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 ANSM (French drug agency)

— Former Member of the ad hoc expert group on tattoo inks —
France/EU (N, Dk, No)

e Contacts on specialized forums
— Dermatologists, physicians
— Tattooists
— Tattooed customers

* Honorary member of the french tattoo
union (SNAT)

*  Former free lance journalist for a tattoo magazine
* Otattoos










Tattoo and cancer is not a new issue

* Goldstein N. Tattoos today. From eyelids to ankles and some
in '3-D'. Arch Dermatol. 1985;121:604-5

 Prediction of an increased rate of skin cancers with the
increased prevalence of tattooing




Tattooing is a unique toxicologic model

e Persistance in the dermis during the whole life of the
bearer

e « bolus » of high concentration of pigment in a single
shot

 Lymph node transport

* +/-rest part of the body (?)




[product] inhaled
by cigarette

[product] dermis

»
»

Time (mo, years)

»
»

Time (mo, years)

One/several tattoos for a lifetime




Tattoos and cancers

e (Can tattoos give rise to skin cancers ?
— Do epidemiology, clinical and histopathology
support that hypothesis ?

THE LANCET Oncology

Wkl B4 A wam Saadarcet comsmlogy

— How?
— Which type of skin cancer ?

e (Can tattoos give rise to other cancer ?

— Can tattoo pigments or by-products go in to
blood flow ?

— Can they deposit in other organs ?

Kluger N, et al. Lancet Oncol 2012;13:e161-168




Same risks ?




Skin
cancers




4
N
Ne}
4
o
Q
o
-
=)
—
=)
N
—
Qo
o
9}
S
>
S
+~
(]
3
\5)
Q
<
<
<
S
+~
(\5}
=
o
5]
(&)
=
<







— Melanoma
— Squamous cell carcinoma
— Basal cell carcinoma

— Cutaneous lymphoma (1)
— Leiomyosarcoma (1)
— Dermatofibrosarcoma protuberans (2)

— Traumatized naevus, seborrhoeic keratoses, histiocytofibroma,
epidermal cysts, milia




A popularity among the young...

U SA (Laumann AE, et al. ] Am Acad Dermatol 2006)

— 24% (n =500, 18 — 50 yo, lllinois)

* (Germany stima, etal. s psychosom res 2006)
— 8,5% (n > 2000, 14 - 93 yo)
— 15% among the 14 — 44 yo
— 22% among the : male 25 -34 yo

 France 10%, and 25% between 25-34 YO (#2010

° F|n|and 15%, amOng the 20'30 yO (nuorisobaromeetri 2009)




1953-56 1957-60 1961-64 1965-68 1969-72 1973-76(1977-80 1981-86
(64) (72) (58) (B6) (67) (47 (54) (61)

+ Tattaoed
+ Tattooed or consaderad talioo
+ Body plerced

f—— Body plerced or conaiderad body
' plercing

Tattooed p=0.01
Conssdered tatioo p=0.003
Pierced p=-<0.001
Conseidered piercing p=0.02

Laumann AE, Derick AJ. Tattoos and body piercings in the United States: a national data set. ] Am Acad Dermatol. 2006;55:413-21.




Table 2. Features of tattoos in the total htL'lLi"-.' ["'L]["L’llil[’:l]:‘l

* Germa ny Females Males Total
—_— 3’411 tattooed |nd|V|dua|S Number of tattoos (n/a: 6; 0.2%) — —
. 812 470(33.6) 1,282 (:

— JUIY 2007 — March 2008 . Ea{125) 202 (144) 452 (

9 1 to 3 tattoos 132(9.4) 264 (7.8)
=11 = 2.7) lo6(11.9) |
Age group at first tattoo (n/fa: 12; 0.4%)
Minor (<18 years) 422 (21.0) 178(127)
Adult (=18 and <35 years) 1,509 (75.1) 1,127 (80.4)
Adult [ =35 years) od (3.3) 93T6.7)

Age group at most recent tattoo (n/a: 3; 0.1%)
Migor (<18 vearsl 137 (6.8 A4(3. 11
Adult (=18 and <35 years) 1,704 (84.8) 1,115(795)

Adult (=35 vears) 159 (7.9) 240 (17.1)

Al |J'I?IIIIJ:"|I'|'|'!_LL: data refer to the most recent tattoo
Localization (nfa: 43; 1.3%)
Trunk
Arms Adult 18 - 35 yo
Legs 391 (19.4) 223(159) tld
Head/neck 58 (2.8) 34(2.4) a2
Type (nfa: 3; 0.1%)
Professional 1,947 (96.9) 1,339(95,5) 196.3)
Amateur 33(Le) 59042 02 (2.7)

Permanent makeup 25 (1.2) 3(0.2) 28 (0.8)
Medical tattoo 2 (0.1) 1(0) 2(0.1)
Size (mfa: 2; 0.1%)

25 om* 232 (11.5) 6l (4.4) 293 (8.8)
50 cm- ]
100 cm? > 300 cm2 : 61% )
150 cm- T =7 ]

300 cm- 509 (25.3) 339(24.2) 848 (24.9)
900 cm* % [ 15.5]) 350(25.0) Hel (19.4)
=900 cm- 232 (11.5) 332 (23.6) 56d (16.5)

ILAIT 13
=

Kligl I, et al. Dermatology 2010,;221:43-50




Age (years) Duration of
atdiagnosis tattoo at
and sex presentation

Delay of onset after tattooing/prior
to diagnosis*®

Tattoo location

Colour within affected

area

Chronic sun
EXpOSURE

Other skin cancer

Shardit (1938}

Allen (19671

Kirsh (1069)%

Kirsh (1972)"t
Waolfort et al (1974)%
Bartal et al (1980)™

Bartal et al (1980)™

Lee and Craig (1984)"

Kircik et al (1993

Sorowsh et al {1957/

¥han et al (1999)"

Stinco et al (20037

Paradisi et al (2006)F

Shariff et al (2006)®
Singh et al (2007
¥luger et al (2008}

Yargaetal (2011

.M 3 months
A
27 years

29 vyears

2 years

& years

44, M
16, F

=2 years
10 years

T M 20 wyears

26, M MA

36, M 10vears

48, M I0vears
CE, M A

T ':'_. M

=40 years

5 years

MASMA
FdA
26 years/1year

24 yeary'§ years

2 years/MA

Byeary NA

Two metastatic malignant modules
from a melanoma of the left forearm
localisation

=16 years/ 4 years
Qyeary 1year

16 years/4 vears

Pre-existing naevus, modification for
3 years

Prexisting naevus, modification for 1
year

30 vears/3 months
MASMA, recent change in colowr
PlAy A

4 years/ pre-existing naevws,
madification for 1year after atrawvma

Forehead
Arm

Right arm

Right arm

Breast (radictherapy
field marking tattoo)

Back (radiotherapy
field marking tattoo)

Chest
Right scapula

Abdomen

Right arm

Left scapula

Left scapula

Right arm
Right arm

Left arm

Right arm

Indelible pencil puncture

MA

Blue

Red

Black (Indian ink)

Black (Indian Ink)

Blue
Dark blue-green

Black

Black, blue

Dark blue

I
A
Black. dark blue

Black

[l
[l
Outdoor recreational

and occupational sun
EXposure no sunbum

Cutdoor recreational
and occupational sun
exposure. no swnburm

MA

Dutdoor recreational
and occupational sun
EXpOosure. no sunbum

MA
MA

Farmerwith chronic
UM SpOEUre

A

A
MA
Developed a

second melanoma
on tattoo-free area

Mo

Kaskel at al (2000F" also mentioned a case of melanoma on the arm over a 10-year- ol tattoowithout other detail. M=male. NA=data not available specifically. F=female. * Delay of onset after tattooing=time
span between tattoo application and ocosrence of skin tumoar in the attoo. Delay prior o diagnosis=time span between first noted ocourence of skin lesion in the tattoo by the patient and the medical
consultation that confirmed diagnosis. flouble prblication of the same @Ese.

Table 1: Main characteristics of reported cases of melanoma arising in tattoos




Vraga E, et al. J Cutan Pathol 2011
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melanoma area

¥ 5y

oy

Tattoo pigme‘nts

-

Superficial spreading melanoma




Superficial spreading melanoma + nodular evolution

Kluger N, et al. Acta Dermato Venereol 2013, under press




Durationof  Delay of onsetafter Tattoo location Colowrwithin affected  Chironicsun exposure Other skin
tattooat tattooing/prior to area cancer
presentation  diagnosis®

Bashir (1976 ’ 20 years 17 vears/Jvears Temple (therapeutic tattoo) Dark pigment (carbon)  MA. but miost likely (southern Irag)
Bashir (1976 2, 15 vears 11 years/dyears Temple (therapeutic tattoo)t Dark pigment (carbon)  MA, but most likely (southern Irag)
Earley (1983)F 76, M 57-5vyears 55 vears/2-Syears Shoulder Red MA

Earley (1983 64, M 40 years 40 years/MA Hand Dark black pigment MA, most likeky

Wiener and Scher (1987 34, 46 vears MAJMA, Left anm Blue-green Yes (merchant seaman), but no
other lesion related to sun
BpOsUne

Doumnat et al (200458 ; 1vear 1yean NA Left smpula \ Mo (applied sunblock regulary) M
Birnie et al (2006)™ 3, G years b years/MNA Central badk Mo Mo

Kluger et al (2008 7 years 2-Iyears/4-Syears  Shoulder and badk Yes Several BOCs
and cne

meelanoma
Lee et al 20097 0, 5 years 3 vears/2 years Evebrow (cosmetic tattoo) Blad: } Mo
COmidian and Emad-Mostoll 64, F 30 years 29 years/14 months  Upperlipd Elue-black v} Mo
(20049)F
Omidian and Emad-Mostofi 72, A MA1year Upper lips Elue-black f Mo
{2009)*

F=female. MA-data not available specifically. M=male. BOC=hasel-call carcinoma. *Delay of onset after tattooing=time span betwesn tattoo application and cccurence of skin tumour in the tattoo. Delay prior to
dizgnosis=time span between first noted ooourence of skin lesion in the tattoo by the patient and the medical consultation that confirmed dizgnosis. TApplied as part of traditional medicine for treatment of
headachs. #0hronic sun exposure not mentioned, but most liksly according o the precise kecation of tattoos. STraditional religious franizn tattoeos

Table 2: Main characteristics of reported cases of basal cell carcinomas arising in tattoos

Kluger N, et al. Lancet Oncol 2012;13:e161-168




Birnie AJ, et al. Clin Exp Dermatol 2006; 31: 820-21.
Lee JS, et al. Ann Dermatol 2009; 21: 281—-84.
Omidian M, et al. Arch Iranian Med 2009; 12: 198.




Age Durationof  Delay of onset after Diagmosis (KA orSCC)  Tattoo location Colourwithin Chronic sun Other skin
[wearsjat tattooat tattooing/prior to affected area PO e cancer
diagnosis  presentation diagnosis®

and sex

MacCuarrie (1966)9 1 years MA g Fed
Cipollaro {1573)% 6 months 4 months/Z months Red
Goldstein (1979)* A MA Red
Goldstein (1979)= A MA 4 Red
Pitarch et al (2007 10vears 10 vears/d months  Well differentiated 5CC  Right arm Black
Pitarch et al (2007 10 momths  NA/MA [“recent™) Well differentiated SCC  NA Black

MA A KA Fed and black

HA
MA
MA
MA

MA
MNA

Kleinenman et al (2007)% g years 4 years/1 month KA Right calf Fed M, African American
origin
Chiormy et al (20079 Iweeks I wesks/MA, patient  Eruptive KA (x4) Left forearm Red, black, and M
consult occurred vallow
soon after
Tan-billet et al {2007 )% Jweeks Aweeks/NA SCC withwermecous Right forearm MA s, several actinic
features keratoses
Kluger et al (2008)" 15 months  Gweeks'l month KA Scapula Red 7]

Goldenberg et al (2008)™ 1months 1 month/MA Eruptive KA (x5) Left forearm MA, mamy colours WA

Ortiz andYamauchi 7-10 day= 7-10 davs/NA SCC (KA-like feature) Upper lip [cosmetic Red (permanent Mo
{200y tattoo) make-up ink)
A MASS weeks Right leg Red and yellow MA, but most likely  Actinic
MASMA Armi Fed keratoses and
Right =hin Fed melanoma
in situ of the
scalp

.
=

Fraga and Prossick (2010)"

L un
[= R Wy Y

Fraga and Prossick (2010)" A

Fraga and Prossick (2010)" A

Fraga and Prossick (2010)" hA

Fraga and Prossick (2010)® A KA and SCC
A KA
A MA KA
A MA KA

3

Fraga and Prossick (2010)"
Fraga and Prossick (2010)"
Fraga and Prossick (2010)"

Vitiello et al (2010 months 1 month/2 months  Enuptive KA [x8) W&, African American

origin
zonAdos et al (20094 B0, 4 month I months'l month KA Right leg ed M
Sarma et al (2010)¥ ; =50 years A BA Poorly differentiated Left forearm : es, homeless and
SCC sun-damaged dermis
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Chorny JA et al. Arch'B atol 2( . . — ger N et al. Am J Clin Dermatol 2008

| Squamous cell carcinoma

"% pitareh G et al. JAAD 2007 i
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Issues with keratoacanthoma,
pseudoepitheliomatous hyperpla5|a

Cafomight © 2000 Tohr Wiy & Swms A58
I —

Journal of

Cutaneous Pathology

and squamous cell carcinoma within
tattoos: a clinical point of view

e Distinguishing PH, KA and SCC can be challenging

— KA is nowdays considered as a variant of SCC

— Full-thickness biopsies and/or surgical removal of the entire
lesion + thorough histological examination
— Follow-up of the patient in case of KA or SCC on tattoo

* PH and KA occur rapidly after the procedure (< 1 year) ++

 SCC occur usually within years after ++

Kluger N. J Cutan Pathol 2010,37:812-3.




Kluger N, et al. Dermatology. 2008;217:219-21; Hutton Carlsen K, Serup J. J Eur Acad Dermatol Venereol. 2013. doi: 10.1111/jdv.12093.




* The probability of having a fortuitous lesion
increase with the tattooed surface

. Age—spgciﬁc rates per 100 QDG Other skin  Age-specific rates per 100 000
Sl oIt Incidence (2006-2010) Incidence (2006-2010)
Male Female Eelneel Male Female
150 600

500

400

300

200

100

0

45- 55- B5- 75— 85+ 0- 15— 25- 35- 45- 55- 65- 75— 85+

NORDCAN age NORDCAN age
Kluger N, et al. Dermatology. 2008;217:219-21; NORDCAN (association of Nordic Cander Registries)




Keratoacanthoma / PH

Red +++
Occurs within days to a year

Rapid growth

Trauma +++
Inflammation +++
Tattoo inks

Basal cell carcinoma

Squamous cell carcinoma

Red

Occurs within several years

Slow growth

Tattoo inks
Other factors (UV...)

Melanoma

Dark color

Occurs within several years

Slow growth

Lack of detection, delay in diagnosis, UV, trauma (?)...




2 lesions at 2 different sites on the same 2 lesions at 2 different sites on the same
tattoo : tattoo :

1) PH and 2) KA SCC 1) KA and 2) SCC

No case of “double” melanoma on one

tattoo so far
Ortiz A, et al. ] Am Acad Dermatol 2009;.60:1074-1075
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~Tattooing and naevus




Naevus trauma during tattooing

 Melanocytic nevus is the most common skin lesion

* |n case of trauma, it can display worrisome clinical
appearance that prompts the realization of a full-excision

of the lesion

Kluger N, et al Naevus and tattooing: a matter of concern. J Eur Acad Dermatol Venereol. 2008,22:767-8.







Dr S Reberga, Toulouse
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Kluger N, et al. Nouvelles Dermatologiques 2010; 29:3-4
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Follow-up

e Atypical mole
syndrome

* Personnal history of
melanoma

e Difficult follow-up

Kluger N, Thomas L. Arch Dermatol 2008Dermatol. 2008;144:948-9.
Gall N, et al. J Dtsch Dermatol Ges. 2007;5:1120-1. f




die i

Follow-up Yy FPaa

1

Dermoscopy (!?!)

Dr H.Garat, Tournefeuille

Kluger N, et al. Arch Dermatol 2008




Naevus: what to do

* Personnal history of

melanoma
— No tattoo

= 71

\ i""'i’, St s B
Dr F | r )3.!-;-, N

e Patients with familial history of melanoma, atypical mole
syndrome or numerous naevi

— Wait to be aged 20 — 25 years (all the naevi have
appeared)

— Avoid areas full of naevi
— Choose a « clear » design, small size, light colors
— Tattooist should avoid tattooing on naevi

Kluger N, Thomas L. The dragon with atypical mole syndrome. Arch Dermatol 2008
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Nam H el al. A pitfall of 18-fluorodeoxyglucose-PET in a patient with a tattoo. Lancet Oncol 2007;8:1147-48




 To date, no convicing case report suggests so
— One case report rather “debattable”
 The concentration and exposure remain low

 Even if metallic salts are introduced in the dermis, there
is no proof of they are released in the circulation

e If so, the exposure will be different to “conventionnal”
chronic exposure

Fircanis S, et al. The girl with the iron tattoo. Virulence. 2012 Oct 17,;3(7).
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CLINICAL AND LABORATORY INVESTIGATIONS British Journal of Dermatology

Tattoo inks in general usage contain nanoparticles
T. Hagsberg, K. Loeschner,* D. L6ff and ). Serup

Department of Dermatology, Copenhagen University Hospital, Bispebjerg, Bispebjerg Bakke 23, 2400 Copenhagen NV, Denmark
*Division of Food Chemistry, National Food Institute, Technical University of Denmark, Morkhaj Bygade 19, 2860 Seborg, Denmark
tR&D, Dyrup A/S, Glodsaxevej 300, 2860 Seborg, Denmark

Summary
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DOI 10.1111/}.1365-2133.2011. 10561 x

Background To our knowledge tattooing has never been thought of as a method of
introducing nanoparticles (NPs) into the human body by the intradermal route,
and as such it has never been a topic of research in nanotoxicology. The content
of NPs in tattoo inks is unknown.

Objectives To classify the particle sizes in tattoo inks in general usage.

Methods The particle size was measured by laser diffraction, electron microscopy
and X-ray diffraction.

Results The size of the pigments could be divided into three main classes. The
black pigments were the smallest, the white pigments the largest and the col-
oured pigments had a size in between the two. The vast majority of the tested
tattoo inks contained significant amounts of NPs except for the white pigments.
The black pigments were almost pure NPs, ie. particles with at least one dimen-
sion < 100 nm.

Conclusions The finding of NPs in tattoo inks in general usage is new and may
contribute to the understanding of tattoo ink kinetics. How the body responds to

NP tattoo pigments should be examined further.




A critical view
on the risk assessment
by toxicologists
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Ingredients
C.i. 77491

Glycerin; distilled water;
Isopropanol

a  Deep Indig?

Dark Choc0“

i I

Doy

r'id'

e

b WYeening gistilled water; 508






Tabhle 1. Percentage of Elemental Composition of Tattoo Pigments Obtained by X-ray Diffraction™

Elemenit

ﬁlaniuﬁhminum Silica Copper Chromium kon Chlorine Suliur Gamnn Oxygen \ Magnesium
Slock No. Color < 22 13) (14) 29) (24) (26) (17) (18] (6] (8] 12}
8001 Bk ~— 0z 85.95
8007 White 98.55 145

g Fire red 2621 958 10.7%
a022 Flesh No.1 (tan) 74.27 1.75 23.98
8031 Indizn brown 4193 0.76 57.26
900 Grimson red

9002 Dewils red 27.65 26

9008 Lotus (red) 40017 32

9009 Venefdian brown 033

9014 Florida orange

a7 Lemon yellow 53.06 1.86

9022 White 95 41 359

9023 Black

9024 Permanent green 0.9

9025 Emerald green 545 049

9026 Pine green 44 34 408

9029 Parmot gresn 58.57 251

9036 Sky blue 37.95 19

9061 Blue green 114

3090 Ceriga (red) 51.51 218

9091 Y ukon white 94 93 .02

9092 Misty green 51.5 251

9093 Misty blue 94 32 413

9094 Tulip yedbow 27.29 229

9095 Peony (pink) B63.77 233

9096 New blue 50.93 236

9047 Blush (orange) 58.06 225

9093 Wild violet 65.29 288

9099 Tulig red 013

Not applicable  India ink

TNTERC vaues & fme fave rapresent e eemeia pacardare i e Covmpo st of e DN, E
erRmca mmhar oerowr e aeimar repe s #5 TG IuTToaT,

Timko AL et al. Arch Dermatol 2001;137:143-147; Clarke Beute T, et al. Dermatol Surg 2008,;34:508-516




Tabelle 1: Elementanalytische Zusammensetzung nativer Tattoofarb-
stoffe. Zusammenfassung der EDS-Analysen verschiedener Farbton-
proben.
Table1: Elemental composition of tattoo dyes. Summary of results
obtained by EDS analysis of different colors.

Schwarz

(hauptsichlich C), P und S, wenig Si und Al

Violett

AL P, §,Cl, Ti, Cr

Griin

Al, P, Cl, Ti, Cu, einige Tone auch Cu-frei

Rot

Al Sy, S, Cl

Gelb

Si, AL, Ti, S

Blau

Na, Al, §i, P, S, Cl, Ti, Cu, K, Ca

Schmitz |, et al. IDDG 2004;,2:350-353




Market survey on toxic metals contained in tattoo inks

Giovanni Forte **, Francesco Petrucci ®, Antonio Cristaudo ®, Beatrice Bocca®
4 [stituto Superiore di Sanitd, Viale Reging Elena 299, 00161 Rome, [taly

* Erituto Demmatologico 5 Gallicans, Via Eho Chignest 53, 00044 Rome, [ialy

* 56 tested inks (4 brands), spectrometry

e Allergenic metallic salts
— Chromium (35/56), Nickel (9/56) and Cobalt (1/56)

 Toxic metallic salts ckel

— Cadmium, manganese,
lead, antimony

:

— But no mercury...

Concentration (ng/g)

[ n
MNM‘ |

Starbrite (n=13) Millennium {n=10) Intenze (n=13)  Diabolo (N=20)

Fig. 1. Tattoo ink concentration of Cr and Mi compared to the sale allergological limit of
I ppm { horizantal line).

Forte G, et al.. Sci Total Environ. 2009 407:5997-6002.




‘“ 2 caps of black

1 cap of red

1 cap of grey

1 cap of white

1 cap=0,3to 2,8 ml

[Pb] =31to0 2127 ppm =31to 2127 pg/mg
[As] = 18 to 8977 ppm = 18 to 8977 pg/mg

Ink in a 16 ml/cap weights approx 0,20 g
(HelsInki, 02.2013)

6200 pg 0,0062 ug

425 400 pg 0,4254 ug

3600 pg 0,0036 ug

1795 400 pg 1,795 ug

[Pb] tap water = 10-50 pg/1000mL

Unpublished data
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Black tattoo inks are a source of problematic substances

Health risks of tattoo colors such as dibutyl phthalate

Karin Lehner"2, Francesco Santarelli', Rudolf Vasold?, Burkhard Kénig?, Michael Landthaler?
and Wolfgang Biumler!

! Department of Darmatology, University of Regensburg, 93042 Regensburg, Germany and 2 Dapartment of Organic Chermistry, University of Regensburg,
93042 Regensburg, Germany

Rudolf Vasold « Eva Engel « Burkhard Kiinig «
Michael Landthaler - Wolfgang Biumler

: |

X - - T ?

Modern tattoos cause high concentrations of e o e W
hazardous pigments in skin

doi:10.11114.1600-0536.2011.01 947 x

Influence of a commercial tattoo ink on protein production
in human fibroblasts

Eva EnceL', FRaANCESCO SAN'['AJ{L-LILI:_ RupoLk VasoLp', Tim Maisch®, Hemn ULricH, Lukas PrantL?, Mirella Falooni - Gabriella Teti - Michela Zago -
BurkaarD Konig', MicHAEL LANDTHALER™ AND WoLFGANG BAUMLER™ Aompela Galanzi © Loreneo Breschi < Susi Pelotti -
"Department of Organic Chemistry, *Department of Dermatology, and *Department of Trauma Surgery, | Alessandra Buggeri + Giovanni Mazzolii

University of Regensburg, 93042 Regensburg, Germany

Tattoo inks contain polycyclic aromatic hydrocarbons
that additionally generate deleterious singlet oxygen

Johannes Regensburger™, Karin Lehner'”, Tim Maisch?, Rudolf Vasold?, Francesco Santarelli’,
Eva Engel?, Anita Gollmer', Burkhard Kénig?, Michael Landthaler’ and Wolfgang Baumler

The decrease of pigment concentration in red tattooed
skin years after tattooing

Dark SalmOn 1 K Lehner,™* F Santarelli,’ R Penning,® R Vasold,* E Engel,* T Maisch,” K Gastl,* B Kénig,* : (
Tattoo inks of general usage contain nanoparticles. Wl < Trang = <
: Lizngg
 llycerin, . ‘
n; distilled water: Wiy .

Running head: Tattoo inks contain nanoparticles.

Authors: T. Hogsberg'; K. Loeschner®; D. L&f*; J. Serup'



Toxicity ?

of monoazo compounds (Pigment
Red 22 and P.R. 9) induce the production of

— 2-methyl-5-nitroaniline (2-MNA, hepatic dysfunction,

for salmonella)
— 4-nitro-toluene (4-NT on lymphocytes)
— 2,5-dichloroaniline (2,5-DCA, in the rat)
— 1,4-dichlorobenzene (1,4-DCB, in the rat,

in the mouse)

Engel E, et al. Anal. Chem 2006; 78:6440-47
Vasold R, et al. Anal Bioanal Chem. 2008;391:9-13




Photoinstability of tattoo inks after laser

Irradiation of P.R. 22 and P.R.9 by a

— 2-methyl-5-nitroaniline
— 2-5-dichloraniline

— 4-nitro-toluene

— 1,4-dichlorobenzene

Products

Table 1 Amounts {pg mL " of decomposition products before and
after laser iradiation of the pigments Cardinal Red (CR) or 18, The
products found were 2.5-dichloroaniline (2.5-DCA). 1 4-dichlorobenzene
(1.4-DCB). 2-methyl-5-nitroaniline (2-MNA). and 4-nitrotoluene
(4-NT) [29]

CR. before CR after [8 before I8 after
irradiation irradiation irradiation irradiation

Hg/ml
2-MNA 1.6+0.3
4-NT 1.0+0.2
2.5-DCA 11.8+0.3

1.4-DCB

UVB and natural light on P.R. 22: detection of naphthol AS

Vasold R et al, Photochem Photobiol 2004,;80:185-90
Engel E et al, JGSD 2007,;5:583-89
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Tattooing of skin results in transportation and
light-induced decomposition of tattoo pigments - a first

quantification in vivo using a mouse model

Eva Engel’, Rudolf Vasold®, Francesco Santarelli’, Tim Maisch', Neera V. Gopee®, Paul C. Howard”,
Michael Landthaler’ and Wolf Baumler’

* Invivo study of UV decomposition and transportation of PR22

e 4 groups of mice
— G1: Sacrificed at day 1

* Extraction of the pigments

— G2: Sacrificed at day 42
* At D10, solar radiation 32 days
* Total 44,8 SED (Standard erythemal dose)
* Extraction of the pigments

— G3a & G3b: Sacrificed at day 42

At D10, normal light exposure 32 days

* G3a: Extraction of the pigments at D42

* G3b :irradiation Nd:YAG 532 nm, Botiorn 2ipards,
2,5J/cm?/pulse, total : 165 J/cm?

* Extraction of the pigments




* Dayl
— 36,5 pug PR22/punch
— Estimation 584,0 ug PR22/mouse

Amount Amount
per per
punch' animal Standard

* Day 42 (group 3a) =, e e
— 24,9 ug PR22/punch
— Estimation 398,4 ug PR 22/mouse
— Diminution of 32%

 Day 42 (group 2)
— 9,9 yg/punch; 158,4 pg/mouse
— Diminution of 60%
— No carcinogens (2,5MNA, NT)

e Day42 + (group 3b)

"Weight per punch: 35 mg.

“Students t-test, two-sided.

Engel E, et al. Exp Dermatol 2009:19:54-60




* « Natural » diminution of pigment concentration: 32%

— Elimination through the epidermis (during the healing phase)

— Transport in the rest of the body
* Lymph node: yes
e Furtherin the body: ?

— Cutaneous in situ decomposition (UV, enzyme degradation) ?
 Diminution after laser: 51%
— only of PR22 is found as 2,5-MNA and 4-NT
— Other not extracted/analyzed PrEErEED
products ?

e amount of the Eser-induced

gecompaosibon progucts NAS, 2,5-MNA and 4-MT that were

o i i 1 f ° 0 Amount per Amount per Stand ard
D I m I n Ut I O n a te r U V ° 60 /O Decompaosition l:h.u::h‘ {mean) animal {mean) deviation

product [prg] Lwgl (%)

— No decomposition product
* In situ metabolism?
e Spreading in the body ? —
« Other photochemical mechanism ? [ EUaRE -

Engel E, et al. Exp Dermatol 2009:19:54-60




 To date, no reported case of skin cancer on priorly
tattooed skin area which underwent laser removal

— But, is it easy to make the link ?

— One case of dermato-fibrosarcoma on a tattoo

— "The original tattoo was placed (...) 15 years prior,
and was partially removed with QS Nd:Yag 1024 nm 5
years after placement. Another tattoo was placed in
the same area 7 years prior to his presentation”

Reddy KK, et al. J Drugs Dermatol. 2011 Aug;10(8):837-42.




Anal. Chem. 2006, 78, 6440—6447

Establishment of an Extraction Method for the
Recovery of Tattoo Pigments from Human Skin
Using HPLC Diode Array Detector Technology

Eva Engel, Francesco Santarelli,¥ Rudolf Vasold,’ Heidi Ulrich,# Tim Maisch,* Burkhard Konig,’
Michael Landthaler,* Neera V. Gopee,® Paul C. Howard,? and Wolfgang Bidumler*#

Departments of Dermatology and Organic Chemistry, University of Regensburg, Gemrmany, and NCTR, U.S. Food and Drug
Administration, Jefferson, Arkansas 72069




Modern tattoos cause high concentrations of
hazardous pigments in skin

NGEL', FRANCESCD SA rH Lr, Rum |‘-. Lol I|r\.1| i II||||l I'-III.|Ik 5 PRANTLY,
BueknArD KNG ] HFC i BAUMLER

"Department of Organic Chemistry, "De | artment of Dermato I .:Ifh partment of Trauma Surgery,
University of Regensburg, 93042 Re o, Ciermany

 Determination of [pigment] in the skin
— Tattooing of human and pig skins

— Performed by the researchers and tattoo artists

— PR22 ink with a purity of 98%
* On the market, purity < 80%

— Mean concentration 2,53 mg/cm?

(0,6 to 9,42 mg/cm?)

— Difference between purified and
commercial PR 22

Skin area: 19.63mm*
-,

and shape of pigments.
Py

= Zkin volume with tattoo plgment
— pigment concentration in skin




Table 1. Concentrations of pigments in skin®

Applied Amount
concentration per tattooed
Method size (w/v) (%) area (mg/cm-)

A SR Ki] 0.63
SR 25 .42
4R [0} .75
4R 25 5.19
sF 10} 1.02
RF 25 i)

4F 1] 49

[ [
e
ot

5R 1l Q)
SR 25
4R 1l Q)
IR 25 9 4
9R 25
SR 25 005

5R 25 .69

Mean value 5 17.9

5 I-,I

2,
-
AF 25 3.44
l.
2

i [
lad

i [l [ [
e WD =] Q0

RSD, relative standard deviation.
“The amount of PR 22 deposited in 1 cm~ pigskin and human
skin each. Researchers obtained concentration values in experi-

Method A : purified PR22, pig skin, researchers
Method B : commercial PR22, pig skin, researchers
Method C : purified PR22, pig skin, tattooists

Method D: commercial PR22, human skin, researchers
Method E: purified PR22, human skin, researchers




« 2,53 mg/cm? » : an overestimation ?

Limitations

In vitro data ; Pig skin ; study only on PR22

[PR22] obtained right after tattooing

[PR22] after tattoo healing ?

Transepidermal elimination ? Lymphatic clearance ?

No real discussion on the
(versus the researchers)

In vivo, tattooists do it better

Unexperienced « trainees » may tattoo more inks than
experienced tattooists




Tattoo inks contain polycyclic aromatic hydrocarbons
that additionally generate deleterious singlet oxygen

Johannes Regensburger'’, Karin Lehner”’, Tim Maisch’, Rudolf Vasold®, Francesco Santarelli’,
Eva Engel®, Anita Gollmer', Burkhard Kénig®, Michael Landthaler' and Wolfgang Biumler’

19 commercial tattoo inks (HPLC, spectrometry)

— Quantification of 20 PAH
— 16 PAH detected

— [HAP] mean total max =201,1 +/- 19,5 ug/g

* 0,1 pg/g (dibenzo[a,h]Janthracene)
* 24,5 ug/g (phenanthrene)

— [phenols] max = 385 ug/g
e Estimation for a 400 cm? tattoo
— 2,53 mg/cm?
— Injection de 402 pg (PAH), 770 pg (phenol)

Regensburger J, et al. Exp Dermatol 2010:19:e275-281




Table 1. PAHs found in black 1attoo inks

W =an Mean dailly

value dietary
exiracted irzbe (45 Carcinogenidoy T city
TEF (35}

g al [mg - persan] USERA (T}

B3 L B LA WA

1 which the respective PAH was Tound

"The number in brackets indicate the total num F ke
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Carcinogen 2B = possibly carcinogenic to human
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Cell phones

Caffeic acid

Some approved

treaments in medicine,...
Nickel, Cobalt...

http://monographs.iarc.fr/ENG/Classification/ClassificationsGroupOrder.pdf




Tattoo inks contain polycyclic aromatic hydrocarbons
that additionally generate deleterious singlet oxygen

Johannes Regensburger'’, Karin Lehner”’, Tim Maisch’, Rudolf Vasold®, Francesco Santarelli’,
Eva Engel®, Anita Gollmer', Burkhard Kénig®, Michael Landthaler' and Wolfgang Biumler’

* Incubation of human keratinocytes with 3 inks extracts
and various [PAHSs]

* |rradiation with UVA (330-400 nm), 4-8 J/cm?
* Phototoxicity with one ink

alised milochondrial sctivily of calls | %)

e Limitations
— |In vitro

[=]
=
=

Regensburger J, et al. Exp Dermatol 2010:19:e275-281



Conclusions

* The risk of skin cancer is today
fortuitous

* The risk of systemic toxicity is
currently unknow and
overstated by in vitro data




Conclusion

e |sthere arisk related to UV exposure and tattoos ?

* |sthere arisk after tattoo laser removal ?

* Isthere a risk of chronic intoxication by metallic salts ?

* |sthere arisk of cancer of for the heavilly tattooed
individuals ?

* Necessity of follow — up of large cohort of tattooed
individuals (blood analysis, biopsies, cancer registries) and
in vivo studies in the skin of tattooed individuals













