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Background and Objectives This study aimed to evaluate whether Toll-like receptors
(TLRs) messenger ribonucleic acid (nRNA) were expressed in the facial nerve after incurring
a crush or an injury of the facial nerve.
Materials and Method An adult Sprague-Dawley underwent a crush or injury of the unilat-
eral facial nerve. The crush or injury was incurred by a cutting at the midpoint between the
facial nerve trunk and its branch. The whisker movement of vibrissae muscle was examined 4
and 14 days after injury. Real-time polymerase chain reaction was performed for the normal
facial nerve taken from the left side and the damaged nerve taken from the right side.
Results On the 4th day of injury, the expression of TLR 9, 13 mRNA was significantly low-
er in the crush and injured groups than in the control group (p<0.05). On the 14th day of inju-
ry, the expression of TLR 2 mRNA was significantly higher in the injured group than in the
control group (p<0.05).
Conclusion The expressions of TLR 9, 13 mRNA in the distal facial nerve after injury in
the crush and injured groups were significantly lower than that in the control group, but the
expression of TLR 2 mRNA in the injured group was significantly higher. Therefore, TLRs
may be involved in facial nerve damage and regeneration.
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% A} 4=8A|(NOD-like receptors, NLRs), retinoic acid-induc—
ible gene (RIG)-1 F-AF =£A(RIG-1 like receptors, RLRs),

=-8A(pattern recognition ~ C-3 & =8A|(C-type lectin receptors, CLRs)%] 47}

receptors, PRR9= & -9 }-’F% A (Toll-like receptors, TLRS),

nucleotide-binding and oligomerization domain (NOD) &
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Fig. 1. Induction of facial nerve injury. A: Retroauricular incision in the skin and subcutaneous tissue (dotted line). B: Tendon border of the
clavotrapezius muscle (arrow). C: Crush injury (arrow). D: Cutting injury (arrow).

Table 1. Vibrissae observation scale

Score Movement Position
1 No movement Posterior
2 Light tremor Posterior
3 Greater tfremor Posterior
4 Normal movement Posterior
5 Normal movement Anterior

ZALe] & EFo| whg} TRIzol solution (Invitrogen, Carls—
bad, CA, USA)Z AH83I31ct %3 RNAY| 1 ugs ran-
dom hexamers (Promega, Madison, WI, USA)2} SHA} A
2515 o] g-5to] cDNAR HAAIZICE ARERE primer®] 971
AG-& Table 20) #7]5F3th Real-time PCRE StepOne—
Plus Real-Time PCR System3} Power SYBR Green PCR
Master Mix (Applied Biosystems, Foster City, CA, USA)Z

AldYsket 2 uLe] cDNA, 10 uL2] Power SYBR Green
PCR Master Mix, 2 pL.e] primers, Z12]3L 7 uL.e] PCR-
grade water= T~ 20 uL9] 9§ &3-== PCRE Ald)st
qct o] EFHES 95°CollA] 1087 HAAIH O, 95°Cofl 4]
15% & 60°CollA 152 1 cycle® 3F9] 40 cycle2 A]3Y5}o]
SZ&51t ZF TLRs?| A& pactind} 32 571412
WAL et eenebreigl e 3210 AL-g5lo] AAbslint,

F202E AEST 12 7} 7
alys1s of variance® E-A413F & schef-
glom p<. 05E 712082 B4
2 9/3e Brreksinh 3]s Bt + #F 2 2Hstandard
erron)® 7]}
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Table 2. Gene specific primers used in this study

42

Genes Primer sequences Size
TLR1 5'-TACCCTGAACAACGTGGACA-3' 165 . o
F 49 9] &% (whisker movement of vibrissae
5 ATCGACAAAGCCCTCAGAGA-3' .
TLR2 5'-GGAGACTCTGGAAGCAGGTG-3' 245  muscle) HAF
5'-CGCCTAAGAGCAGGATCAAC-3' A 4 T 4dA o=t Hart 59l ' ¢F
TLR3 5"-AGCCTTCAACGACTGATGCT-3' 232 HFTLof A= 2,60+0.89, ATho A= 1.80+045% AckTo|
i SSSMATMCOONTACTS A Y U 2 2, YU 4 AL
B B Z o] H Al 50] uhy oHHkLo A= + =]
5'-TCAAGGCTITTCCATCCAAC-3' el Bt s 59 W Aol s 1604055,
TLRS 5_-GCCAGAGCCAGATIGAAGTC-3' 168 TrolAE 1.25£0.502 Aekto A 7 U AukE Hgl
5-TGTGAATCTCGTIGGCAGAG-3’ 3, ety Akt 7F 210 445 Hof vlEf 14 Aol
TLR6 5" -GTCTCCCCACTICATCCAGA-3' 208 g upm g2 1w9k(p<0.05)Fig. 2).
5'-CCCACGTTTACCCTTCTCAA-3’
TLR7 5-AGCTCTGTTCTCCTCCACCA-3' 294 .
5"-CATGGGTGITIGTGCTATCG-3' TLR 1~13 mRNAS| Hd ¢4
TLRS 5'-CTICCAAACTIGGCAACCAT-3' 163 24 447, ek} Hektol A TLR 2, 6, 7 mRNA2)
5'-GAAGACGATTTCGCCAAGAG-3' aho] o ztol| vl T Wokth 4AF 1427, thxato] uls)
TLR9 5'-TCAACAAGAACACGCTCAGG-3 29 epubmofAi TLR 2. 6.7 mRNA®] HHglo] mreroi} =7
5'-GAGAGCTGGGGTGAGACTIG-3' Ao 0 oI5 ZolS molxll ool kol A
ke) = — O —_—
TLR10 5'-GAACTCTATCTGGCCCACCA-3' 235 Ao fofgh AolE HolAl= @l duwelAs TLR
5'-CACACCTICCCCTIGIGTCT-3' =7,9, 10 mRNA2] W&lo] Wokort TLR 2 mRNAE A9
TLR11 5'-CTCTGATGTCACCTITACTIGCCAG-3' 272 3la= EAFO g 905 2fo|= QitH(Fig. 3).
5'-AGAGGTGATGAAGCCAGGACCATT-3 2AF 427 gz 7o) vls) Qhaat Aol A TLR 9,
TLR12 5 -GCCCATGTATCTGACCAGCTIAGAG-3' 261
o] vF&o] L.olslA| A9l < A AF 140]
5" ACTGAAGTTIGGGGAGCTGCCAGA-3' 13 mRNAS] o] fefeiA] H3AeH(p<0.05). =0 1494
TRI3  5-GGATTCAGGTTIGTICCGAGCAACT-3' 264 = U=l vlsl Aektol A TLR 2 mRNAS] =HERE 57|
5'-AGCTGGAGAACATGTCAGGAACCA-3' Ao 72 Fol5H =th(p<0.05) (Fig. 3.
p-actin  5'-ACTGCCCTIGGCTCCTAGCA-3' 231
5'-GCCAGGATAGAGCCACCAATC-3' -
k1A ZF
Al7go] ArtelH &A1 4179 9jRolA] Hejidolzt
6 * 6 *
] ]
5 — 5 L
o o
g g
o 4 o 4+
(0] O
9 2
' - 5
g 3 r g 3+
[0] [0]
3 mm 3
o) [e]
8 2t = 8 2t T
5 5
> >
1 r 1+ -
0 0
A Control Crush Cutting B Control Crush Cutting

Fig. 2. Comparison of behavioral test scores in rats. A: Whisker movement of vibrissae muscle in the control, crush, and cutting group on
the 4th day after facial nerve injury. B: Whisker movement of vibrissae muscle in the control, crush, and cutting group on the 14th day

after facial nerve injury. *p<0.05.
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0.01

[ Control [ Crush Bl Cutting

-0.01 -
B TLR1 TLR2 TLR3 TLR4 TLRS TLR6
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Fig. 3. Levels of expression of Toll-like receptors in rat facial nerves. A: Expression of TLR 1-13 mRNA in the control, crush, and cutting
group on the 4th day after facial nerve injury. B: Expression of TLR 1-13 mRNA in the control, crush, and cutting group on the 14th day
after facial nerve injury. *p<0.05. TLR, Toll-like receptor; mRNA, messenger ribonucleic acid.

= WPt AlRbE drefsiidolli= A Ml (macrophage) 2t
TR (schwann cel)7} 5-83F Heha dhH, &4 417
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tosis) 0.2 A|ATE ESF R 7] c-Jun, Notch, Sox—2
59 4 AAF 28 A negative transcriptional regulator)©]|
O3} Et3H(dedifferentiation)=|HA A¥}A O &2 A% 24y
o] Yo A17do] £AHE F Z4H(axon) EEHR
Ik FAREQ] WA &4 A3t 473 (DAMPs)©] A4
= FpEbA 3o 4] TLR 2-4, myeloid differentiation pri—
mary response 88 5-°] EAS}En 0]5-2 Tumor necrosis

factor—a, interleukin—-1 (IL-1), monocyte chemoattractant

protein-1 (MCP-1)& 233Xtk MCP-12 THA] phos-
pholipase A2 (PLA2)E A=r8kaL, PLA2¢] 23] lysophos—
phatidylcholine (LPC)7} AF=55]o] 178427} v (my-
elin)2 215 Haligtc}. T3k LPCE= macrophage inflammatory
protein-lo. (MIP-10)& 2&A|7|=d], MIP-1a¢] 2J8l IL-1B
7} L2417 9] Rz A EA4F 3Y ool EulE: o] %
2744 379 WA FrRbAzo A FH]E TL-1,
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HaRgo 2 A A

7|20l ARl 417 &4 Al EASH= kAR o] Al
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A B pEbA| Zo Al TLRs 1-9 mRNAZF tiF& 2H3lo] =
7¥etthe B 9tk &A4F Ao= TLR 3, 4, 7 mRNAZ}
A WEE, &4 Folli= TLR 1 mRNAZF 3] =7 &
du)=t o]& $3ll TLR 3, 4, 7 B/l W9 7HA](im-
2> A7 &

)

mune surveillance)of] 5838t 93-S slal, TL
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Hrh? 2 QLo A= TLR 1-13 mRNAS &
T FHAEE AFH & FEAEZY &5 5 Al

Al B
UlA] BA RS Sl SRk obd ek AR
|

A4 3 e TLR mRNAZF E&o] E9ict E3] obaf
£A4Fo] AL TLR 1, 3-5, 8-13 mRNA= 74519917, TLR
2, 6, 7mRNA= S715F3c) Aek &4k9] 49 TLR 8, 11-13

mRNAE 7H438190L, TLR 1, 3-5, 9, 10 mRNA7} 497 7+
28It} 1494 £718190aL, TLR 2, 6, 7 mRNA= 7}
Stoith oFal 24 4 Ak £AF0 TEHo 2 TLR 8, 11-13
31, TLR 2, 6, 7 mRNAE 271819k 2,
A &4 %‘z TLRs mRNAX: H5E Hl&o] QNXIUP ot

o3
AA
‘ﬂ—iﬁﬂ“ TLRY 77} o+

QPR SAF e ot
R Ak 5 223HA Wate)] Afol7} 91210 2 AZEILt Rat

o

o] = A1H (sciatic nerve)S 0|83+ ALoA B 1% Ho
whE E4F WL A 3 A7of| wheh A9 41730 23]
oA Aol apol7t A7l oeF &4 A &4 T Al

AUHA A== Ao =] A|gE Ak &4
= &4 A9YRolA s Elshe Alguto] dhaE ey
2] Aol Al TLR 25= iata Agk &4F HRofA 4Y, 14
Aol o] F7tsiATE Eo] At &4 14UAol %7411—1
° 2 {o5tA S7kek= 2TE Eoith o]& F4ll TLR 27}
42173 B3} ape] ofst= Ao = AFZtelE 4 loh TLR
2, 4 mRNAE mouse®] | 318<="(ischemia) ¥ t] 72
9] o)A wrgo] Z5715k=d], TLR 2, 4 knock-out mouse
M= s & L}E}L}h 4_7:‘ S EAfo] faxsto], o]
£ 3| TLR 29} 47} 34173419 FHollA4] proapoptotic
signialing pathway®l| LJFOJ]OPJ— ol AR Sy
e vb Qlek W2A17Q1 sciatic nerveE 083 AoA =
TLR 2 knock-out, TLR 4 mutant mice”} ©FA & (wild type)

Hop Al &4 3 9 =2 5 7159 35S B30, 29
5 A17 detof|A] ] W2 RH(nerve terminal sprout)e] Z}2k

£ AE Bgp??

TLR 9, 13+= A7 &4 44A0ll= ehahatat gkt 25

14

2 od

i

Z(multiple sclerosis)Z} F-AFRH F-& mdlol 27|HelA] ]3]

£>A(experimental autoimmune encephalomyelitis) 7 X
dlof| A 254 shehEAl AlY2E(genistein)S Foi5}
Ae o ©=Z3Hdemyelination)7} Fradk=t, ojuf 4=
4170l A TLR 39F TLR 97} S7Ftet. Al 2ERQlef ofslf &
A3}E TLR 3, 97} Sa2512 oot od3he gF Aoz
Helok 2] AtolA® e o] SdsiA HdEo]
Fxole} HoflH 429 2] 280 dojub= &4 494
of TLR 97} #-2J5kA| A4agich. E3t of2 ko)A TLR 9
knock-out mouse= =&, 42}, A& A9 o]AfS Hol=
o o= Al'¥2(synapse)®] 7152} FEj o] HI}of| 7]Q1gk A
S8 o]F 53l TLR 97} A9 7ol e ofgtrial
6—]'0:]]4'24'25>
QFHAIZ L] A7 w3E+= QI7E AR
oA frAkekH, 7 2 77]% 5
W AL AT 9T =
9] 2 (whisker movement of vibrissae muscle)—% oAl
749] FH, stelAlol ofsf AufE= Ao w dEA St
o] &o] *]0”5] °q¥50ﬂ w2 QFHAIE S At Fofl=
50| 25| AAE: SAIRE 929 A+t
‘T’_]’ 44700 &= 2.840.4, 14440+ 2.25+
0.5= g+ 4\—0"150 =2 Yo] =G, o] = AYA Yo ¥
w4 %dol| ot =F ARl e FA1Y
R il

=
A A

7Fs/dol dek E3F QF

4, 14%_101 ﬁﬁfﬂ T SAsiple g A7 A 1Hgo] %l
%o A%k (synkinesis)©o] Tl L4E] 59|
ERg 5= Q1o AFxAIA Q) oo}l A] (infraorbinal branch of
trigeminal nerve)7} A ZHof| A BIQPHAIAAY Fage

5ol o3RS ]-‘—/HE 0]]—4_26,27)

PS8 A SUck WA W, Sl Aok ol
B4, SR, FIAE B9 SRera ol g viwst o

O

o). Al i, Al ehgloAje] HAo
o1 Aol Gelel A 31 A U < Bl
Pz

uf
rr
Y
)
lo
1o
~
pacs
o
a:)
Lo
b
re
-
2
>
£
2
<}
=
=5
@]



7P At b A7E4 & TLRs mRNAS| Ha o) ¥
S} Al e] AT A Bl wedslal Slee o

ek

Acknowledgments

This study received the excellent research topic of resident award
from the Korean society of Otorhinolaryngology-Head and Neck
Surgery.

This work was supported by the National Research Foundation of
Korea (NRF) grant funded by the Korea government (NRF
2018R1A6A1A03025124). The study protocol was approved by the
Kyung Hee University Clinical Research Ethics Committee
(KHMC-IACUC 21-005).

Author Contribution

Conceptualization: Hye Kyu Min, Young Il Kim, Sang Hoon
Kim, Seung Geun Yeo. Data curation: Hye Kyu Min, Jae Min Lee.
Formal analysis: Jun Yang Jung, Seung Geun Yeo. Funding acquisi-
tion: Sang Hoon Kim, Seung Geun Yeo. Investigation: Hye Kyu
Min. Methodology: Jun Yang Jung. Project administration: Seung
Geun Yeo. Resources: Young Il Kim. Software: Hye Kyu Min. Su-
pervision: Seung Geun Yeo. Validation: Sang Hoon Kim. Visualiza-
tion: Jae Min Lee. Writing—original draft: Hye Kyu Min. Writ-
ing—review & editing: Hye Kyu Min.

ORCIDs

Seung Geun Yeo https://orcid.org/0000-0001-8021-1024
Hye Kyu Min https://orcid.org/0000-0002-6123-4674
Jae Min Lee https://orcid.org/0000-0002-7546-9765
Jun Yang Jung https://orcid.org/0000-0003-3946-5406
Young Il Kim https://orcid.org/0000-0002-4178-8119
Sang Hoon Kim https://orcid.org/0000-0001-5045-5060

REFERENCES

1) Takeuchi O, Akira S. Pattern recognition receptors and inflammation.
Cell 2010;140(6):805-20.

2) Lee MS, Kim Y]J. Pattern-recognition receptor signaling initiated
from extracellular, membrane, and cytoplasmic space. Mol Cells
2007;23(1):1-10.

3) Kim MJ, Cho YK, Pattern recognition receptors in immune
modulation. Biowave 2006;8(12):1-22.

4) Kawai T, Akira S. The roles of TLRs, RLRs and NLRs in pathogen
recognition. Int Immunol 2009;21(4):317-37.

5) Opitz B, Eitel J, Meixenberger K, Suttorp N. Role of toll-like
receptors, NOD-like receptors and RIG-I-like receptors in endothelial
cells and systemic infections. Thromb Haemost 2009;102(6):1103-9.

6) Okun E, Griffioen KJ, Mattson MP. Toll-like receptor signaling in
neural plasticity and disease. Trends Neurosci 2011;34(5):269-81.

7) Frederiksen HR, Haukedal H, Freude K. Cell type specific
expression of toll-like receptors in human brains and implications

TLR Expression after Facial Nerve Injury I Min HK, et al.

in Alzheimer’s disease. Biomed Res Int 2019;2019:7420189.

8) Kilic U, Kilic E, Matter CM, Bassetti CL, Hermann DM. TLR-4
deficiency protects against focal cerebral ischemia and axotomy-
induced neurodegeneration. Neurobiol Dis 2008;31(1):33-40.

9) Lee HY, Byun JY, Park MS, Yeo SG. Steroid-antiviral treatment
improves the recovery rate in patients with severe Bell’s palsy. Am
J Med 2013;126(4):336-41.

10) Kang HM, Jung SY, Byun JY, Park MS, Yeo SG. Steroid plus
antiviral treatment for Bell’s palsy. J Intern Med 2015;277(5):532-9.

11) de Faria SD, Testa JR, Borin A, Toledo RN. Standardization of
techniques used in facial nerve section and facial movement
evaluation in rats. Braz J Otorhinolaryngol 2006;72(3):341-7.

12) Hadlock TA, Heaton J, Cheney M, Mackinnon SE. Functional
recovery after facial and sciatic nerve crush injury in the rat. Arch
Facial Plast Surg 2005;7(1):17-20.

13) Gaudet AD, Popovich PG, Ramer MS. Wallerian degeneration:
Gaining perspective on inflammatory events after peripheral nerve
injury. J Neuroinflammation 2011;8:110.

14) Briick W. The role of macrophages in Wallerian degeneration.
Brain Pathol 1997;7(2):741-52.

15) Jessen KR, Mirsky R. Negative regulation of myelination: Relevance
for development, injury, and demyelinating disease. Glia 2008;
56(14):1552-65.

16) Stoll G, Jander S, Myers RR. Degeneration and regeneration of the
peripheral nervous system: From Augustus Waller’s observations
to neuroinflammation. J Peripher Nerv Syst 2002;7(1):13-27.

17) Martini R, Fischer S, Lopez-Vales R, David S. Interactions between
Schwann cells and macrophages in injury and inherited demyelinating
disease. Glia 2008;56(14):1566-77.

18) Scherer SS, Wrabetz L. Molecular mechanisms of inherited
demyelinating neuropathies. Glia 2008;56(14):1578-89.

19) Salzer JL, Brophy PJ, Peles E. Molecular domains of myelinated
axons in the peripheral nervous system. Glia 2008;56(14):1532-40.

20) Goethals S, Ydens E, Timmerman V, Janssens S. Toll-like receptor
expression in the peripheral nerve. Glia 2010;58(14):1701-9.

21) Stanisz GJ, Midha R, Munro CA, Henkelman RM. MR properties
of rat sciatic nerve following trauma. Magn Reson Med 2001;45(3):
415-20.

22) Tang SC, Arumugam TV, Xu X, Cheng A, Mughal MR, Jo DG, et
al. Pivotal role for neuronal toll-like receptors in ischemic brain
injury and functional deficits. Proc Natl Acad Sci U S A 2007;
104(34):13798-803.

23) Freria CM, Bernardes D, Almeida GL, Simdes GF, Barbosa GO,
Oliveira AL. Impairment of toll-like receptors 2 and 4 leads to
compensatory mechanisms after sciatic nerve axotomy. J
Neuroinflammation 2016;13(1):118.

24) Dias AT, de Castro SBR, de Souza Alves CC, Evangelista MG, da
Silva LC, Reis DRL, et al. Genistein modulates the expression of
toll-like receptors in experimental autoimmune encephalomyelitis.
Inflamm Res 2018;67(7):597-608.

25) Patel V, Patel AM, McArdle JJ. Synaptic abnormalities of mice
lacking toll-like receptor (TLR)-9. Neuroscience 2016;324:1-10.

26) Heaton JT, Kowaleski JM, Bermejo R, Zeigler HP, Ahlgren DJ,
Hadlock TA. A system for studying facial nerve function in rats
through simultaneous bilateral monitoring of eyelid and whisker
movements. ] Neurosci Methods 2008;171(2):197-206.

27) Heaton JT, Sheu SH, Hohman MH, Knox CJ, Weinberg JS, Kleiss
1J, et al. Rat whisker movement after facial nerve lesion: Evidence
for autonomic contraction of skeletal muscle. Neuroscience
2014;265:9-20.

www.kjorl.org 443





