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Life-cycle of ticks

Borreliosis (Lyme disease)
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Ixodus species " 4
-Ricinus (EU)
-Scapularis (USA)
Borrelia sensu lato Erythema Migrans
l . a .

Lyme Disease
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Iceman's DNA reveals health risks and relations.

Otzi’s genome hints at heart disease, bacterial infection and common ancestry with
modern-day Sardinians.

Ewen Callaway

28 February 2012

“Otzi’s genome also hints at other health problems: Zink’s team found almost two-thirds of the
genome of “Borrelia burgdorferi,” a bacterium that causes Lyme disease”.
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Infection of Humans with Borrelia

Borrelia infections in The Netherlands

1994

Rareal wrythares vagrere dhagoena el \DO000 batnes b Nedetared
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Borrelia infections in The Netherlands

1994
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1 Early disease-> EM (75% of patients)

2 Early phase-> multiple EM,

logic, and/or cardiac findings, malaise

3 Late (persistent) Lyme disease-> joint swelling and pain, neurologic manifestations,
paralysis, chronic arthritis
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T Ravh ot bite ste 35, Slowed pulze
2. Rashes atather sites 0. Testicular enlargement
3. Fever, chils,swe: 41, Nodules on earlobes
4. Weight change (lossor gain) 42. Stomach distension
5. Fatigue,trecness 43, Breathing with mouth open
S e s en 1 Early disease-> EM (75% of patients)
5. Sore Throat 46. Shortness of reath
5. Testicular pain o Pelvic pain a7 (sensitive to Jsmell)
10. Unexplained menstrual rregularty 48, Feelng drunk without drinking
11, iritable bladder or bladder dysfunction 49. No desire to do anything- including fovorite hobbies
12, Sexualdysfunction orloss of lbido 50. Too slowa pulse when resting
13, Upset stomach 51, Rapid pulse with lightest exertion
14. Change in bowel function, constpation 52, Perfuse sweating-soaking wet fyou go snow sking
15. Chest pain or rib soreness 53, Muscle pains, cramps or charley horse
16. Shortness of breath, cough 54, Painsswitching from one side o the bady to the ather
17. Heart plpitations, pulse skips, heart block 55. Enlarged lymph lands
18, Jointpain o swell 56, iiff aching neck
18, Muscle pain or cr 57. Changes invsion
20. Twitching of the face or other muscles 56, Generalized acheyness
21, Headache 59. Limb- especialy arms feel heavier than normal,
22. Neck creaks and cracks,neck stffness 60. Diminished or absent reflexes . . . . P .
23, stiffness of the joints o back 61. Brainfog 2 Early disseminated phase-> multiple EM, neurologic, and/or cardiac findings, malaise
24, Tingling, numbness, burning ora stabbing. 62. Poor coordination/ataxia
25. Facial paralysis (mouth s crooked on one side when you talk 63, Continual infectons
infront o 3 miror-Belrs Pasy) 64. Poor concentration
2. &  burry, pain, 65. Decreased abilty to spell correctly
frontofvision) 66. G distress/abcominal pain
27, Ears/hearing: tinging buzzing, ea pain 67. Poor word retieval/Aphasia
28, Dizziness, poor balance,increased motion sickness 66 Anxicty
29, Light-headiecess, wootiness, difficuty walking,clumsy 69, Difficuly swallowin . : . . .
bumpingnto ohjects e %0 Nauseafooming 3 Late (persistent) Lyme disease-> joint swelling and pain,
30. Tremor y . -
33, Confusion,dificlty n thinking,dificuty n concenrating, paralysis, chronic arthritis
difculty with sicking with task clet
32, Diffcultywith concentrationor reading 74. Changes n taste o smell
33, Decreased short term memory 75. Obsessive-Compulsive symptoms
34. Disorientation: riving past your turn, geting Iost, ging to 76. panicattacks
wrongplace 77. Changes n cerebralbiood flow/brain waves
35. Diffcultywith speech 78, Number reversal
36. Mood swings, rtablty, depression 79. LightSensiivity
37. Disturbed sleep: too much, 0o itle, early awakening: goes 80, Trigeminal neuralgia (TW1)
& e Radboudumc
38. Exaggerated symptoms or worse hangover from alcohol 82. Lossof temperature control
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B.burgdorferi Arthritis
How ticks get infected with Borrelia spirochetes

B.afzelii Skin disorders; ACA ‘ ‘
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\ssina/ &y Ll N/ - § )

cel g o g/
B.garinii Neurological disorders; paralysis \ — .
[ -
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. . . C ti ts: B lia burgdc i lat
Borrelia belongs to the family of Spirochetes g;ﬁ;ﬁ;ﬁff‘;affgf gg:{’iiﬁj’”‘e" sensulato

tesekazhon L[S

ey e Carapocase

—  B.burgdorferi
B.afzelii

=== B.garinii

..... other
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Spirochetes of the Borrelia genus

Dissemination

v, —
= ——— Corkscrew-shaped

<

. Tick-gut: Osps

%,x:,, s T o2osum Gram negative
T > 3

. Tick-human: Salp
. Human-matrix:Adhesins
r'vﬂv'm

. Human-endothelium:MMPs

. Human-cell binding: p66 integrin

NO LPS

Protoplasmic cilinder
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Escape mechanisms
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Recognition of Borrelia

Pro- / anti- inflammatoiry|
cytokines|

Innate immunity

Early defense mechanism; fast but unspecific

Adaptive immunity
Later defense mechanism; slower but specific

-Antibodies
-Memory
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How does a macrophage know
what to eat? RECOGNITION

Focus of my research

Surface of Borrelia exists out of building blocks...

salivary glands

Pro-/ anti- inflammatoiry)
cytokines|

Many types of building blocks...
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How is Borrelia recognized?

LTI

Borrelia bacteria
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The hOSt response @ @ How is Borrelia burgdorferi recognized? (key-lock principle)
Q @@ a9
aQ @ a PRR Pattern Recognition Receptor
2g
. _,_,g/p\\ IL-1B
@:’( ) / 3 a Secreted PRRs .{'- —
J E i"_ Q TLRs
Macro - L g
phage T-helpercell ™
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» Recognition Cytokineresponse Radboudumc

#“_F PRR-focused research
h e Yo i
TLR22 TLR12 TLR6)2  TLR4 TLR?‘B MR L o e
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! SNP \
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Research using blocking antibodies Recognition by PRRs

Example: PBMC

TLR2/1

Conclusion

o P .
= Borrelia is recognized
- by TLR1 but not
TLR6 o
GGACGTTAC GGACATTAC
CCIGCAATG JCITAATG
—®—" Wild-type SNP

s U SNP : Single Nucleotide polymorphism
> L NEEDED: - functional data (PBMC)
) ] -DNA

I . - MAF > 20%
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Do SNPs in TLRx influence Borrelia-derived cytokines? " .
Link SNPs to clinical outcome
Foresters (n=112) IL23RWt  IL-23He  IL-23RWE IL-23 He
n 102 25
PBMC ‘/\ DNA M 16 4 16% 16%
l l » bow
Stimulation
24h SNP assay Clinical signs : 51 9 50% 36%
J joint 20 3 20% 12%
ELISA - -back/pareshesia 20 6 20% 24%
- -heart 6 0 % 0%
-ACA 5 0 5% 0%
O TLRx Wt nrw na 0N noLyme 63 18 62% 72%
- TLRx He Lyme in past 27 5 26% 20%
W TLRx Ho possible Lyme 9 1 9% 4%
not known 3 1 3% %
. Radboudumc
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What we demonstrated so far
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Future plans

Study effect of microbiome and habits on immune

responses
- -blood
. -swaps
\ - -urine
-faeces
b -questionnaires
1. N=500 -

2. Llyme patients
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-blood functional data (PBMC, macrophages, transcriptomics)
RNA sequencing
Next generation sequencing (SNP analysis)
metabolomics (plasma samples)

-swaps microbiome analysis
-urine metabolomics
-faeces microbiome and fungal-biome analysis

-questionnaires demographic, education, illnesses, allergies,

What can we do with this
knowledge?

-In the future: inhibit or prevent
infection with Borrelia

-Screen patients on variants to
predict clinical outcome

-Personalize treatment strategies

food, etc
Radboudumc Radboudumc
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