown on the top of the bar graph (Figure S1C shows the un-cropped blot image).
Untransferred proteins in the gel after iBlot transfer were stained with Coomassie blue staining (G-250, Bio-Rad) and the protein bands (~70 kDa, red color, cropped) are
shown on the top of the bar graph (Figure S1D shows the un-cropped gel). The bar graph indicates the TILRR protein intensity (R.F.U) for each tissue lysate (n=1). (B) TILRR
protein intensity (R.F.U) (median with interquartile range [IQR]) of each tissue cell lysate observed in two cynomolgus monkeys (n=2). The X-axis represents the normal
Cynomolgus monkey tissue cell lysates and Y-axis shows the signal intensity (R.F.U). AM271 and BM843 are the monkeys’ identification numbers. kDa, kiloDalton; RFU,
relative fluorescence units; n= number of subjects.
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(median with IQR) was 2038.44 (1726.37–2402.54) rfu and 2192.83 (1906.14–2760.48) rfu in rhesus and cynomolgus
monkeys, respectively (Figure 3B, green bars; and Figure S2A). There was no significant difference in TILRR protein
expression between PBMCs of humans and monkeys (p= 0.2858) (Figure 3C).

In addition to the TILRR protein, we found that the variants of FREM1 (~250 kDa and ~150 kDa) and variants of β-
actin (<42 kDa) expressed in monkey PBMCs are different from the ones expressed in human PBMCs based on the size
and the pattern of the Western blot (Figure S2A).

Few Examined Human Cell Lines Expressed TILRR Protein
We further examined the TILRR protein expression in different human cell lines, including HeLa, VK2, Ect1, End1, THP-1,
MOLT-4, SupT1, and Jurkat. These cell lines could be used as in vitro model system to study the effect of TILRR protein.
Western blot analysis demonstrated that TILRR protein was not detected in all cell lines examined, except for the Jurkat cell
line (Figure 4). The intensity of TILRR protein in the Jurkat cell line was 646.00 (rfu) (Figure 4, green bars; and Figure S3A).
Similarly, the iBlot transfer system cannot transfer all proteins in the gel (Figure 4, red bars; and Figure S3B). Thus, most of the
human cell lines examined expressed little TILRR protein, and these cell lines can be used as in vitro model system to
overexpress TILRR protein to examine the effect of TILRR protein expression.

Figure 3 TILRR protein expression in normal human and macaque PBMCs. (A) PBMC lysates (14.0 µg/lane proteins) of humans (n=4), rhesus monkeys (n=4), and
cynomolgus monkeys (n=4) were analyzed by Western blot (green color, left) and Coomassie blue staining (red color, right). TILRR protein was probed by primary mouse
anti-TILRR F218G4 mAb followed by secondary goat anti-mouse IRDye 800CW antibody (1:10,000; LI-COR). TILRR protein bands (70 kDa, green color, cropped) are
shown on the top of the bar graph (see Figure S2A for un-cropped blot image). Untransferred proteins in the gel after iBlot transfer were stained with Coomassie blue
staining (G-250, Bio-Rad), and the protein bands (~70 kDa, red color, cropped) are shown on the top of the bar graph (see Figure S2B for un-cropped gel). The bar graph
shows the TILRR protein intensity (R.F.U). (B) TILRR protein intensity (R.F.U) (median with IQR) of PBMC lysates observed in four study subjects (n=4) including humans,
rhesus monkeys, and cynomolgus monkeys. (C) TILRR protein expression between humans and monkeys. Data are shown as median with IQR in figures B and C. A t-test
with 95% CI was used for statistical comparisons and all p<0.05 were reported as statistically significant and presented with asterisks. The X-axis of figure A indicates the
patients’ and monkeys’ identification numbers and Y-axis shows the signal intensity (R.F.U). kDa, kiloDalton; RFU, relative fluorescence units; n= number of subjects; ID#,
identification number, Rhesus M, rhesus monkey; Cyno M, cynomolgus monkey.
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Anti-TILRR Monoclonal Antibodies (mAb) are Specific for TILRR Protein
We previously showed that the in-house developed anti-TILRR monoclonal antibodies are specific for the TILRR
protein.7,37 The current study with Western blot analysis of human tissue lysates further confirmed the specificity of
the anti-TILRR mAbs. Anti-TILRR mAb (F218G4) targets major epitopes on the Calx-β domain of TILRR protein.37

A mouse IgG1 mAb isotype control (Abcam, Canada) was used as a control for Western blot analysis of human vaginal
and cervical tissue lysates. The Western blot analysis demonstrated that the anti-TILRR mAb detected TILRR protein (70
kDa) in the vagina (869.79 rfu) and cervix (834.13 rfu) tissue lysates, whereas no signal of the 70 kDa protein was
observed with mouse IgG1 isotype control (Figure 5, green bars; Figure S4A). Coomassie blue staining showed un-
transferred proteins in the gel following iBlot transfer to the nitrocellulose membrane (Figure 5, red bars; Figure S4B).

Discussion
TILRR regulates the MYD88-dependent amplification of NF-κB signaling and aberrant inflammatory responses.1,4 It is
associated with inflammatory vascular disease development4 and found to be a biomarker in breast cancer.38 We
previously showed that TILRR modulated many inflammation-responsive genes,5 promoted the secretion of inflamma-
tory mediators,5 and the migration of immune cells.6 Recently, we showed that TILRR protein also circulates in the blood
of healthy women, and the level of plasma TILRR protein is variable among different women.7 Also, the level of plasma
TILRR protein is positively correlated with different plasma pro-inflammatory cytokines/chemokines8 and high plasma
TILRR protein is a risk factor in HIV seroconversion.8 The level of TILRR protein expression may influence the
inflammation status of tissues and cells. Studies have shown that TILRR mRNA is variably expressed in human and
animal immune and epithelial cell lines.1,2,4 Although much is known about TILRR mRNA expression in cell lines and
PBMCs, there is no information on protein level expression of TILRR in human and animal tissues and PBMCs. The
knowledge of TILRR protein expression in tissues, PBMCs, and model cell lines is important to further study its role in
some infectious and inflammatory diseases. The data reported in this study provided the much-needed information on
TILRR protein expression in a number of human tissues and PBMCs that are relevant for some infectious and
inflammatory diseases, such as SARS-CoV-2,9,10 HIV,15,16 and IBD.18 The cynomolgus and rhesus monkeys are often
used as models for human diseases, including SARS-CoV-2, influenza, and HIV/SIV,39–42 and evaluation of vaccine and
therapeutic studies.43–46 The expression of TILRR protein in some tissues and PBMCs of these two monkeys’ species
could help future studies on the role of TILRR protein in these animal models.

Figure 4 TILRR protein expression in human cell lines. Cell line lysates (7 µg/lane protein) were examined by Western blot (green color, left) and Coomassie blue (red
color, right). TILRR protein was probed by primary mouse anti-TILRR F218G4 mAb followed by secondary goat anti-mouse IRDye 800CW antibody (1:10,000; LI-COR).
TILRR protein bands (70 kDa, green color, cropped) are shown on the top of the bar graph (Figure S3A shows the un-cropped blot image). Untransferred proteins in the gel
after iBlot transfer were stained with Coomassie blue staining (G-250, Bio-Rad) and the protein bands (~70 kDa, red color, cropped) are shown on the top of the bar graph
(Figure S3B shows the un-cropped gel). The bar graph shows the TILRR protein intensity (R.F.U) for each tissue lysate (n=1) where X-axis demonstrates human cell lines and
Y-axis represents signal intensity (R.F.U). kDa, kiloDalton; RFU, relative fluorescence units.
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Our study showed that TILRR protein is expressed in different healthy human and monkey tissues. The TILRR
protein expression is high in human rectal and cervicovaginal tissues, and relatively high in the trachea, lungs, stomach,
small intestine (ileum), cecum, colon, uterus, and penile tissues (Figure 1). It may suggest the importance of studying the
TILRR protein in modulating inflammation and cytokine/chemokine production and pathogenesis of these tissues.
Tissues with a low-level TILRR protein under normal physiological conditions may be less likely inflammation
responsive. While tissues expressing a high-level TILRR protein may be more inflammation responsive. However,
these need to be further studied. Studies showed that abnormal cytokine/chemokine production, rapid influx of immune
cells, and inflammation in tissues and epithelial cells increase the rate of inflammation-induced sexually transmitted
infections (STIs including HIV),14–16 IBD,18,19 respiratory viral infections, and common diseases (SARS-CoV-2, MERS-
CoV, H5N1 influenza A virus, RSV, pneumonia, and COPD),9–13,17 and progression of cancer.20 Since TILRR promotes
secretion of inflammatory cytokines/chemokines,5 immune cell migration,6 and inflammation,1,4 it could be involved in
inflammation-related disease pathogenesis and cancer development. These possibilities need to be examined in future
studies.

Like humans, the expression of TILRR protein was observed in the cynomolgus monkeys’ lungs, colon, and rectal
tissues (Figure 2B). As cynomolgus monkeys (Macaca fascicularis) are a frequently used animal model for studying
human diseases,39–42,47 the expression of TILRR protein in tissues of cynomolgus monkeys would help to conduct future
studies on TILRR protein using cynomolgus monkeys as a model.

Our study also showed that TILRR protein is expressed in human and monkey PBMCs. PBMCs of humans, rhesus
monkeys (Macaca mulatta), and cynomolgus monkeys (Macaca fascicularis) showed a similar level of expression of
TILRR protein. The expression of TILRR protein in PBMCs is consistent with an earlier study showing TILRR mRNA
expression in human PBMCs.1 The major immune cell subsets of PBMCs include monocytes, T cells [CD4+T and CD8
+T-cells], B cells, and NK cells.48 Studies showed that infection or injury to the tissues or epithelial/endothelial cells
attracts peripheral blood immune cells to the site of injury through secretion of inflammatory chemotactic mediators
from damaged cells,49–52 resulting in a cycle of inflammation and pathogenesis. It would be interesting to know
whether all immune cell subsets in PBMCs express the TILRR protein and this needs to be investigated in future
studies.

Figure 5 Anti-TILRR mAb is specific for TILRR protein. Tissues lysates (2.5 µg/lane protein) (n=2) were examined by Western blot (green color, left) and Coomassie blue
staining (red color, right). TILRR protein was probed by either primary mouse anti-TILRR F218G4 mAb or primary mouse IgG1 mAb (isotype control) (Abcam, Canada)
followed by secondary goat anti-mouse IRDye 800CW antibody (1:10,000; LI-COR). TILRR protein bands (70 kDa, green color, cropped) are shown on the top of the bar graph
(see Figure S4A for un-cropped blot image). Untransferred proteins in the gel after iBlot transfer were stained with Coomassie blue staining (G-250, Bio-Rad), and the protein
bands (~70 kDa, red color, cropped) are shown on the top of the bar graph (see Figure S4B for un-cropped gel). The bar graph shows the TILRR protein intensity (R.F.U) for
each tissue lysate where X-axis represents human tissue lysates and Y-axis indicates the signal intensity (R.F.U). kDa, kiloDalton; RFU, relative fluorescence units.
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Our study showed that most of the model cell lines (HeLa, VK2, Ect1, End1, THP-1, MOLT-4, SupT1) we examined
do not express the TILRR protein, with the exception of Jurkat cells. The result is consistent with our previous study
showing no TILRR variant RNA was detected by sequencing HeLa cell RNA using NGS (next-generation sequencing)
technology.5 Thus, these cell lines can be used as in vitro model system to overexpress TILRR protein to examine the
effect of TILRR protein expression.

Conclusions
Our study for the first time showed that TILRR protein is expressed in many human tissues and some monkey tissues,
and PBMCs. The level of expression of TILRR protein in the tissues and cells may reflect the role of TILRR protein in
the inflammation response of these tissues and cells. The information will help the further study of the potential role of
TILRR in infectious and inflammatory diseases.
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