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Introduction

Chromosomal integration of human herpesvirus 6 (Ci-HHV-
6) was described first in 1993 by Luppi et al. (1993). Despite
increasing number of studies concerning the clinical impact of
HHV-6 A and HHV-6 B viral species (formet known as HHV-
6 variants; Ablashi et al. 2012) or directly Ci-HHV-6, biolog-
ical consequence of Ci-HHV-6 is yet not fully understood
(Pellett et al. 2012). Classical horizontal infection of HHV-6
is transmittable from one person to another leading to subse

quent latent viral infection of the host in a form of episomic
viral DNA in the cells and the possibility of viral reactivation
into the infection with production of infectious viral capsids
(Flamand et al. 2010). Such type of HHV-6 primary infection
and latency is similar to other human herpesviruses (Ward
2005). In the situation of Ci-HHV-6, viral DNA is integrated
directly into the human chromosomes and is inherited through
the germ line from parents to child vertically (Pellett et al.
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2012). It is the reason for presence of HHV-6 DNA is in every
cell of the body which leads to the ratio of human and viral
DNA 1:1 and to the possibility of Ci-HHV-6 confirmation by
detection of HHV-6 DNA in the nails or hair roots (Pellett et
al. 2012). Despite both HHV-6 species can be chromosomally
integrated, inheritance of viral DNA in vivo is unique among
the human herpesviruses.

So far published data locate the integrated HHV-6 DNA
into the telomeric part of the chromosomes suggesting pos-
sible association of Ci-HHV-6 with development of the
malignant proliferation due to the impact of the telomerase
and shortening of the telomers into the regulation of cell
proliferation (Pellett et al. 2012; Morissette and Flamand
2010; Martinez and Blasco 2011). Published studies with
the patients having primary malignant disease show rather
wide range of Ci-HHV-6 prevalence from 0.74 to 12.73 %
(Pellett et al. 2012). In our previous study among 339
children treated for acute leukaemia, we detected Ci-HHV-
6 prevalence of 1.47 % (Hubacek et al. 2009). Hence we
wete interested in the more detailed calculation of the Ci-
HHV-6 prevalence in Czech patients with malignant disease
and in general population.

Materials and methods

Between the year 2007 and 2012, we collected prospective-
ly samples from 220 adult and 47 paediatric patients treated
for Hodgkin lymphoma, 345 adult patients treated for leu-
kaemias and myelodysplastic syndrome (MDS) and 200
children treated for malignant disease (111 leukaemias and
MDS, 89 other solid tumours) at the time of diagnosis. To
calculate the prevalence of Ci-HHV-6 in the general popu-
lation, we asked students, sportsmen and customers of the
cosmetic salons to donate the nail clippings to test the
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presence of HHV-6. We collected 421 samples of nail clip-
pings from 143 men and 278 women (368 adults and 53
children).

We obtained at least one sample of whole peripheral
blood from every patient at the time of diagnosis and one
sample of nail clippings from the voluntary donors. DNA
from the samples was extracted according to the manufac-
turers’ instruction using Qiagen DNA Blood Mini kit
(whole bloed) and Qiagen DNA Micro Kit respectively (nail
clippings). Presence of HHV-6 was tested by RQ-PCR in the
same way as in our previous studies same as albumin gene
quantity to omit the possibility of false-negative results
(Hubacek et al. 2009). HHV-6 DNA load was normalised
to 100,000 human genome equivalents and expressed in
normalised viral copies (NVCs).

In case of HHV-6 positivity in nail clippings, we tried to
get blood sample from the individual to confirm the Ci-
HHV-6 by detection of high HHV-6 DNA levels in the
blood, same as to identify the relatives with the Ci-HHV-6
by the detection of HHV-6 DNA in nails and subsequently
whole blood. In the Ci-HHV-6-positive individuals, HHV-6
A and B were identified using previously published ap-
proach (Boutolleau et al. 2006).

The study was approved by local ethics committee and
informed consent for such testing was signed by tested
persons, or by their guardians. Results were tested using
basic statistical methods.

Days after HSCT

Results and discussion

During the prospective surveillance, we tested 812 patients
treated for malignant disease. HHV-6 DNA was detected in 86
obtained screening blood samples. High HHV-6 DNA posi-
tivity was detected in nine samples from three children and six
adults (median 93,827 NVCs; range 27,530 271,064 NVCs),
while in the rest of the patients, we detected lower HHV-6
DNA levels (median 12.9 NVCs; range 1.1 1,430 NVCs).
Low-level HHV-6 DNA positivity was observed in 51 chil-
dren and 26 adults.

In all nine patients with high HHV-6 DNA positivity, we
subsequently confirmed Ci-HHV-6 by detection of HHV-6
DNA in the nails (median 59,636 NVCs; range 35,789
130,133 NVCs). In seven of them, we detected HHV-6 A,
while in the rest HHV-6 B. During the surveillance two
patients with acute myeloid leukaemia (AML) deceased due
to progression of the primary disease, one underwent alloge-
neic haematopoietic stem cell transplantation (HSCT) for
AML and the rest of the patients with Ci-HHV-6 successfully
finished the chemotherapy and is at the remission of the
malignant disease.

From seven patients with Ci-HHV-6, we collected addi-
tional 41 peripheral whole blood samples. The median of
detected quantity in the samples obtained from the individuals
without/before HSCT was 59,676 NVCs (range 10,199
271,064 NVCs). After the HSCT, we detected similar

Table 1 Results and their sta-
tistical significance calculated by

Patients with malignant Healthy donors ofnail Statistical significance

chi-square test in the compared disease, 1 (%) clippings, 7 (%) (p value)
groups
No. of tested individuals 812 (100) 421 (100)
Positive individuals 86 (10.1) 5(1.19)
Ci-HHV-6 9 (1.11) 5(1.19) 0.76, N.S.
HHV-6 A 7 (0.86) 1(0.24) 0.20, N.S.
HHV-6 B 2(0.24) 3(0.71) 0.22, N.S.
Ratio of HHV-6 A and HHV-6 B 772 113 0.07, N.S.

N.S. not significant
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Fig. 2 Detection of HHV-6
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decrease (see Fig. 1) of the HHV-6 DNA as in our previous
case with the median of HHV-6 quantity of 140.7 NVCs
(range 47-84,000 NVCs). Because the patient has integrated
HHV-6 A, we also tested presence of HHV-6 B in the post-
transplant samples; HHV-6 B was not detected. We did not
observe clinical symptoms attributable to HHV-6 infection in
any of the patients.

Together with our previously identified Ci-HHV-6
individuals among 339 children treated for leukaemia
(Hubacek et al. 2009), we tested 1,151 patients and
identified 14 cases of Ci-HHV-6 (7+4 with HHV-6 A
and 2+1 with HHV-6 B) which means the prevalence of
1.22 % in the cohort of patients with malignant disease.
Among the healthy donors, we identified four cases of Ci-
HHV-6 (one with HHV-6 A and three with HHV-6 B) repre-
senting the prevalence of 0.95 %. HHV-6 DNA was detected
with median of 93,773 NVCs (range 42,007-100,000 NVCs)
in their nail clipping samples. Detected prevalence is not
statistically different between tested cohorts both in prevalence
and detection of HHV-6 species (see Table 1).

In case of confirmed Ci-HHV-6, we asked the individuals
to collect nails from their family and obtained 35 samples of
nail clippings from family members. Among them, we
detected additional nine individuals with Ci-HHV-6 and con-
firmed the inheritance through the generations in the tested
families (see Fig. 2).

Conversely to the more frequent detection of Ci-HHV-6
B in the published studies (Hall et al. 2010; Pellett et al.
2012), we observed more often integrated HHV-6 A. Only
in one study from Hungary, the HHV-6 A outnumbered the
individuals with HHV-6 B (Csoma et al. 2011). Therefore,
we analysed basic characteristics of the presented individuals
with Ci-HHV-6 more closely and found that four of the
identified individuals with Ci-HHV-6 A are members and
another one has a father coming from one minority in the
Czech Republic. Despite the small numbers, such observation
leads us to the hypothesis that related marriages in this rather
closed community might be responsible for higher frequency
of Ci-HH V-6 A. Interestingly, people from this community are
at the similar percentage present also in the Hungary, same as
in the Central and Eastern Europe (e.g. Slovakia) and are
rather rare in the Western Europe and USA. Our observation

Family 2

e

N

@ Vomen with Ci-HHV-6

Family 3

0 orm

0 oe [

[T Man withour Ci-HHV-6 (7)) Woman without Ci-HHV-6

might therefore suggest presence of such people in the studies
from our area as the reason for higher frequency of Ci-HHV-6
A. More frequent detection of integrated HHV-6 B among the
healthy volunteers representing majority population also
shows the importance of selection bias in similar studies,
because people from the mentioned minority did not
participate on voluntary donation of nail clippings.

The observed prevalence of the Ci-HHV-6 individuals is
very similar in both tested groups and is in agreement with the
previously described prevalence among the blood donors both
in the UK and USA (0.8 and 1.0 %, respectively; Pellett et al.
2012). Despite further studies testing the characteristics and
impact of Ci-HHV-6 in more individuals that are needed to
statistically significant evidence, our observation suggests no
impact of the Ci-HHV-6 on the incidence of the malignant
disease within the Czech population and higher frequency of
detection of chromosomally integrated HHV-6 A in geneti-
cally related individuals.

Funding The work is supported by grant of Ministry of Health of the
Czech Republic NS-9907.
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Chromozomalni integrace Sestého
lidského herpesviru (HHV-6)
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SOUHRN

Do komplexu Sestého lidského herpesviru (Human herpesvirus - 6; HHV-6) jsou ¥azeny dva blizce
pFibuzné a v populaci béZné se vyskytujici viry HHV-6 A a HHV-6 B. Primoinfekce HHV-6 probiha
vétsinou jiz v dasném détském véku, a to jak asymptomaticky, tak u HHV-6 B také ve formé Sesté
exantémové nemoci. Po primoinfekei ziistaiva HHV-6 v organismu pfitomen v latentni forms,
s mo¥nosti virovych reaktivaci. Clanek popisuje v odborné veiejnosti méné znamy fenomén
chromozomalni integrace HHV-6 (Ci-HHV-6), ktery se v b&Zné populaci vyskytuje s frekvenei
piiblizné 1% a ktery je na rozdil od b&Zné se S§ifici infekce d&di¢ny a bez dosud znamého
patologického dopadu na nosie této integrované HHV-6 DNA. I proto je znalost klinickych
souvislosti pfitomnosti Ci-HHV-6 zasadni pro spravné vedenou terapii v situaci vysoké pozitivity
pFi molekularné-biologické detekci HHV-6.

Klidova slova: Sesty lidsky herpesvirus — molekularni biologie - PCR - chromozom

SUMMARY

Hubadéek Petr, Hrdli¢kova Alena, Zajac Miroslav: Chromosomal Integration of the Sixth Human
Herpes Virus (HHV-6)

Two closely related and commonly found human herpesviruses HHV-6 A and HHV-6 B are
classified into the sixth human herpes virus complex (HHV-6). Primary infection with HHV-6 often
takes place in early childhood and it can be either asymptomatic or manifests itself as sixth
disease (caused by HHV-6 B). HHV-6 remains present in a latent form in the body with the potential
for virus reactivation. The article points out the phenomenon of chromosomal integration of HHV-
6 (Ci-HHV-6) which is found in about 1% of the population and, unlike the commonly spread HHV-
6 infection, has become hereditary, with its pathological potential in Ci-HHV-6 DNA carriers
remaining unknown. Therefore, the focus on clinical consequences of Ci-HHV-6 is of high
relevance to the therapeutic strategy for patients with high HHV-6 positivity in molecular
biological tests.

Key words: sixth human herpesvirus - molecular biology - PCR - chromosome

formy HHV-6 DNA v jadte. Z této, v jadfe pritom-
né latentni, formy DNA je pak HHV-6 schopen se
v urditych situacich reaktivovat a zaroven modu-

SESTY LIDSKY HERPESVIRUS

Sesty lidsky herpesvirus, Human herpesvirus 6
(HHV-6), je nazvem komplexu dvou velmi blizce
pribuznych viria znadmych jako HHV-6 A a HHV-6
B, dfive popisovanych jako subtypy HHV-6[1].
Oba jsou ¢leny podceledi B-herpesviridae, stejné
jako jeho pfibuzni — lidsky cytomegalovirus
(CMV) a sedmy lidsky herpesvirus (Human her-
pesvirus 7; HHV-7) [36].

Podobné jako dalsi zastupei lidskych herpesvi-
ri po primoinfekei zlstava v latentni formeé
v organismu hostitele [9]. Tato latentni infekee je
umoznéna epizomickym setrvAnim samostatné
a oproti lidskym chromozomim malé cirkularni

lovat chovani imunitniho systému smérem, ktery
zvyhodniuje jeho pfeziti ¢i pomnoZeni [9]. Také
proto byl prvné popséan jako HBLV (Human B
Lymphotrofic Virus — Lidsky B lymfotropni virus)
u imunosuprimovanych pacientd véetné HIV
pozitivnich v laboratofi dr. Roberta C. Gala v roce
1986 [17].

Morfologicky je HHV-6 obaleny virus s ikosa-
hedralni strukturou kapsidy a genomem, ktery
tvofi dvoufetézcova molekula DNA o velikosti
160, respektive 162 kilobazi a velikosti maturo-
vaného infekéniho virionu ptiblizné 200 nm [9].
Shoda genetické informace HHV-6 A a HHV-6 B
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na urovni DNA sekvence je vice nez 90% [9, 36].
HHV-6 A i HHV-6 B jsou pfedevsim T lymfotrop-
ni, a to i presto, Ze byl HHV-6 pivodné popsan
jako B lymfotropni virus [39].

Bunéénym receptorem pro HHV-6 je jeden
z regulaénich proteini komplementové kaskady —
CD46[9]. Diky tomu, Ze se tato molekula vyskytu-
je 1 na dalSich bunkich organismu, je HHV-6
schopny infikovat in vitro také dalsi bunky, jako
jsou monocyty/makrofagy, NK buriky, fibroblasty,
astrocyty, oligodendroglie, mikroglie, bunécéné
linie jaternich bunék, epitelidlni a endotelialni
buiiky. In vivo jsou pak u HHV-6 popsany infekce
mozkové tkané, jater, tonzil, slinnych zlaz, endo-
telii a kostni dfené [9].

Stejné jako u dalSich herpesviri, umoZnuje
obsahlost genomu HHV-6 nést znaéné mnoZstvi
geni véetné gentt moduluyjicich imunitni odpovéd
hostitele. Z dosud popsanych 66 genit HHV-6 se
znamou ¢i predpokladanou funkei [39], se jedna
napfk. o virové homology chemokini, jako je kup¥i-
kladu produkt genu U83. Tento protein funguje
jako vysoce u¢inny chemokin s vazbou na CCR2
(chemokinovy receptor 2, CD192), ktery pfi svém
vyskytu v prostiedi pfitahuje do mista vyskytu
HHV-6 buiky monocyto-makrofagového systému.
Infikovani téchto bunék pak umoZnuje snazsi
sifeni HHV-6 infekce v organismu hostitele.
Z dalsich vlivi HHV-6 pak miZeme zminit nap¥i-
klad zvyseni produkce INF-@ v napadenych bun-
kéach a naopak sniZeni produkece INF-@, aktivuji-
ctho imunitni odpovéd. Obdobnym zplsobem
moduluje HHV-6 imunitni odpovéd pomoci napa-
denych bunék monocyto-makrofagového systému,
kdy zvysuje v burikach produkei IL-10 a sniZuje
produkei IL-12. Tato modulace pak vede k potla-
¢eni cytotoxické a zvySeni protilatkové odpovédi
imunitniho systému tak, aby nedoslo ke znic¢eni
napadenych bunék. Tyto a mnoho dalSich mecha-
nisma zapojenych do modulace chovani jednotli-
vych bunék i celkovych imunitnich reakei pak
ukazuji na komplexnost pochodt pfi infekei HHV-
6 [9]. Proteinovy aparat viru zaroven umoziiuje
HHV-6 latentni setrvavani v organismu a jeho
reaktivace pfi stresu, ¢i imunosupresivnim stavu
v organismu [9].

HHV-6 AA HHV-6 B

HHV-6 A a HHV-6 B byly popsany jako subtypy
HHV-6 az v roce 1993 po sedmi letech od objevu
viru [2]. PrestoZe jsou, jak jiz bylo uvedeno, gene-
tické odlisnosti HHV-6 A a HHV-6 B relativné
malé, jejich biologické vlastnosti i pfiznaky infek-
ce (viz nize) se lisi. I z téchto divodia byly podle

ICTV (International Committee for Taxonomy of
Viruses) oba pivodni subtypy HHV-6 v updatu 8.
vydani mezinarodni virové nomenklatury uznany
za dva samostatné virové druhy [1]. Spolu s Her-
pes simplex virem 1 a 2 a Varicella-Zoster virem
(reprezentujicimi skupinu lidskych @-herpesvi-
ra), svymi pfibuznymi CMV a HHV-7, virem
Epstein-Baarové (EBV) a osmym lidskym herpes-
virem (Human herpesvirus 8; HHV-8) pak jeden
z téchto subtypi bude pFredstavovat devaty lidsky
herpesvirus. Aby vsak nebyly do jiz existujici lite-
ratury, vénujici se jiz témér tiicet let zjisfovani
ruznych vlastnosti HHV-6, zanaSeny nomenkla-
turni nejasnosti, budou se i nadéale oba viry nazy-
vat svymi pavodnimi nézvy — tedy HHV-6
A a HHV-6 B[1]

EPIDEMIOLOGIE A KLINICKE PRiZNAKY
INFEKCE HHV-6

Z obecného pohledu vétsina primoinfekei HHV-
6 probih4 asymptopaticky. V pfipadé HHV-6 A se
dosud nepodafrilo najit a prokazat zcela jasnou
kauzalitu infekce s patologickym stavem [36].

Oproti tomu HHV-6 B je dobfe znam jako
pivodce sSesté détské nemoci (Roseola infantum,
Exanthema subitum). Toto béZné benigni détské
onemocnéni je zpravidla pfiznakem primoinfekee,
ktera se projevuje dvéma dny horecek s nahlym
koncem doprovazenym vysevem prchavého exan-
tému. Samotna ,nahla vyrazka“ (Exanthema sub-
itum) pak ustupuje v fadu desitek minut, takze
casto ani urychlené privolany léka¥ jiZ nemusi
koZni projevy u ditéte zastihnout. Primoinfekce
se také muiZe projevit jako respiraéni, nebo pri-
jmové onemocnéni bez exantému, pfipadné ve
starsim véku priznaky infekéni mononukleézy
(mononukleosa-like syndrom). Vzacnéji mize
infekce HHV-6 B zpisobit febrilni kiece, hepatiti-
du ¢i encefalitidu [38]. Primoinfekce se odehrava
v casném détském véku a prendsi se télnimi
sekrety, zejména slinami, do nichZ se virus ve vel-
kém mnoZstvi uvoliiuje [27]. Ve stafi 2 let je pod-
le studii séropozitivnich vice nez 95 % vysetfova-
nych déti [30, 36].

U imunosuprimovanych pacienti muze byt
infekee ¢i reaktivace HHV-6 asociovana s utlu-
vSak mohou objevit i vySe zminéné komplikace
primoinfekce [24]. U pacientii po transplantaci
hematopoetickych kmenovych bunék (Haemato-
poietic Stem Cell Transplant — HSCT) je pak
HHV-6 asociovan s pozdéjsim piihojenim Stépu
a zejména opozdénou produkei krevnich desticek
[24]. Zaroven je zndmo, Ze se u téchto pacientd

Epidemiologie, mikrobiologie, imunologie
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HHV-6 casto reaktivuje v souvislosti s dalSimi,
zejména herpesvirovymi infekcemi[15] a s nemo-
ci $tépu proti hostiteli [35]. Jde-li jen o pFiznak
hloubky imunosupresivniho stavu nebo o néjaké
aktivni zapojeni na zakladé produkce virovych
homologt cytokint a modulace imunitniho systé-
mu, dosud neni zcela objasnéno.

DIAGNOSTIKA INFEKCE HHV-6 (B)

V soucasné dobé se diagnostika HHV-6 infekce
opira predevsim o klinické hodnoceni probéhlého
stavu, potvrzeného p¥ipadné sérologickou detekei
protilatek proti HHV-6 [36]. Sérologicka detekce
je nicméné vyznamné limitovAna nedostatkem
spolehlivych diagnostickych sad zaloZenych na
principu ELISA, zejména pro detekei protilatek
IgM. Detekee protilatek se tak provadi vétsinou
metodou nepfimé imunofluorescence, ktera je
ovlivnéna subjektivnim hodnocenim vysetiujiciho
a jeho zkusenostmi. Vypovédni hodnotu sérologic-
kych testi také omezuje obtiZnost interpretace
vysledkii u pacientd s latentni infekci HHV-6
zpusobenou zejména zkiiZenou reaktivitou proti-
latek proti HHV-6 A, HHV-6 B a HHV-7 u vétsiny
testl, stejné jako moznost zkiizené reaktivity
proti dalsim protilatkdm p¥i povsechné aktivaci
imunitniho systému. U ¢asti pacientd v ¢asném
stadiu infekce pak naopak jesté nemusi byt IgM
protilatky detekovany.

Je-li nutna prima detekce HHV-6, jako napt.
u imunosuprimovanych pacient, u kterych je
tvorba protilatek znacéné omezena, ¢i blokovana
uplné, je pfima diagnostika zaloZen& na moleku-
larné-biologické detekei nukleovych kyselin
pomoci PCR, pfipadné kvantitativni real-time
PCR (RQ-PCR - real-time quantitative PCR)
[36]. Moznost detekce antigenu byla prokazana
[34], ale na rozdil od CMV se u HHV-6 nezacala
vice vyuZivat.

Kultivace HHV-6 neni v bézné laboratorni pra-
xi provadéna pro ¢asovou i technickou naroénost
[36].

jako infekce pribuznym virem CMV vcetné dav-
kovani. Terapie je tedy zaloZena na podavani nuk-
leosidovych analogi blokujicich virovou DNA
polymerazu. K dispozici jsou dvé skupiny virosta-
tik. Prvni, do které patii ganciklovir, jeho pero-
ralni prodruh valganciklovir, ¢i pfipadné cidofo-
vir, je plné aktivni po fosforylaci pomoci virové
thymidin-kinazy. Druhou skupinu, inhibujici p¥i-
mo virovou polymerazu, pak zastupuje foscarnet.
Cidofovir, ktery je velmi déinnym virostatikem
s Sirokym spektrum virostatického ptisobeni, je
pak kvili vyznamné toxicité podavéan jen v pfipa-
dé krajni nouze.

Nezadouei ucinky virostatické terapie — supre-
se funkce kostni dfené (ganciklovir, valganciklo-
vir) ¢ nefrotoxicita (foscarnet a cidofovir) vsak
mohou vést k zavaznym komplikacim klinického
stavu pacientli, a tak je 1écba, zamérena cilené
pouze na HHV-6, relativné vzacna [24].

CHROMOZOMALNI INTEGRACE
HERPESVIROVE DNA

Z obecného pohledu je schopnost integrace her-
pesvirového genomu do genomu hostitele znamé
od roku 1991 u ptaciho herpesviru zptsobujiciho
Markovu chorobu (Marek’s disease) [20]. Tuto
infekéni nemoc kura doméciho popsal v roce 1907
madarsky profesor Jézsef Marek jako nervovou
paralyzu zptisobenou monocytarni infiltraci ner-
vové tkané [26]. Nasledné pak doslo k prikazu
asociace této paralyzy s tvorbou lymfoidnich
nadort — lymfomatézou. I proto se ve veterinarni
mediciné vénuje Markové nemoci driibeze velka
pozornost véetné vakcinacni prevence. Zajimavé
je, Ze prestoZe patfi Marek’s disease virus (MDV)
mezi @-herpesviry (tedy podobné jako lidsky HSV
a VZV), je stejné jako HHV-6 lymfotropnim virem.
RovnéZz u EBV byla prokazana schopnost chromo-
zomalni integrace v nadorovych bunkéch in vitro
iin vivo [25, 26].

CHROMOZOMALNI INTEGRACE HHV-6

TERAPIE HHV-6

Lécba HHV-6 infekce zpravidla neni nutné
a zadné virostatikum neni pfimo schvéleno pro
terapii HHV-6. Pokud vs8ak zavaznost klinickych
pfiznaki, zejména ve spojeni s nedostatecnou
imunitni funkei hostitelského organismu, vyza-
duje virostatickou terapii, je infekce lécena stejné

Chromozomalni integrace HHV-6 (Ci-HHV-6)
byla in vitro poprvé popséna na bunéénych liniich
Daibatou et al. v roce 1999 [8]. V roce 2004 Tanaka-
Taya et al. popsali dédi¢nost Ci-HHV-6 [32] a v roce
2006 Clark et al. publikovali pozorovani prenosu
vysoké hladiny HHV-6 DNA pii HSCT z darce na

prijemce bez jakychkoli jasnych obtizi asociovanych
s HHV-6 u obou zicastnénych osob [6]. Soucasné se

60



pomoci fluorescencni in-situ hybridizace (Fluores-
cent In-Situ Hybridisation — FISH) podafilo proka-
zat pfimo misto integrace v chromozomech darce.
PrestoZe se celé genomy nékterych virt integruji do
lidského genomu (napf. HIV), jedné se v pripadé
HHV-6 mezi lidskymi herpesviry o in vivo dosud
z¥idka popisovanou situaci [26].

Od roku 2006 se chromozomalni integraci
HHV-6 (Ci-HHV-6) vénuje s ohledem na rozvoj
molekularnébiologické diagnostiky vétsi pozor-
nost. Divodem je zejména snadné misinterpreta-
ce pozitivniho vysledku detekce u vertikalné
dédéné HHV-6 DNA, s naslednym dopadem na
rozhodovéani o dalsi 1écbé pacienta. V soucasné
dobé nejsou bohuzel znamy jesté vSechny biolo-
gické aspekty a souvislosti Ci-HHV-6[30], pfesto
bychom v nasem ¢lanku chtéli shrnout dosud zné-
mé fakta o Ci-HHV-6 vietné znalosti o vyskytu
v Ceské republice.

MECHANISMUS INTEGRACE HHV-6

Bohuzel, hned na zacatek musime priznat, zZe
i v tomto bodé zbyva ovérit jesté mnoho fakti,
tykajicich se zejména vlastniho molekularnébio-
logického procesu integrace. Dobfe znamy je nic-
méné fakt, Ze HHV-6 se neintegruje pouze na jed-
no misto v lidském genomu, tedy na jeden
chromozom [26, 30]. AZ dosud je v literatufe
popséno kolem dvaceti riznych mist integrace
HHV-6 DNA do lidskych chromozomu. Jsou
popsany integrace na kratkych i dlouhych ramén-
kéch chromozomu 1, 9, 10, 11, 17, 18, 22 [26].
U pacientt popsanych v Ceské republice byla
dosud HHV-6 DNA identifikovana na dlouhych
raménkach chromozomu 2, 18 a 22 [14].

Vsechna dosud popsana mista integrace virové
DNA se nachéazeji v telomerické a subtelomerické
oblasti chromozomi [4, 19, 26, 28]. Jedna se tedy
o koncové oblasti chromozom, na kterych dochazi
v prabéhu déleni bunky ke zkracovani a které jsou
tak svym zmensovanim jednim z faktori podileji-
cich se na regulaci bunééného déleni [29]. I z toho-
to diivodu je u nadorovych bunék popsana aktivita
telomerazy, tedy enzymu znovu syntetizujiciho
tyto useky [29]. Zda-li ma Ci-HHV-6 néjaky vliv na
aktivitu tohoto enzymu, a tak na rozvoj maligni
bunééné proliferace, neni znamo. Arbuckle et al. [3]
popsali pravdépodobny mechanismus integrace
pomoci homologni rekombinace HHV-6 DNA do
telomerickych oblasti. Déje se tak na zakladé
podobnosti repetitivnich termindlnich sekvenci
virového genomu a sekvenci telomer pomoci virové
rekombinazy UL94. UL94 je pak v pripadé HHV-6
homologni s jinymi virovymi enzymy ucastnicimi

se integrace virového genomu do genomu hostitel-
ské bunky, jako je rep68/78 u parvoviru AAV-2 [26].
Ackoli se jejich vysledky dosud nepodatilo potvrdit,
¢ini vyuziti rekombinacénich mechanisma a enzy-
mového aparatu bunky a viru toto vysvétleni velmi
pravdépodobnym [19]. Z rekombina¢niho mecha-
nismu také vyplyva, Ze se HHV-6 DNA integruje
kompletni, a je tedy otazkou, zda-li by se nemohla
z této integrace také uvolnovat zpét do stadia
aktivni infekce, provazené tvorbou volnych
a infekénich virovych partikuli.

DEDICNOST A FREKVENCE VYSKYTU Ci-
HHV-6

Integrace HHV-6 do zarode¢nych bunék dobte
vysvétluje klasickou Mendelovskou dédi¢nost Ci-
HHV-6 v jednotlivych rodinach [26, 30] — obrazek
1. Tato dédi¢nost predpoklad4 vyskyt integrované
HHV-6 DNA jiz ve spermii a vajicku. Zminéné
procesy rekombinace jsou znamy svou aktivitou
v procesu gametogeneze [31], ackoli dosud nebyl
popsan zadny pfipad de novo integrace HHV-6 do
zarodeénych bunék. U vSech dosud popsanych
pfipadu se tedy jednalo o zachyt jedince, ktery Ci-
HHV-6 jiz zdédil od svych pfedki, a tak se HHV-
6 DNA vyskytuje ve vSech burkach lidského téla.
Také z tohoto divodu se da pro dikaz Ci-HHV-6
pouzit detekce virové DNA ve vlasovych foliku-
lech nebo v odstfiZeich nehtd metodou PCR [13,
371, tedy bezkrevné tkani, kde by se herpesvirova
DNA neméla vyskytovat ani v ptipadé aktivni
proliferace HHV-6 v organismu.
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Obr. 1. Zachyt Ci-HHV-6 ve tfech generacich jedné z rodin
zachycenych v CR
Nositelé Ci-HHV-6 jsou oznaceni ernym vybarvenim.
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Nositelé Ci-HHV-6 jsou oznaceni ¢ernym vybarvenim.
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Frekvence vyskytu takto dédéného HHV-6 je
pak popsana mezi 0,2-12,7 % v raznych popula-
cich a kohortach pacienti [30, 36] a — pokud
secteme jednotlivé pfipady — je v soucasnosti ve
svété popsano priblizné sto rodin, ve kterych se
Ci-HHV-6 dédi [30]. Shrneme-li dosud publikova-
na data, pohybuje se tedy frekvence vyskytu Ci-
HHV-6 piiblizné kolem 1 % [30].

V Ceské republice jsme v retrospektivni studii
u détskych pacientl s akutnimi leukémiemi pub-
likované v roce 2009 prokazali frekvenci vyskytu
1,5% [13]. V pribéhu néasledujicich let jsme mnoz-
stvi testovanych pacienti s hematologickymi
malignitami rozsirili a frekvenci zpfesnili na 1,3
% a zaroven jsme velmi podobnou frekvenci (1,2
%) zachytili ve vzoreich nehtii zdravych dobrovol-
nikd a ndhodné vysetienych pacienti, predevsim
studenti, z ¢eské populace [Hubadek et al. ¢lanek
v recenznim Fizeni].

DETEKCE Ci-HHV-6

Detekce Ci-HHV-6 se zaklada zejména na pro-
kézani vysoké kvantity HHV-6 DNA v testova-
ném vzorku. Diky tomu, Ze se HHV-6 DNA vysky-

tuje v kazdé bunce, da se podle bunécnosti extra-
hovaného materidlu usuzovat na mnoZstvi dete-
kované DNA. Obecné by tedy pomér virové a lid-
ské DNA mél byt ptiblizné 1 : 1 [30].

Nejcastéjsimi testovanymi materialy jsou plnéa
krev, plazma a sérum, je proto t¥eba v prvni Fadé
zminit, Ze ,acelularni“ materialy nejsou pro rozli-
Seni aktivni virové infekce a Ci-HHV-6 vhodné
[30]. V tomto pripadé je totiZ tfeba si jasné uvé-
domit, Ze se pfi detekei jedné nikoliv o buiriku, ale
pouze o jeji DNA. Jakakoli ujma, ktera se bun-
kadm v dobé od odbéru do extrahovani nukleové
kyseliny stane, vede nevyhnutelné k jejich rozpa-
du a uvolnéni lidské DNA (s integrovanou HHV-
6) do extracelularniho prostoru. Na rozdil od
aktivni infekee s tvorbou virovych partikuli, kde
se prikaz virové DNA v tomto prostoru zpravidla
povaZuje za prikaz virémie, je prikaz virové nuk-
leové kyseliny v plazmé a séru u Ci-HHV-6 pouze
prikazem volné lidské DNA. Tyto zavéry jiz byly
i na mezinarodnim féru nékolikrat publikovany
[16, 37]. Nami ziskana data u pacientt s Hodgki-
novym lymfomem pak tato pozorovani potvrzuji
(obrazek 2).

Stejné jako u dalsich herpesvira pak pfi detekei
HHV-6 v plné krvi a v izolovanych mononuklear-
nich bunkéach nardZime na problém vyjadfovani
mnozZstvi virové DNA. V pripadé vyjadfeni pozitiv-
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Obr. 2. Obrazek rozdilu kvantit HHV-6 v riznych materialech u pacientti s Hodgkinovym lymfomem v p¥ipadech nosi¢i Ci-

HHV-6 a pfi bézné reaktivaci

Je vidét jasny rozdil mezi kvantitou detekovanou v plné periferni krvi u pacient s Ci-HHV-6 a béZnou reaktivaci. Zaroven je
jasné dokumentované stejna kvantita v plazmé u obou porovnéavanych skupin.
NVCs- Normalised Viral Copies — naloz HHV-6 DNA normalizovana na 100000 lidskych genomickych ekvivalenti.

Obr. 2. Obrazek rozdilu kvantit HHV-6 v riznych materialech u pacientti s Hodgkinovym lymfomem v pf¥ipadech nosi¢i Ci-

HHV-6 a pfi bézné reaktivaci

Je vidét jasny rozdil mezi kvantitou detekovanou v plné periferni krvi u pacientt s Ci-HHV-6 a béZnou reaktivaci. Zaroven je
jasné dokumentované stejna kvantita v plazmé u obou porovnéavanych skupin.
NVCs- Normalised Viral Copies — naloz HHV-6 DNA normalizovanéd na 100000 lidskych genomickych ekvivalenti.

62

10



niho vysledku na 1 ml plné krve by se o Ci-HHV-6
mélo uvaZovat u ¢lovéka s normalnim krevnim
obrazem, prekro¢i-li pozitivita 320 000 kopii HHV-
6 DNA/mI (tedy 5,5 log HHV-6 DNA/m) [5, 6, 30].
Je treba ale vidy mit na paméti, Ze v tomto pfipa-
dé muZe byt kvantita ovlivnéna také moznymi
inhibitory PCR ¢i kvalitou extrakce a nebrat tuto
¢iselnou hodnotu dplné absolutné. Pokud je vysle-
dek normalizovan na pocet bunék nebo na lidské
genomické ekvivalenty, kvantifikované pomoci
nékterého z lidskych gent (napt. genu pro albu-
min, B-tubulin), pak by mél byt zachovan stejny
pomér virové a lidské DNA — tedy naptiklad 200
000 kopii HHV-6 DNA ve 200 000 bunkéch, ¢ 10
000 kopii HHV-6 DNA v 10 000 kopiich lidskych
genomickych ekvivalentt [13, 14].

Dopad Ci-HHV-6 na nositele integrace

Jak jiz bylo vySe zminéno, nebyla zatim in vivo
popséna schopnost aktivace HHV-6 DNA z mista
integrace zpét do stadia aktivni virové infekce
s tvorbou infekénich partikuli. Arbuckle a kol.[3]
sice publikovali in vitro studii, pfi které se pomo-
ci veelku agresivnich virus-aktivujicich latek
podafilo z kultury bunék nosic¢e Ci-HHV-6 izolo-
vat infekéni partikuli HHV-6, nicméné tato data
se dosud nepodatilo potvrdit dalSimi védeckymi
skupinami (osobni komunikace).

Dikazy o tom, Ze se chromozomalné integrova-
na HHV-6 DNA muZe prepisovat do mRNA, jsou
nicméné publikovany, a tak je velmi pravdépodob-
né, Ze by tedy mohlo dochéazet také k tvorbé nékte-
rych virovych proteind [7]. S ohledem na velky
proteinovy aparat, ktery je obsaZen v genomu
HHV-6, jehoZ jednou z hlavnich funkei je modula-
ce funkei imunitniho systému a jeho bunék, je
otazkou, nemuzZe-li se tvorba takovych proteint
a jejich uvoliiovani do bunky a jejiho okoli podilet
na urcitych patologickych procesech, a negativné
se tak zapojovat do klinického vyvoje nemoci nosi-
tele Ci-HHV-6. I v pfipadé jiz prokazanych mRNA
(U11, U14, U27, U31, U38, U39, Us1, Us9, U83,
U90, U91 a U94[7]) se totiZ jedni o geny, zapojené
také do téchto imunitnich modulaci.

Jednou z otézek, ktera zistavala nezodpovéze-
n4, byla také odpovéd nositele Ci-HHV-6 na béz-
nou primoinfekei HHV-6, 1épe feceno alespon na
HHV-6 B [30]. Vime-li totiZ o pFepisu nékterych
integrovanych geni do mRNA, jsou z obecného
pohledu mozné dva zakladni scénéie reakce osoby
s Ci-HHV-6 na HHV-6 infekci. Tim prvnim je zvy-
Sené reaktivita imunitniho systému, a tak pfiro-
zend imunita vaci infekei, protoze hypoteticky
dochéazi k opakované prezentaci virovych protei-

ni, a tak k opakované stimulaci imunitnich bunék
nosice proteiny HHV-6 [21]. Druhou variantou je
pak naopak zvySend citlivost k béiné infekei
HHV-6. Tuto hypotézu podporuje nutnost objeveni
se virovych proteini v dobé zrani imunitniho
systému, kdy jsou procesem pozitivni a negativni
selekee selektovany lymfocyty, které jsou schopné
nutnych interakei s dalSimi bunikami imunitniho
systému, zejména tedy antigen prezentujicimi
bunikami, které ale zaroven nereaguji viuci vlast-
nim antigenim a nejsou tedy autoimunni[21].
Pokud vime, Ze dochézi k prepisu mRNA a dé se
tedy predpokladat, Ze na jejich zakladé vznikaji
virové proteiny a jejich fragmenty prezentované
néasledné na HLA-I, mély by i buniky reagujici pro-
ti aminokyselinovym sekvencim HHV-6 byt nega-
tivné selektovany a skondéit, jako potencialné auto-
imunni, apoptézou [21]. Jak bylo vyse uvedeno,
detekece Ci-HHV-6 i HHV-6 infekce je zaloZena
v soudasné dobé pfredevsim na PCR, a tak je rozli-
Seni primoinfekce na podkladé vysoké néloze
DNA velmi obtizné. Z nasich dat u imunosuprimo-
vanych pacientd nicméné vyplyva, Ze v pripadé Ci-
HHV-6 u nositele HHV-6 A, maze dojit k infekei
i reaktivaci HHV-6 B ve stejné mife, jako je tomu
u pacienti bez Ci-HHV-6, a tak tedy muselo
v minulosti dojit k primoinfekei HHV-6 B [Hubéa-
éek et al. élanek v recenznim Fizeni]. Na tdrovni
protilatkové odpovédi byla zkfiZena reaktivita
proti HHV-6 A a HHV-6 B jasné prokazana [33],
nase pozorovani piesto nepodporuji dostateénou
ochranou zkfiZenou reaktivitu lymfocytd proti
blizce pribuznym a sekvencné velmi obdobnym
HHV-6 A a B, a tak nepfimo podporuji oddéleni
téchto dvou subtypti do samostatnych virovych
druht [Hubécdek et al. ¢lanek v recenznim fizeni].
Dosud se nepodarilo ziskat jasna data vztahujici
se v pfipadé HHV-6 primoinfekce u nosice Ci-
HHV-6 k humoralni imunitni odpovédi [30].

Pokud bychom jako modelovou situaci pro reak-
tivaci jakékoli latentni virové infekce obsaZené
v organismu véetné HHV-6 vzali HSCT, miZeme
konstatovat, ze dosud publikovan4 data neposky-
tuji dikaz, Ze by se integrovany genom HHV-6
jakkoli podilel na zhorseni prognézy pacienta. Ve
vSech dosud publikovanych p¥ipadech, a to jak p¥i
pfenosu integrované HHV-6 DNA v kmenovych
bunikéach darce allogenni HSCT [6, 10, 18], tak
v ptipadé Ci-HHV-6 u pfijemce kmenovych bunék
od darce bez integrované HHV-6 DNA [11, 14],
nejsou jasné dukazy pro jakéhokoli patogenni
pusobeni integrovaného viru. V ptipadé dvou
nami publikovanych pacientt pak miZeme nanej-
vys spekulovat, zda se na rychlém vyvoji rezi-
stence CMV vUdi virostatické terapii infekce po
HSCT nemohly podilet také proteiny HHV-6, kte-
ré jsou do jisté miry s proteiny CMV homologni
[14, 39].
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V pripadé pacient po organovych transplanta-
cich pak Lee et al. pozorovali u pacientl s trans-
plantovanou ledvinou a jatry tendenci k mirné
horsi prognéze v souvislosti s Ci-HHV-6 [22, 23].

CIM JE TEDY Ci-HHV-6 KLINICKY
DULEZITE?

S ohledem na diagnostiku HHV-6 infekce je pro
spravné hodnoceni naloze HHV-6 DNA zasadni
mit na zfeteli pfitomnost virové DNA ve vSech
burnikach organismu nebo organu u Ci-HHV-6.
Z tohoto divodu totiZz muze byt HHV-6 DNA dete-
kovéana u pacienta s Ci-HHV-6 i v pfipadé napt.
enterovirové encefalitidy, kdy ale mnozstvi virové
DNA bude pouze odrazet mnozstvi lidské DNA,
a tedy mnozstvi enteroviry poskozenych a znice-
nych bunék a nikoli nutné podil HHV-6 na neuro-
logickych priznacich. Stejné se pak HHV-6 DNA
muZe objevit i v dalSich klinickych stavech
a materidlech, kde by se jinak virova DNA nemé-
la ve velkych kvantitach standardné nachézet —
napf. u pneumonie. V téchto pripadech pak muze
dojit k misinterpretaci vysledku s néaslednym
Spatnym rozhodnutim ohledné nutnosti pouZit
virostatika a pfipadného dalsiho diagnostického
a terapeutického postupu [12].

Na druhou stranu v pfipadech vzacné opravdo-
vé HHV-6 nemoci, tedy plné symptomatické napi.
pneumonie s proliferaci viru ¢i encefalitidy, nelze
tuto virovou infekei pfehliZet a je nutno ji zadit co
nejdfive 16¢it virostatiky. Nasazeni terapie je pak
casto podpofeno i tim, Ze se nemoc plné rozvine
u imunosuprimovaného pacienta. Rozdil mezi Ci-
HHV-6 a symptomatickou nemoci pak vétsinou
ozfejmi vysetfeni hladiny HHV-6 v plné periferni
krvi, kdy u pacienti se symptomatickou HHV-6
nemoci nejsou detekované kvantity tak enormni,
pfipadné neni zachovan pomér lidské a virové
DNA 1 : 1. Obdobné neni mozné u symptomatic-
kého onemocnéni detekovat pritomnost HHV-6
DNA ve vlasovych folikulech ¢i nehtech.

JAK POSTUPOVAT V PRIPADE VYSOKE
POZITIVITY HHV-6 DNA?

z bronchoalveolarni lavaze) a HHV-6 by mohlo byt
pFidinou obtiZi, je na misté podle stavu pacienta
a detekované kvantity co nejrychlejsi potvrzeni
nebo vyvraceni Ci-HHV-6. To je moZno provést
minimalné detekei vysoké kvantity HHV-6 DNA
v plné krvi, pfipadné lépe v nehtech. U vysoce rizi-
kovych pacienti s podezienim na symptomatickou
HHV-6 infekei (napt. u pacientii po transplanta-
cich) je vhodné po dobu nutnou pro kompletni labo-
ratorni vysSetfeni pacienta zajistit virostatiky.
Lékem volby je i v tomto pfipadé i. v. ganciklovir,
foscarnet nebo p. o. valgancyklovir. Jak bylo vyse
uvedeno, u hospitalizovanych pacienti je lékem
prvni volby i. v. ganciklovir, pfedevsim v p¥ipadé
ambulantné 1é¢enych pacientti pak p. o. valgancik-
lovir. Pokud se Ci-HHV-6 prokéaZe, je vysoce neprav-
dépodobné, Ze je tato zdédéna virova DNA pfic¢inou
klinickych obtiZi a je tieba v diferencialnédiagnos-
tickém vySetfovani postupovat ke spravné diagné-
ze a virostatika je moZno, jsou-li nasazena jen
z divodu zajisténi pacienta po dobu laboratorniho
vysetfovani, vysadit. Pokud se Ci-HHV-6 neproka-
Ze, pak by terapie virostatiky méla pokracovat.

ZAVER

Prestoze je fenomén Ci-HHV-6 znamy jiz rela-
tivné dlouhou dobu, zistava s nim spojeno mnoho
biologicky i medicinsky zajimavych otazek. Divo-
dem pomalejsiho pokroku je pak zejména maly
pocet popsanych rodin a pacientd s Ci-HHV-6.
informaci o tomto fenoménu, je vSak nutnost
zahrnuti Ci-HHV-6 do zakladniho klinického uva-
zovani s vazbou na HHV-6 pozitivniho pacienta
a jeho pFipadnou léébu a opatrné hodnoceni
vysledki molekularné-biologické detekce a pii-
padné nasazeni terapie virostatiky. Pro formulaci
jasnych diagnosticko-lééebnych guidelines jsou
pak nezbytné nutné studie s vétsim mnozZstvim
jak pacientd s riznymi onemocnénimi, tak zdra-
vych dobrovolniki.

Podpofeno grantem Interni Grantové agentury
Ministerstva Zdravotnictvi CR NS 9907-4.

Pri interpretaci vSech laboratornich vysledki,
veéetné molekularnébiologické detekce infekénich
agens, je nutné peclivé prihliZet ke klinickému sta-
vu pacienta. Pokud dojde k detekei pozitivity HHV-
6 v biologickém materialu, kde HHV-6 DNA nemé-
la byt detekovana (napf. mozkomisni mok ¢i vzorek
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Chromosomal integration of human herpesvirus
6 (HHV-6) is a novel situation found in a small
percentage of individuals. While active HHV-6
infection is treatable using antivirals, the abnor-
mally high level of HHV-6 DNA found in chromo-
somal integration of HHV-6 (CI-HHV-6) is not
affected by such drugs. Stored DNA samples
taken originally for detection of fusion genes
and minimal residual disease from 339 pediatric
patients treated for leukemia in the Czech Repub-
lic between the years 1995-2007 were tested
retrospectively. Using real-time quantitative PCR
technology, the quantity of HHV-6 DNA detected
was normalized to 100,000 human genome
equivalents as assessed by quantitation of
the albumin gene. HHV-6 DNA was detected in
107 samples from 91 patients (26.8%). In the
majority of samples (99) only a minute level of
normalized viral copies (NVCs) (median 1.84
NVCs) was detected. A high viral load of approx-
imately 100,000 NVCs was detected in b patients
(1.6%; median 140,150 NVCs}, in all of whom
were confirmed subsequently CI-HHV-6 by a
detection of HHV-6 DNA in hair follicles or in
the nails. In all but one patient with HHV-6
variant B, variant A of the virus was detected.
None of the patients with CI-HHV-6 had compli-
cations attributable to HHV-6 infection. The
prevalence of CI-HHV-6 in childhood leukemia
does not differ from that published for other
patients or healthy populations. Where high
levels of HHV-6 DNA are present, CI-HHV-6
should be confirmed as soon as possible so that
potentially toxic but ineffective antiviral treat-
ment can be stopped. J. Med. Virol. 81:258-
263, 2009. © 2008 Wiley-Liss, Inc.

KEY WORDS: human herpesvirus 6; leuke-
mia; chromosomal integration

© 2008 WILEY-LISS, INC.

INTRODUCTION

Human herpesvirus 6 (HHV-6) is a common beta-
herpesvirus known to cause exanthem subitum (sixth
disease), a benign illness of childhood [Yoshikawa,
2004; Ward, 2005]. It has also been associated with
encephalitis and febrile illness [Asano et al., 1992; Jones
et al., 1994; Oki et al.,, 1995; Caserta et al.,, 2001],
hepatitis [Ishikawa et al., 2002], myocarditis [Yoshi-
kawa et al., 2001], and thrombocytopenia [Yoshikawa
et al., 1993]. In the immunocompromised host, HHV-6
has been implicated in a number of different diseases
such as fever and rash [Sashihara et al., 2002], hepatitis
[Ljungman et al., 2000], encephalitis [Bethge et al.,
1999; Yoshihara et al., 2004], thrombocytopenia
[Yoshikawa et al., 1993] and delayed platelet and
granulocyte engraftment [Ljungman et al., 2000; Zerr
etal., 2005]. There are two variants ofthe virus: Aand B,
and it is noteworthy that in most of the pathological
conditions, only variant B hasbeen detected [Sugaet al.,
1993; Caserta et al., 2001; Yoshikawa, 2004; Ward,
2005]. Due to improved laboratory tests based on nucleic
acid assays, HHV-6 has been detected in clinical
samples more frequently during the last few years and
is an emerging opportunistic pathogen [De Bolle et al.,
2005].

An interesting feature of the virus is chromosomal
integration of HHV-6 DNA (CI-HHV-6) which is found
in some individuals and is characterized by abnormally
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high levels of HHV-6 DNA. This situation was first
described by Luppi et al. [1993] in patients without any
symptoms of HHV-6 infection. Later Daibata et al.
[1999] showed inheritance of CI-HHV-6 through two
generations and HHV-6 DNA has been located precisely
on chromosomes 1, 11, 17, and 22, respectively [Daibata
et al., 1998; Daibata et al., 1999; Clark et al., 2006a].
Since CI-HHV-6 can be inherited, it seems clear that this
viral DNA must be in every cell in the body [Clark et al.,
2006b]. Indeed in patients with CI-HHV-6, HHV-6 DNA
can be detected in hair follicles [Ward et al., 2006], skin
fibroblasts [Daibata et al.,, 2000], leukocytes [Clark
etal., 2006a] andin CSF [Ward et al., 2007], but it should
also be detectable in every sample which contains
human DNA, for example in the nails, bronchoalveolar
lavage.

CI-HHV-6 is a relatively common phenomenon being
present in 0.2—2.9% of the human population [Tanaka-
Taya et al., 2004; Leong et al., 2007; Ward et al., 2007]
but no study on the incidence of CI-HHV-6 has been
carried out on patients with hematological malignancies
orindividuals in Central Europe. The aim of the present
study was to determine retrospectively the prevalence
of CI-HHV-6 among children treated for acute lympho-
blastic leukemia or acute myeloid leukemia in the Czech
Republic and to investigate whether in this cohort of
immunosuppressed patients there were any symptoms
or signs attributable to the CI-HHV-6.

MATERIALS AND METHODS
Patients

This retrospective study was carried out on stored
DNA samples obtained from 339 children and adoles-
cents diagnosed and treated for acute lymphoblastic
leukemia (ALL) (no. of patients=318; median age at
diagnosis 5.3 years, range 2 days—18.3 years) or acute
myeloid leukemia (AML) (no of patients =21; median
age at diagnosis 7.5 year, range 3 days—17.7 years)
during the years 1995-2007. The samples were taken
for the molecular biological detection of fusion genes in
these leukemias (e.g., BCR/ABL, TEL/AML1 and any
others which might have had implications for prognosis)
and for quantitation of minimal residual disease during
treatment. Patients were treated according to the
following protocols: ALL-BFM 95, AML-BFM 98, Inter-
national collaborative treatment protocol for infants
under 1 year with acute lymphoblastic leukemia
(Interfant 99 and 06, ALL-BFM REZ 2002, ALL IC-
BFM 2002, AML-BFM REZ 2003, AML-BFM 2004.
Chemotherapy treatment according to the above proto-
cols is usually between 6 and 12 months long. The
patients or their guardians gave informed consent for
use of the samples for further scientific investigation.
The study was approved by the local ethics committee.

Samples

Samples were taken at diagnosis or during treatment
of the leukemia. DNA was extracted from nucleated

blood cells using QIAamp DNA Blood Mini Kit (Qiagen,
Hilden, Germany) according to the manufacturer’s
instructions and was then stored at —20°C.

For the present study, a sample that contained
enough DNA was chosen randomly from each patient.
If the patient underwent an allogeneic hematopoietic
stem cell transplant only the pre-transplant samples
were tested. In the patients suspected of CI-HHV-6
because of an abnormally high level of viral DNA of
about one copy/cell [Hubacek et al., 2007b], DNA from
hair follicles and nails was extracted using the QIAamp
DNA Micro Kit (Qiagen) according to the manufac-
turer’s instructions. In those hematopoietic stem cell
transplant recipients with suspected CI-HHV-6, we
tested for HHV-6 DNA in samples obtained during
posttransplant viral surveillance.

Quantitative PCR

The amount of human DNA was determined by
quantitation of the human albumin gene using the
method published by Pongers-Willemse et al. [1998] and
detection simultaneously of fusion genes as a control to
identify false negative results.

In those samples chosen for study, the quantity of
HHV-6 DNA was also measured using the primers and
probe as described by Gautheret-Dejean et al. [2002].
The results were adjusted to 100,000 human genome
equivalents by relating them to the quantity of human
albumin gene DNA. Real-time quantitative PCR
(RQ-PCR) testing was performed on an ABI 7300 machine
(Applied Biosystems, Foster City, CA) or BioRad
iQCycler (BioRad, Hercules, CA). The PCR reactions
quantifying HHV-6 were carried out in 25 pl containing
1x PCRbuffer, 3.5 mM MgCl,, 5% glycerol, 100 uM each
dNTP (Sigma—Aldrich, Prague, Czech Republic), 500
nM primers, 200 nM FAM-labeled probe and 0.5 U
HotStar Taq Polymerase (Qiagen). After 15 min at 95°C,
the samples were amplified by 45 times for 15 sec at 94°C
and 1 min at 60°C at which point in each cycle the
fluorescence was measured.

Samples with low levels of HHV-6 DNA were
considered a result of benign viral reactivation during
severe immunosuppression. In patients suspected of
having CI-HHV-6, whose sample contained approxi-
mately 100,000 normalized viral copies (NVCs) of HHV-
6 DNA, all other stored samples acquired during the
treatment were tested. In addition, the hair follicles or
nails of these patients were tested for HHV-6 DNA and
expressed the results as NVCs.

Distinguishing Variant A and B of the Virus

To distinguish between A and B variants of HHV-6 in
patients with CI-HHV-6, a set of variant-specific nested
PCR assays targeted to the immediate early antigen was
used; the sequences of the primers and lengths of
amplicons are listed in Table 1. Both rounds of
nested PCR were performed in 15 pl containing of
1x PCR buffer, 3.0 mM MgCl,, 100 uM each dNTP
(Sigma—Aldrich), 600 nM primers and 1 unit of Promega
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260 Hubacek et al.
TABLE I. Sequences of Primers Used for Diserimination Between HHV-8 A and B Variants
Designation Sequence Souree Length of the amplicon (bp)
HHV-8-A variant
First round
Forward 5-CTGATATTAAAGTGTTGCCA-3' Our design 321
Reverse 5-AGGAATCTTCTATCGAATCT-3*
Second round
Forward 5-GGAACCATCTTGTTCTGTCC-3' Nitsche et al. [2001] 276
Reverse 5-CATGAAGATGAT GACAATAAAAT (-3
HHYV-6-B variant
First round
Forward 5-AACTACTTGAAACTCAAC-3! Our design 223
Reverse 5-CTTTCTGGATTTAGAGTATC-3'
Second round
Forward 5-GAGTTGCTGAGTTGGTAAAGG-3/ Nitsehe et al. [2001] 142
Reverse 5-GAGACCGGGTCTGGACAACA-3

Taq polymerase (Promega, Madison, WI). The template
volume was 2 pl of DNA in both rounds. The PCR
reactions were performed on an ABI 9700 machine with
the thermal profile consisting of 2 min denaturation at
94°C, followed by 30 cycles of 30 sec at 94°C, 30 sec at
55°C and 30 sec at 72°C, and a final extension for 1 min at
72°C. After the first PCR round, the products were
diluted 1:100 with distilled water, before being subjected
to the second round of amplification. The touchdown
principle was used: the thermal profile consisted of
denaturation for 2 min at 94°C, followed by 30 cycles of
30 sec at 94°C, 30 sec of annealing and 20 sec at 72°C.
The annealing temperature was 70°C in the first five
cycles, 67°C in the following five cycles, 65°Cin the next
five cycles, and 60°Cin the remaining 20 cycles. The final
synthesis lasted 1 min at 72°C. All samples were tested
in duplicate. Amplicons were detected on a 2% agarose
gel run at approximately 10 Viem for 30 min. With each
run, a negative no-template control, and positive
controls of the A variant (DNA obtained from wiral
culture supernatant, confirmed by sequencing), and the
B variant (from a HHV-8-B positive sample, confirmed
by sequencing) were included.

RESULTS

Three hundred sixty-seven samples of peripheral
blood or bone marrow obtained from the patients were
screened. HHV-6 DNA was detected in 107 samples
(28.3%) from 91 patients (26.8%). In only five of the
patients, was an abnormally high level of HHV-
DNA detected (approximately 100,000 NVCs; median
of 140,150 NVCs), while in the rest of the positive
patients the median HHV-6 DNA load was only 1.83
NVCs (P < 0.003 by Student’s ¢-test; see Fig. 1).

In the five patients with a very high HHV-6 DNA load
and hence suspected CI-HHV -G, the presence of HHV-6
DNA were confirmed in hair follicles and in nails as well
asinblood samples (see Fig. 2). Thelevels detectedin all
five patients were very similar both in the blood and the
nals/hair and remamed at the same level throughout
treatment with chemotherapy. In four out of the five

. Med. Virol. DOI 10.1002fimv

patients HHV-6 A, and in the fifth variant B were
detected. Two of these patients underwent allogeneic
hematopoietic stem cell transplantation and there was
a rapid decline of detectable HHV-8 DNA after the
hematopoietic stem cell transplant in both of patients
[see Fig. 2 and Hubacek et al., 2007a]. The medical
histories of the CI-HHV-6 positive patients were
examined carefully for complications attributable to
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Fig. 1. Amount of HHV-8 DNA detected on screenimg of samples of
peripheral blood or bone marrow from 91 HHV-8 positive of leukemic
patients.
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Fig. 2. Amount of HHV-8 DNA normalized to 100,000 human genome equivalents detected in blood
samples (B), inhair (H) and nails (N) of the patients vwith CI.HHV-6. Data on Patient 3 appeared in Hubacek

et al [2007a).

HHV -6 infection, but none were found. However, in four
patients toxic adverse effects of chemotherapy such as
hepatitis and rash (see Table [I) were identified clearly.

DISCUSSION

The overall prevalence of HHV-6 DNA in the pediatric
patients with lenkemias was28.3% whichisvery similar
to the 37.6% and 30% of HHV-6 positive reported in
hematological patients (both adults and children)
[Ma et al., 2000; Chemaly et al., 2008). The prevalence
of HHV-6 DNA in the group of pediatric patients studied
1is similar to adult data [Ma et al., 2000; Chemaly et al.,
2008] and slightly lower prevalence in comparison
with pediatric patients from China with a prevalence
of 40% [Ma et al., 2000].

After normalizing the HHV-6 DNA load to the
quantity of human genome equivalents, two distinct
levels emerged: one abnormally high level from five

patients with suspected CI-HHV-6 whereas the lower
level observed in the majority was consistent with
virus reactivation. To confirm that low level positivity
represents only viral reactivation, an additional small
prospective study among 22 children treated at Motol
University Hospital was carried out. HHV-6 DNA was
detected in mine children with low positivity (median
load of 20.4 NVCs). HHV-6 DNA was not detected in
control samples from whole blood and nails in any
of these positive children. Therefore, adjustment is
advantageous in patients whose white blood cell count
vary greatly such as leukemic and hematopoietic
stem cell transplant patients during neutropenia, bone
marrow regeneration after chemotherapy or trans-
plantation, and after use of granmulocyte-colony stim-
ulating factor. Thus, despite the differences in the
absolute amount of viral BNA in blood in these patients,
the adjusted ratio tonormal makes it easy to distinguish
between abnormally high and lower levels,

TABLE IL Clinical Features of the Patients With CI-HHV-8

Number of Type of leukemia (age at
patient diagnosis/relapse/HSCT)  Treatment protocols Complications during the treatment
1; ALL (13.9 years) ALL-BFM 95 Hyperkaleemia, bronchopneumonia, enterccolitis,
febrile neutropenia
2 ALL (15.0 years) ALL-BFM 95 Acute renal failure at diagnosis, hepatopathy,
1x allergic reaction after platelets substitution
3 ALL (3.0 years) ALL-BFM 95 No signifieant complication
(6.4 years) ALL-BFMREZ2002 Dermatitis after Mtx, Infection of central venous
eatheter, fehrile neutropenia
(8.7 years) HSCT Acute GVHD grade II, hemorhagie cystitis,
polyneuropathy
4 ALL (2.8 years) ALL-BFM 85 No significant complication
(5.4 years) ALL-BFMREZ 2002 No significant complication
(8.3 years) HSCT Deceased due to CMV pneumonia 137 days after HSCT
5 ALL 4.3 years) ALL-IC BFM 2002 Enteritig, febrile neutropenia, asparaginase allergy

ALL, acute lymphoblastic leukemia, AML, acite myeloid leukemia, HSCT, hematopeietic stem cell transpl

graft versus host disease; CMV, human cytomegalovirus.

. Mtx, meth . GVHD,

. Med. Virol. DOI 10.1002fmv
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The five patients were suspected to have CI-HHV-6 on
the basis of an HHV-6 DNA load of about one copy/cell
(about 100,000 NVCs), that is, at the abnormally high
level already demonstrated in CI-HHV-6 [Ward et al.,
2006; Hubacek et al., 2007b]. Two were confirmed with
CI-HHV-6 based on the detection of HHV-6 DNA in hair
follicles at a level of about one copy/eell and the other
three had viral DNA in the nails at a level of about one
copy/cell. DNA extracted from the nails can therefore be
also used for confirmation of CI-HHVE as is used for
studies of chimaerism after hematopoietic stem cell
transplant [Uchida et al., 1996].

The prevalence of 1.4% CI-HHV-6 among the patients
studied is in agreement with published observations
on Japanese patients referred to Osaka University
Hospital (0.2%) [Tanaka-Taya et al., 2004], UK blood
donors (0.8%) [Leonget al., 2007], CSF samples from UK
children younger than 2 years of age (2.0%) or older
(1.3%) [Ward et al., 2007] and in patients referred to the
Royal Free Hospital, London (2.9%) [Leong et al., 2007].

Importantly, clinical problems attributable to CI-
HHV-6 have not been observed in the present study.
Hepatitis, neuropathy, skin rash and other complica-
tions which occurred in the patients with CI-HHV-6
were those also present commonly in the rest of our
patients treated for leukemia. All are well known side
effects of chemotherapy or allergic reactions following
the repeated administration of blood derivatives and
in all the CI-HHV-6 cases there was always a clear
relationship between such symptoms and therapeutic
procedures. Furthermore, without any complications
related to HHV-6, Patients 3 and 4 had a rapid decline of
detectable HHV-6 DNA in whole blood after allogeneic
hematopoietic stem cell transplant which correlated
inversely with replacement of their hematopoietic
system with that of the donor who did not have
CI-HHV-6 [Hubacek et al., 2007al.

In conclusion, the data strongly suggests that CI-
HHV-6 is not able to reactivate from its chromosomal
site to give rise to active infection even under immuno-
supression induced by chemotherapy. Therefore, the
highest risk for patients with CI-HHV-6, in whom
high levels of HHV-6 DNA are detected, remains an
unnecessary and ineffectual use of toxic antivirals
[Hubacek et al., 2007b] and the failure to search further
for the true cause of unexplained clinical problems.
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1.5 Priloha 5 — Sekvence primeriu pro reverzni transkripci

Nazev Sekvence od 5" do 3’ Nazev Sekvence od 5°do 3”
6A-U3-F TTATGCGCACACGTGGTTAT 6B-U3-F TCAACGACAACGACGAAGAC
6A-U3-R TCTCGAAAACACAGCACGTC 6B-U3-R GACGCTCATCGTTTCTAGCC
6A-U12-F GCTTTTGGTTAGCCCGTGTA 6B-U12-F CACGCTAAAGACAGCACGAA
6A-U12-R TGAATCCTTGCGTTTCTGTG 6B-U12-R ACCACATGAGCACAAAATCG
6A-U17-F GGTTATCGGAAGCATTGGAA 6B-U17-F GGCATGTTATTGGGAGCATT
6A-U17-R ACAACGGCAAAATTTCTTGG 6B-U17-R GCGACGATATCCCCTAACAA
6A-U18-F GATCATAGCGCAGGAGGTGT 6B-U18-F CTGGGAATTCCAGCTGTGTT
6A-U18-R ATGCGCAACCTTTTTCTTGT 6B-U18-R CTCCTGCGCTATGACCTTCT
6A-U19-F GCTGGTACAAGAGTGCACGA 6B-U19-F TGCCACTCAAACTGAAGACG
6A-U19-R TCGCATGTGAAATTCGATGT 6B-U19-R CACCGACCACTGTTGTATCG
6A-U22-F GGCTCAGAGAAACGGAACTG 6B-U22-F TCGATGCGTTATCGAGACTG
6A-U22-R TCCACGAACACAACACCAAT 6B-U22-R CTTTCTTTTCGGCAGAATGC
6A-U29-F TGAGGGAATCGAAGATGGAC 6B-U29-F CTTAGCGACCAAATGCAACA
6A-U29-R CCCAGTGCGTATTTTGACCT 6B-U29-R AGCTCCTTGGAGGAGGAGAC
6A-U30-F ATTCAGTTTCCAGGCGACAC 6B-U30-F TGTCCATCCTCGACTTCCTC
6A-U30-R AGTTCTGGGCTGTTTCCTGA 6B-U30-R GGGTAAGCATGAGCTTCTCG
6A-U31-F ACGTTTATCTACCGCCGATG 6B-U31-F CACCTAAAGGCGAAAATGGA
6A-U31-R CAGTATTGTTGGGCGGAAGT 6B-U31-R TTGGCTGCTTTGTTCATCAG
6A-U38-F TGATGGCGCATAATCTGTGT 6B-U38-F CAAGGAGTGCCTGTGGGTAT
6A-U38-R CATCTCCGCCTTCACTTCTC 6B-U38-R GCTAAGGTGAGCCAGATTCG
6A-U39-F CCGGACGAATTGAGTAGAGC 6B-U39-F GGATATTGTGGGTGGAGTGG
6A-U39-R CCACTCCACCCACAATATCC 6B-U39-R TAGGCGTCTTGACGACAGTG
6A-U42-F CATCACCGTCATGAAATTCG 6B-U42-F TTCCATCACGCATAGACCAA
6A-U42-R CTCGGAGTTTGGCATCTCTC 6B-U42-R AGCGCGTTTTTCTTGTTGTT
6A-U43-F ACGGGCAAACAGAAGGTATG 6B-U43-F GACCTACGGGCAAACAGAAG
6A-U43-R TTTGTCTGGCGTACGTTGAG 6B-U43-R CGTTGCGAAGTCTGCAAATA
6A-U48-F TGCTAGCCGAAATAGCGAAT 6B-U48-F CATATCGGACGAGAGCCATT
6A-U48-R TCGATAACGGTCAAGGGAAG 6B-U48-R CGATTCTGTCGTGTTGATGG
6A-U51-F GTCGGTCGAGAATACGCTGT 6B-U51-F CGGAGTTTTATGGCTGGGTA
6A-U51-R AGCCTTGGAATTCTCGTTCA 6B-U51-R GGCAAAGTCCAATGTCCACT
6A-U54-F CGGCCTCTCTACATCACCAT 6B-U54-F CGCATCAATTACTCGCAAGA
6A-U54-R TGCAACCGTGCTTAGACTTG 6B-U54-R CGACCGTGGTTAGACTTGGT
6A-U57-F TAACGTTCGGCGGAATTAAC 6B-U57-F AGGCGACCGAAATTTTACCT
6A-U57-R TCTGTTTGGGTGTGGTCGTA 6B-U57-R GCAGTAGATTCCGAGCAAGG
6A-U64-F CGCAAACGTATCAAGTCGTG 6B-U64-F TGCACCGAGAAATAGTGCTG
6A-U64-R AATCTTTCCCGAGCTGCATA 6B-U64-R CTGCCTTTAAGCCTCTGACG
6A-U73-F TACATTTGTGTCCGCGATGT 6B-U73-F TGGGAAAGTTCAGAGCGACT
6A-U73-R GAGTGGAAACCGAGACCGTA 6B-U73-R AAAACTCTTCGGCAGCACAT
6A-U74-F TGGGACCTTCAGGAACAAAG 6B-U74-F GCTTTATTCGATGCGGTGAT
6A-U74-R ACAGGTACCGTGTCCAGAGG 6B-U74-R GCGCGAAATTTCCATACACT
6A-U75-F ACTGCAAGAACTGCGACTCA 6B-U77-F TGTCGCGTGCAAAACTAAAG
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Nazev Sekvence od 5" do 3’ Nazev Sekvence od 5°do 3”
6A-U75-R TAGGGCTGGAAAGAGAACGA 6B-U77-R CGGAACAATTCCGTTCTCAT
6A-U77-F AACGGTGGATTACGCCACTG 6B-U82-F AAATTGCACGAGATCCGAAG
6A-U77-R TTATTCGGGTCGGTTACTCG 6B-U82-R CGAGATTCTGGGTCCCCTAT
6A-U82-F GAATCCTGCTAAAGGCGTCA 6B-U83-F TGCGGCATATATTGGTATGG
6A-U82-R AGAATTGTAGGGCGGGAACT 6B-U83-R ACATCGAGCCCTGCTCTAAA
6A-U83-F ACGAGAAAACGTCTGCGACT 6B-U86-F AAACTCCAACGGACACCAAG
6A-U83-R GGTTGACGATCCGTTCTCAT 6B-U86-R TCACTGTTGTTGGGGGATTT
6A-U86-F ACAAAAACAAGGACCGCAAG 6B-U94-F CTGCAAAGTGGTACGCTCAA
6A-U86-R ACCGTCGATGATTGAACACA 6B-U9%4-R GCATACGTGCACCAATCATC
6A-U94-F CTGCAAAGTGGTACGCTCAA 6B-U95-F CAAGAAAGGCGAAAAGTTGC
6A-U94-R GCATACGTGCACCAATCATC 6B-U95-R CTCTTGGCTTGGCGATAGTC
6A-U95-F AGTATCGCCAAGCCAAGAGA 6B-U100-F CAATGGCACATGTTGTCCTC
6A-U100-F TGCGCCCGTTAATATAGAGG 6B-U100-R AACGTGAACACCATTCGTGA
6A-U100-R | AACACCATTCGAAACCTTGC
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1.6 Priloha 6 — Soupis onemocnéni

230 détskych pacientil s malignim onemocnénim 1é¢enych na Klinice détské

hematologie a onkologie 2. LF UK a FN Motol

Nazev maligniho onemocnéni kod Pocet

MNK | osob

Hepatoblastom C22.2 3
Nadory kosti a chrupavky koncetin C40.* 16
Nadory kosti a chrupavky v t€le mimo koncetiny C41.~* 6
Nadory perifernich nervli a autonomniho nervového systému | C47. * 7
Nédory retroperitonea a peritonea C48.0 1
Me¢kkotkanové nadory C49. * 9
Nédory varlat C62.9 2
Nédory ledvin s vyjmkou ledvinné panvicky Co64. * 1
Nadory sitnice C69.2 2
Nadory CNS Crl.* 9
Nadory panve a hrudniku C76.* 2
Hodkiniv lymfom C81. * 30
NHL-folikularni lymfom C82.2 1
NHL-non-folikularni lymfom C83. * 28
jiny, nespecifikovany NHL C85. * 2
ALL C91. * 85
AML C92. * 17
MDS D46. * 8
Chromické myelofibroza D47.* 1
Celkem 230

Rozdé¢leni diagnoz u détskych pacientii dle Mezinarodni klasifikace nemoci.

* znaci jakékoli dalsi mozné ¢&islo.
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345 dospélych pacientd 1é¢enych na Ustavuhematologie a krevni transfuze

Nazev maligniho onemocnéni kod Pocet
MNK | osob

Hodgkinliv lymfom C81.* 3
NHL-folikularni lymfom C82.* 6
NHL-non-folicularni lymfom C83.* 9
Zralé¢ T/NK lymfomy C84.* 4
Jiny, nespecifikovany NHL C85.* 5
Maligni imunoproliferativni nemoci a jisté dalsi typy B
bunécnych lymfomil C88.0 1
Mnohocetny myelom C90.0 3
ALL Co1.* 82
AML C92.* 141
Akutni monoblastickd/monocytoidni leukémie C93.* 3
Jiné leukémie ze specifickych bun¢k C94.0 2
Leukémie nespecifikovanych bunécnych typi C95.* 6
Histiocyt6za z Langerhansovych bunék C96.1 1
Polycytemia vera D45 2
Myelodysplasticky syndrom D46.* 48
Dalsi nddorova onemocnéni nejistého chovani z
lymfatické/hematopoetické tkdné (zejména chronicka
myeloproliferativni nemoc) D47.* 29
Celkem 345

Rozdé¢leni diagnoz u détskych pacientii dle Mezinarodni klasifikace nemoci.
* znaci jakékoli dalsi mozné ¢&islo.




1.7 Priloha 7 — Informovany souhlas

Informovany souhlas s poskytnutim vzorku nehtti pro studii chromozomalné integrovaného

HHV-6
Vazeny pane, Vazena pani,

v ramei 1ékafského vyzkumu zkoumame problematiku virovych infekci danych Sestym lidskym
herpesvirem (HHV6-Human Herpesvirus 6). Tento virus je bézné u déti pfi¢inou lehké détské exantémové
nemoci (Sestd exantémova nemoc), ktera v pribéhu n&kolika dni vyssich teplot a nasledného prchavého
exantému sama odezni. U téZce imunosuprimovanych pacient (détskych i dospélych), jako jsou napiiklad
pacienti 1éCeni pro nadorové onemocnéni, ¢i pacienti po transplantacich, je vSak tento virus popisovan i jako

V posledni dobé jsou také popsany pripady integrace genetické informace tohoto viru piimo do
lidskych chromosomi vSech bunck téla u piiblizné 1-2% populace. Tento stav sice dovoli genetickou
informaci viru detekovat, ale je pro pacienta z dosud znamych fakti biologicky zcela bez vyznamu. Ptes to se
zda, ze alespon nékteré virové proteiny jsou vtomto stavu tvofeny a mohou tedy néjak ovliviiovat
organismus nositele. Potencialni nebezpeci pro nositele lezi z pohledu chromosomalné integrovaného HHV6
tedy predevsim v detekovani pfitomné virové genetické informace ve vysoké kvantité, ktera je u vétSiny
imunosuprimovanych pacientt pfiznakem aktivni infekce s nutnosti 1é¢by virostatickymi 1éky s potencialné
nebezpecnymi nezadoucimi Géinky.

Protoze se snazime se o chromosomalné integrovaném HHV6 a jeho biologickém chovani dozveédét
€O nejvice, abychom zabranili moznym zavaznym nezadoucim ucinkdm virostatické terapie, chtéli bychom
Vas pozadat o souhlas s vySetfenim nehtd Vasich, ¢i Vaseho ditéte na pfitomnost genetické informace

HHV®6. S pfipadnym pozitivnim vysledkem budete seznameni.

Vas ptipadny nesouhlas plné respektujeme a v zadném piipadé neovlivni poskytovanou lékaiskou

péci. Precetl jsem a porozumél piedloZzenému textu.

Souhlasim s vyuzitim vzorkli odebranych mné (mému ditéti) k vyzkumu za vySe uvedenych

podminek

Vv dne

Podpis: Podpis zakonného zastupce
(u osob mladsich 18-ti let)
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1.8 Priloha 8 — Navody

1.8.1 QlAamp DNA Blood Mini Kit

Important Notes Before Starting
Preparation of reagents

QIAGEN Protease stock solufion (store at 2-8°C or ~20°C)

When using the QlAamp DNA Blood Mini Kit (50), pipet 1.2 ml protease solvent*
(nucleasefree water containing 0.04% sodium azide) into the vial confaining
lyophilized QIAGEN Protease, as indicated on the label. When using the QlAamp
DNA Blood Mini Kit (250), pipet 5.5 ml protease solvent into the vial containing
lyophilized QIAGEN Protease, as indicated on the label.

Dissolved QIAGEN Protease is stable for up to 2 months when stored at 2-8°C.
Storage at ~20°C is recommended to prolong the life of GIAGEN Protease, but
repeated freezing and thawing should be avoided. For this reason, storage of
aliquots of QIAGEN Protease is recommended.

Buffer AL! (store at room femperature, 15-25°C)

Mix Buffer AL thoroughly by shaking before use. Buffer AL is stable for 1 year when
stored at room lemperature.

Note: Do not add QIAGEN Protease or Proteinase K directly to Buffer AL.

Buffer AW1! (store at room temperature, 15-25°C)

Buffer AW is supplied as @ concentrate. Before using for the first time, add the
appropriate amount of ethanol (96-100%) as indicated on the botfle and in Table 7.
Buffer AW is stable for 1 year when stored closed at room temperature.

Table 7. Preparation of Buffer AW1

x

3
=
a
3
-

Q
2
a

Vacuum Protocol

Blood and Body Fluid Vacuum Protocol
Things to do before sarfing:

Equilibrate samples to room lemperature (15-25°C).

Heat a water bath or heating block 1o 56°C for use in step 4.

Equilibrate Buffer AE or distilled water to room temperature for elution in step 11
Ensure that Buffer AW1, Buffer AW2, and QIAGEN Protease have been prepared
according to the insiructions on page 24,

If a precipitate has formed in Buffer AL dissolve by incubating at 56°C.

All centrifugation steps should be carried out at room temperature.

For setp of the GlAvoc 24, see pages 18-20. For selup of the GlAvac 65, see
pages 21-23

Switch off vacuum between steps 1o ensure that a consistent, even vacuum is applied
during protocol steps.

Use carrier DNA if the sample contains <10,000 genome equivalents (see page 9).
200 pl of whole blood yields 3-12 pg of DNA.

Pipet 20 pl QIAGEN Protease (or Proteinase K) into the bottom of a 1.5 ml
microcentrifuge tube.

Add 200 i sample o the microcentrifuge tube. Use up fo 200 i whale blood,
plasma, serum, or body fluids, or up to 5 x 10* lymphocytes in 200 pl PBS.
1f the sample volume is less than 200 1, add the appropriate volume of PBS.
GlAamp Spin Columns copurify RNA and DNA when bokh are present in the
sample. RNA may inhibit some downstream enzymatic reactions, but not PCR. If

- - RNAdree genomic DNA is required, 4 pl of an RNase A stock solution (100 mg/mi)
Knits AW isrconbils () Bbonsl b Final vebirsa should be added fo the sample before addiion of Buffer AL
50 19 25 44 Note: It is possible to add QIAGEN Protease (or Proteinase K] to samples that have
250 95 125 220 already been dispensed ino microcentrifuge tubes. In this case, it is important o
ensure proper mixing after adding the enzyme
4. Buffer AW2" (store at room temperature, 15-25°C) Add 200 pl Buffer AL to the sample. Mix by pulse-vortexing for 15 5.

* Conkam scbm da o1 0 prvrvabe, Whkts wori whh lamica chuoys waar o ikt b o
d/.pmu.g consul

Buffer AW2 is supplied as a concentrate. Before using for the first fime, add the
appropriate amount of ethanol (96-100%) to Buffer AW2 concentrate as indicated
on the botfle and in Table 8, page 25.

Buffer AW2 is stable for 1 year when stored closed at room femperature.

For ril sofety dot
on IS4, avaloble Fom e prodict upplar

' S::::nx chookopic sak, which is an imtont. Take appropriote loboratcry safety measures and wear gloves

handing. Not compatble wih disinfecting ogent containing bleach

24

QiAamp DNA Mini Kit and QlAamp DNA Blood Mini Kit 02/2003

In order o ensure efficient lysis, it is essential that the sample and Buffer AL are mixed
thoroughly 1o yield @ homogeneous solufion

1 the sample volume is larger than 200 yl, increase the amount of IAGEN Protease
for Proteinase K] and Buffer AL proportionally; e.g., a 400 pl sample will require
40 pl QIAGEN Protease [or Proteinase K) and 400 pl Buffer AL If sample volumes
larger than 400 pl are required, use of QlAamp DNA Blood Midi or Maxi Columns
s recommended; these can process up 1o 2 ml or up 1o 10 m of somple, respectively.
Note: Do not add QIAGEN Protease or Proteinase K directly to Buffer AL.

QlAamp DNA Mini Kit and GlAamp DNA Blood Mini Kit 02/2003

4. Incubate at 56°C for 10 min.
DNA yield @ maximum afer lysis for 10 min ot S6°C. s A second elution step with a further 200 1 Buffer AE will increase yields by upto 15%.
times have no effect on yield or quality of the purified DNA. Volumes of more than 200 pl should not be eluted into a 1.5 ml microcentrifuge tube
) ) . tos because the spin column will come into contact with the eluate, leading 1o possible
5. Mwhljdmmnhbm&opﬁwhm&d oerosol jon during centifugation.
h Elufion with volumes of less than 200 pl increases the final DNA concentration in the
B ﬁim" w'm""‘."'“"" 0 g oy el vertidng foe eluate significantl, but slightly reduces overall DNA. yield (see Table 4, page 16).
h‘_."?“"‘h“_""‘au""“"‘"’ drops For samples containing less than 1 pg of DNA, elution in 50 l Buffer AE or water is

If the sample volume is greater than 200 pl, increase the amount of alcohol
proportionally; e.g., @ 400l sample will require 400 pl of alcohol.

recom Elufing with 2 x 100 pl instead of 1 x 200 l does no increase
elution efficiency.
For longterm storage of DNA, eluting in Buffer AE and storing at ~20°C is

1014 WANSDA
Apog 3 poojg

7. Insert the QlAamp Spin Column info the VacConnedior on the QlAvac vacuum

manifold. Carefully apply the mixture from step 6 to the QlAamp Spin Column
without wetting the rim. Switch on the vacuum pump. Be sure to leave the lid of the
QlAamp Spin Column open while applying vacuum. After all lysates have been
drawn through the spin column, switch off the vacuum pump.
The collecfion tube from the blister pack can be saved for the centrifugation in step 10.
¥ at this stage all of the solufion has not passed through the membrane, place the
GlAamp Spin Column into a clean 2 mi collection fube (provided), close the cap,
and centrifuge at 6000 x g (8000 rpm) for 3 min or untilall the liquid has completely
passed through. Place the QlAamp Spin Column info anolher clean 2 mi collecion
tube, and discard the tube confaining the filrate. Continue with step 8 of the spin
protocol on page 28.

8. Apply 750 pl Buffer AW1 1o the QlAamp Spin Column without wetting the rim. Leave
the lid of the Spin Column open and switch on the vacuum pump. After all of Buffer
AW1 has been drawn through the spin column, switch off the vacuum pump.

9. Add 750 pl Buffer AW2 without wetting the rim of the QlAamp Spin Column. Leave
the lid of the spin column open and switch on the vacuum pump. After all of Buffer
AW?2 has been drawn through the spin column, switch off the vacuum pump.

10. Close the lid of the QlAamp Spin Column, remove it from the vacuum manifold, and
discard the VacConnector. Place the QlAamp Spin Column info a dean 2 ml
collection tube and centrifuge at 20,000 x g (14,000 rpm) for 1 min fo dry the
membrane completely.

recommended, since DNA stored in water is subject fo acid hydrolysis.

A 200 yl somple of whole human blood (~5 x 10¢ levkocytes/mi) typically yields
6 pg of DNA in 200 pl water (30 ng/pi] with an Azu/Azes ratio of 1.7-1.9.

For more information about elution and how to determine DNA yield, purity, and
length, refer fo pages 15-17.

100,

P4
Blood & Body Fluid
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n. rl-ui-ahnp»nmmu&-n.sdmﬁgmhbupwdd
Discard the collection tube containing the filtrate. Carefully open the QlAamp Spin
Column. Add 200 pl Buffer AE or distilled water equilibrated to room temperature.
Incubate at room temperature for 1 min, and then centrifuge at 6000 x g (8000 rpm)
for 1 min.

Incubafing the QlAamp Spin Column loaded with Buffer AE or water for 5 min ot
room temperature before centrifugation generally increases DNA yield.

GlAamp DNA Mini Kit and GlAamp DNA Blood Mini Kit 02/2003 3 32 GlAamp DNA Mini Kit and GlAamp DNA Blood Mini Kit 02/2003

Cely navod je ke k dispozici: http://www.giagen.com/Products/Catalog/Sample-Technologies/DNA-Sample-
Technologies/Genomic-DNA/QlAamp-DNA-Mini-Kit#resources
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1.8.2

QIAamp DNA Micro Kit

Protocol: Isolation of Genomic DNA from Forensic Case
Work Samples

This protocol is for isolation of genomic DNA from cigaretle butts, envelopes, hotr, noil
clippings, slomps, or blood, saliva, or semen siains.

Important points before starting

Perform oll huge steps of room 15-25°Q)
Check whether carrier RNA is required (see poges 12 and 14)

m...-.a.u--s.

Equilibrate Bufler AE or distifled woter for elution to room temperature (15-25°C)
Set o thermomixer or heated orbitol incubator to 56°C for use in sep 2, ond @
second thermomixer or heated orbital incubator to 70°C for use in step 5. If
heoting blocks o

I Buffer AL or Buffer ATL contoins precipitates, dissolve by heating 1o 70°C with
genfle agitation

If processing semen sains, hair, or nall clippings, prepare on aqueous | M DTT
(dishiothreitol) stock solution. Store aliquots ot ~-20°C. Thaw immediately belore
use

Ensure thot Buffers AW and AW2 have been prepared according 1o the instructions
on poge 13
Optionol: If pr
required

ng stoined fobrics, GlAshredder Spin Columns may be

Procedure

Lyse samples occording to step 1a cigorette butts), 1b (envelopes or stamps, T¢
fhair roats), 1d thair shafts without roohs), 1« (nail dippings), or 1f imaterial stained
with blood, saliva, or semen).

Lysing cigarette buths:

Cutouta | cam’ piece of outer paper from the end of the cigarette or filler. Cut this
plece info & smaller pieces. Transfer the pieces 1o a 1.5 ml microcentrifuge tube
[not provided).

Add 300 i Buffer ATL and 20 pl Proteinase K, close the lid, and mix by pulse-
vortexing for 10 5. Continue the procedure from step 2.

GlAamp DNA Micro Handbook  08/2003

Briefly centrifuge the tube to remove drops from the inside of the lid.

Add 300 pl Buffer AL, dose the lid, and mix by pulse-vortexing for 10 5.

To ensure efficient lysis, it is essential that the sample and Buffer AL are thoroughly
mixed to yield o s solution.

A white precipiiate may form when Bufier AL s odded to Buffer ATL The precipitate
does nol interfere with the GlAamp procedure and will dissolve during incubation
in step 5

Note: If carrier RNA s required (see poge 12), odd | pg dissolved carmier RNA
1o 300 pl Buffer AL Note that carrier RNA does not dissolve in Buffer AL It must
first be dissolved in Buffer AE and then odded 1o Buffer AL

Ploce the tube in the thermomixer or heated orbital incubator, and incubate ot
70°C with shaking at 900 rpm for 10 min.

If using a heating block or water bath, vorfex the tube for 10 5 every 3 min to
improve lysis

Centrifuge the tube ot full speed (20,000 x g; 14,000 rpen) for 1 min.

Carefully wansfer the supernatant from step 6 to the QlAamp MinEhste Column
without wetting the rim.

Lysate remaining in solid somple moteriol (e.g., denim) can be horvested by
wramsferring the materiol 1o o QlAshredder Spin Column {not supplied) ond
centrifuging ot full speed for 2 min. Transher the flow-through 1o the GlAamp MinElute
Column without wetting the rim.

Close the lid, and centrifuge at 6000 x g (8000 rpm) for 1 min. Place the QlAamp
MinElute Column in o clean 2 ml collection tube, and discard the collection tube
containing the flow-through.

1f the lysate has not completely passed through the membrane afier centrifugation,
cenirifuge ogain at o higher speed until the QlAamp MinElute Column is emply.
Carefully open the QlAamp MinElute Column and add 500 pl Buffer AW without
wefting the rim. Close the lid and centrifuge ot 6000 x g (8000 rpm| for | min.
Ploce the QlAamp MinElute Column in a dean 2 ml collection tube, and discard the

Lysing envelopes or stamps:
Cut out & 0.5-2.5 cm® sample from the envelope or stamp, and then cut it into
smaller pieces. Transfer the pieces to a 1.5 ml microcentrifuge tube [not provided).

Note: Before cutting out the envelope or stamp sample, surfoce contamination can
be reduced by using o swab moistened with distilled water.

Add 300 pl Buffer ATL and 20 pl Proteinase K, close the lid, and mix by pulse-
vortexing for 10 s. Continue the procedure from step 2.

Lysing hair roots:

Add 300 l Buffer ATL, 20 pl Proteinase K, and 20 pl 1 M DT to @ 1.5 ml micro-
centrifuge tube (not provided).

Cut off a 0.5-1 am piece starfing from the hair bulb and ransfer it to the 1.5 mi
microcentrifuge tube. Close the lid and mix by pulse-vortexing for 10 s. Continue
the procedure from step 2.

Lysing hair shafts {without roots):

Add 300 pl Buffer ATL, 20 pl Proteinase K, and 20 pl 1 M DTT to 1.5 ml micro-
centrifuge tube (not provided).

Cut the hair shoft into 0.5-1 cm pieces and transfer them to the 1.5 ml microcen-
trifuge tube. Close the lid and mix by pulse-vortexing for 10 s. Confinue the
procedure from step 2.

Lysing nail dippings:

Transfer the nail dippings to @ 1.5 ml microcentrifuge tube (not provided).

Add 300 pl Buffer ATL, 20 pl Proteinase K, and 20 pl 1 M DTT, dose the lid, and
mix by pulse-vortexing for 10 5. Continue the procedure from step 2.

. Lysing material stained with blood, saliva, or semen:

Cut out up to 0.5 cm* of stained material and then cut i into smaller pieces. Transfer
the pieces to a 2 ml microcentrifuge fube (not provided).

Add 300 pl Buffer ATL and 20 pl Proteinase K. i processing semen stains, odd
20 pl 1 M DTT as well. Close the lid and mix by pulse-vortexing for 10 s. Continue
the procedure from step 2.

Place the tube in @ thermomixer or heated orbital incubator, and incubate ot 56°C
with shaking at 900 rpm for ot least 1 h.

In general, hairs are lysed in 1 h. If necessary, increase the incubation time to
ensure complele lysis.

i using o heating block or water bath, vortex the tube for 10 s every 10 min to
improve fysis.

For lorger samples of nail dippings, we recommend overnight incubation ot 56°C
Any materiol that is not lysed during this incubation step or the incubation in step
5 will be pelleted during centrifugation in step 6.
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Carefully open the QlAamp MinElste Column and odd 500 l Buffer AW2 without
wetting the rim. Close the lid and centrifuge ot 6000 x g (8000 rpm] for 1 min.
Ploce the QlAamp MinElute Column in o dean 2 ml collection tube, and discord the
collection tube containing the flow-through.
Contact between the QlAamp MinElte Column ond the flow-through should be
avoided. Some centrifuge rofors moy vibrate upon deceleration, resulting in the
which contoins ethanol, coming into contoct with the MinElute
Column. Take care when removing the QlAamp MinElue Column and collection
tube from the rolor, so that flowthrough does not come into contoct with the
GlAomp MinElute Column

. Centrifuge ot full speed (20,000 x g; 14,000 rpm for 3 min to dry the membrone
completely.

This slep is necessary, since ethanol corryover info the eluote may interfers with
some downstream opplications.

hﬁﬂh&ﬂ.(ﬂbnuhl}dmﬂhu
provided) and discard the collection tube containing the

open the lid of the QlAamp MinElute Column ond apply 20-50 pl Buffer AE or
distilled water o the center of the membrane.

1 high pH or EDTA affects sensitive downsiream applications, use water for elufion
(see poge 11)

Important: Ensure that Buffer AE or distiled woter is equilibroted 1o room lemperature
(15-25°C). Dispense Buffer AE or distifled water onfo the center of the membrane
10 ensure complete elution of bound DNA.
Mwmwmmnhm.dmm
Choose o volume 1o the
thd‘mdMﬂhwbStha\thW
solution applied 1o the column

. Close the lid and incubate ot room temperature (15-25°C) for 1 min. Centrifuge o

full speed 120,000 x g: 14,000 rpm) for 1 min.
Incubating the GlAamp MinElute Column looded with Buffer AE or water for 5 min
at room temperature before centrifugation generally increases DNA yield

Cely navod je ke k dispozici:http://www.qgiagen.com/Products/Catalog/Sample-TechnologiessDNA-Sample-

GlAamp DNA Micro Handbook  08/2003
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Technologies/Genomic-DNA/QIAamp-DNA-Micro-Kit#resources



1.8.3 Plasmid mini kit

Protocol: Plasmid or Cosmid DNA Purification using
QIAGEN Plasmid Mini Kit

This protocol is designed for preparation of up to 20 pg of high-copy plasmid or cosmid
DNA using the QIAGEN Plasmid Mini Kit. For addifional protocols, such as for cosmid,
low-copy-number plasmid, BACs, PACs, P1s, and doublestranded M13 repllccnve form
purification, see the recommendations at www.giagen.com/gofo/pl

Important notes before starting

B New users are advised fo familiarize themselves with the detailed protocol provided
in this handbook. In addition, extensive background information is provided on our
plasmid resource page www.giagen.com/goio/plasmidinfo.

M Optional: Remove samples at indicated steps to monitor the procedure on an
analytical gel [see page 41)

Things to do before starting

B Add the provided RNase A solution to Buffer P1 before use. Use 1 vial RNase A
[centrifuge briefly before use] per bottle Buffer P1 for final concentration of 100 pg/ml.

B Check Buffer P2 for SDS precipitation due o low storage femperatures. If necessary,
dissolve the SD$ by warming to 37°C.

M Prechill Buffer P3 at 4°C.

B Optional: Add the provided LyseBlue reagent fo Buffer P1 and mix before use. Use
1 vial LyseBlue reagent per botfle Buffer P1 for a final dilution of 1:1000 (e.g., 10 pl
LyseBlue into 10 ml Buffer P1). LyseBlue provides visual identification of opfimum buffer
mixing thereby preventing the common handling errers that lead to inefficient cell
lysis and incomplefe precipitation of SDS, genomic DNA, and cell debris. For more
details see “Using LyseBlue reagent” on page 14.

Procedure

1. Pick a single colony from a FrEsMy streaked selective plate and inoculate a starter
culture of 2-5 ml LB medium contai ing the appropriate selective antibiotic. Incubate
for approximately 8 h at 37°C with vigorous shaking (approx. 300 rpm).
Use a tube or flask with a volume of at least 4 times the volume of the culture.

2. Dilute the starter culture 1/500 to 1/1000 into 3 ml selective LB medium. Grow at
37°C for 12-16 h with vigorous shaking {approx. 300 rpm).
Use a flask or vessel with a volume of ot least 4 times the volume of the culture. The
culture should reach a cell density of approximately 3—4 x 107 cells per millilifer,
which typically corresponds to a pellet wet weight of approximately 3 g/liter
medium.
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7. Centrifuge at maximum speed in a microcentrifuge for 10 min. Remove supernatant
containing plasmid DNA promptly.
Before loading the cenlrifuge, the sample should be mixed again. Cenfrifugation
should be performed af maximum speed in 1.5 ml or 2 ml microcenrifuge fubes
le.g., 10,000-13,000 rpm in @ microcentrifuge). Maximum speed comesponds fo
14,000-18,000 x g for most microcentrifuges. After centrifugation, the supernatant
should be clear. Ifthe supernatant is not clear, a second, shorfer centrifugation should
be carried out io avoid applying any suspended or particulate material to the column.
Suspended material (which causes the sample to appear turbid) will clog the column
and reduce or eliminate flow.

Optional: Remave a 50 pl sample from the cleared lysate and save it for an analytical

gel sample 1)
8. Equilibrate o QIAGEN-ip 20 by applying T ml Buffer QBT, and allow the column to
empty by gravity flow.

Place QIAGENHips into a QlArack over the waste fray or use the fip holders provided
with each kit [see “Setup of QIAGENHips” page 13). Flow of buffer will begin
avtomatically by reduction in surface tension due to the presence of detergent in the
equilibration buffer. Allow the QIAGENHip fo drain completely. QIAGEN-ips can
be left unattended, since the flow of buffer will stop when the meniscus reaches the
upper frit in the column.

9. Apply the supematant from step 7 to the QIAGEN-tip 20 and allow it fo enter the
resin by gravity flow.
The supernatant should be loaded onto the QIAGENip promptly. Ifit is left toa long
and becomes cloudy due to further precipitation of protein, it must be centrifuged
again before loading to prevent clogging of the QIAGENHip.
Opiional: Remove a 50 il sample of the flow-hrough and save for an analytical gel
(sample 2).

10. Wash the QIAGEN-tip 20 with 2 x 2 ml Buffer QC.
Allow Buffer QC to move through the QIAGENHip by gravity flow.
Optional: Remove a 220 pl sample of the combined wash fractions and save for an
analytical gel (sample 3).

11. Elute DNA with 0.8 ml Buffer QF.
Collect the eluate in a 1.5 ml or 2 ml microcentrifuge fubes (not supplied).
Note: For constructs larger than 45-50 kb, prewarming the elufion buffer to 65°C
may help to increase yield.
Optional: Remove a 45 pl sample of the eluate and save for an analytical gel
(sample 4).
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Plasmid Mini

3. Harvest the bacterial cells by centrifugation ot 6000 x g for 15 min at 4°C.
® Ifyou wish o stop the protocol and continue later, freeze the cell pellets af—20°C.

4. Resuspend the bacterial pellet in 0.3 ml of Buffer P1.
Ensure that RNase A has been added to Buffer P1.
If LyseBlue reagent has been added to Buffer P1, vigorously shake the buffer botfle
before use fo ensure LyseBlue particles are completely resuspended. The bacteria
should be resuspended completely by vortexing or pipetting up and down until ne
cell clumps remain.

5. Add 0.3 ml of Buffer P2, mix thoroughly by vigorously inverting the sealed tube
4-6 times, and incubate at reom temperature (15-25°C) for 5 min.
Do not vortex, as this will result in shearing of genomic DNA. The lysate should
appear viscous. Do not allow the lysis reaction to proceed for more than 5 min. After
use, the botfle containing Buffer P2 should be closed immediately to avoid
acidification from CO, in the air
If LyseBlue has been added to Buffer P1, the cell suspension will tum blue after
addition of Buffer P2. Mixing should result in a homogeneously colored suspension.
If the suspension contains localized colorless regions or if brownish cell clumps are
still visible, confinue mixing the solution until @ homogeneously colored suspension
is achieved

6. Add 0.3 ml of chilled Buffer P3, mix immediately and th hly by vigorously
inverting 4-6 times, and incubate on ice for 5 min.
Precipitation is enhanced by using chilled Buffer P3 and incubating on ice. After
addition of Buffer P3, a fluffy white material forms and the lysate becomes less
viscous. The precipitated material confains genomic DNA, proteins, cell debris, and
KDS. The lysate should be mixed thoroughly o ensure even potassium dodecyl
sulphate precipitation. If the mixture still appears viscous, more mixing is required to
completely neuiralize the solution
If LyseBlue reagent has been used, the suspension should be mixed until all trace of
blue has g d the 1is colorless. A h colorless
indicates 'hcﬂ the SDS has been effectively precipitated.
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Precipitate DNA by adding 0.7 volumes (0.56 m| per 0.8 ml of elution volume] of
room-temperature imprnpnnol fo the eluted DNA. Mix and cenirifuge immediately
at=15,000x g rpm for 30 minin @ microcentrifuge. Curefullydemnnhe supermmm
All sclutions should be af reom temp to minimize salt precip
pellets have a glassy appearance and may be more dlfﬁcu\r fo see thn rhe Hulfy
saltcontaining pellets that result from ethanol precipitation. Marking the outside of
the tube before cenfrifugation allows the pellet to be easily located. Isopropancl
pellets are also more loosely attached to the side of the tube, and care should be
taken when removing the supernatant.
13. Wash DNA pellet with 1 ml of 70% ethanol and centrifuge at 15,000 x g for 10 min.
Carefully decant the superatant without disturbing the pellet.
The 70% ethanol removes precipitated salt and replaces isopropanol with the more
volatile ethanol, making the DNA easier fo redissolve.
14.  Air-dry the pellet for 5-10 min, and redissolve the DNA in a svitable volume of buffer
le.g., TE buffer, pH 8.0, or 10mM Tris-Cl, pH 8.5)
Redissolve the DNA pellet by rinsing the walls o recover the DNA. Pipetfing the DNA
up and down fo promete resuspension may cause shearing and should be avoided.
Overdrying the pellet will make the DNA difficult o redissolve. DNA dissolves best
under slightly alkaline conditions; it does not easily dissolve in acidic buffers.

Determination of yield

To determine the yield, DNA ion should be d ined by both UV

spedmphommelry at 260 nm and quantitative analysis on an agarose gel. For reliable
A i , Azeo readings should lie between 0.1 and 1.0.

Agarose gel analysis

‘We recommend remaving and saving dliquofs during the purification procedure
(samples 1-4). If the plasmid DNA is of low yield or quality, the samples can be
analyzed by agarose gel elecirophoresis to defermine the sioge of the purification
procedure where the problem occurred (see page 41).
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1.8.4 Plasmid maxi kit

Protocol: Plasmid or Cosmid DNA Purification using
QIAGEN Plasmid Midi and Maxi Kits

This peotocol is designed for preparation of up 1o 100 pg of high- or low-copy plasmid
or cosmid DNA using the GIAGEN Plasmid Midi K2, or up 1o 500 pg using the QIAGEN

Plosmid Maxi Kit. For oddifional protocols, such as for purification of very low-copy
plosmids or cosmids of less than 10 copies per cell, see poge 29 or visit
‘www.giogen.com/golo/ plasmidinko

Low<copy plosmids that have been omplified in the prasence of chioromphenicol should

be treated as high<opy plasmids when choosing the appropriate culture volume.
Toble 3. Maximum recommended culture volumes*
QIAGEN #ip 100 IAGEN-tip 500

High-copy plasmids 25mi 100 mi

Low-copy plosmids 100 mi 500 ml
-s«-.m&zw.vw -...-u,-u.-n.m.‘h%.o.-a.-anmgb
o—copy the axpucted yiakds are 300-500 g for high-copy plosmids
-4»00500.,0-5«:,,.*—&

important points before storfing

B New users ore advised 1o fomibiarize themselves with the detolled protocol provided
in this handbook. In oddiion, extensive bockground information is provided on our
plasmid resource page www.giogen com/goto/plasmidinko.

B I working with low<copy veciors, it moy be bensficial fo increase the lysis buffer
volumes 1o increase the efficiency of olkaline lysis, and thereby the DNA yield. In
case oddiional Buffers P1, P2, and P3 are neadad, their composiions are provided
in Appendix B: Composition of Buffers, on page 44. Allernctively, the buffers may
be purchased separately (see page 49).

B Opfional Remove somples of the indicated steps 1o monitor e procedure on on
analyfical gel [see poge 41).

B Blue (morked with o A) dencles values for GIAGENSp 100 using the GIAGEN
Plasmid Midi Kit; red [marked with o @) dencles volues for GIAGENp 500 using
the GIAGEN Plasmid Maxi Kit
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tube 4-6 fimes, and incubate ot room tempercture (15-25°C) for 5 min.

%unu&ﬂm‘mmdwwmbﬂw

oppeor viscous. Do not allow the lysis thon 5 min. Afler

mhumwnuhdﬂ—“’hm

acidiicaion from CO; in the air.

¥ LyssBlue hos been odded to Buffer P1, the cell suspension will fun blue offer
colored

stll visible, continee mixing the sohsion untlf o homogeneously colored suspension
is ochieved.

Add A 4 mlor ® 10 mi of chilled Buffer P3, mix immedictely and thoroughly by
vigorously inverfing 4-6 fimes, and incubate on ice for A 15 min or @ 20 min.
Precipiation is enhonced by wsing chilled Buffer P3 ond incuboting on ice. Aller
dhmdllhn a fuffy white moteriol forms ond the lysale becomes less
viscous. The mateniol contoins genomic DINA, proteins, cell debrts, and
precipiation. i the midure 38l oppeors viscous, more mixing is required to
completely neviralize the solufion.
llyu&'mwhbo-wnd.hmwbomdddmd
blue has gone ond the susp s colorless. A
muhmhh—hdypw
Centrifuge at 220,000 x g for 30 min ot 4°C. Rem P sning plasmid

mwumuwwu-—am Centrifugation
should be performed in nongloss tubes fe.g., polypropylens). Aler centrifugation
the supernaiont should be clear
Note: Insteod of centrifugation steps 7 and 8, the lysate con be efficiently deared by
fiation wing o GiAliter Kits or Corridges (see www .giogen.com/products/
pigumid/LorgaScolekity)
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Plasmid Midi ond
Maxi Kits

nw.....a.umm

Add the provided RNase A solution 1o Buffer P1 before use. Use 1 vial RNase A
fcontrifuge briefly before use) per bottle Buffer P1 for final concentration of 100 pg/ml.
anhmmdmbwwm'my
dissolve the SDS by warming to 37°C

Prochill Buffer P3 at 4°C,

Optional: Add the provided LyseBlue reagent to Buffer P1 and mix before use. Use
1 vial LyseBlue reagent per bottle Buffer P1 for a final dilstion of 1:1000 (e.g., 10yl
LysoBluo into 10 ml Buffer P1). LyseBlue provides visuol identification of optimum
buffer mixing thereby praventing the common handling errors that lead o inefficient
coll lysis and incomplete precipitation of SOS, geaomic DNA, ond cell debris. For
more details see “Using LyseBlue reagent” on page 14

Procedure

Pick a single colony from a freshly streaked selective plate and inoculate o starter
culture of 2-5 ml LB medium containing the appropriate selective antibiotic. Incubate
for approx. 8 h at 37°C with vigorous shaking (approx. 300 rpm).
Use a tube or flask with a volume of ot least 4 times the volume of the culture.
Dilute the starter culture 1/500 to 1/1000 into selective LB medium. For high-copy
inoculate A 25ml or ® 100 ml medium with A 25-50 pl or
® 100-200 pl of starter culture. For plasmids, inoculate A 100 ml or
® 500 ml medium with A 100-200 pl or @ 250-500 i of starter culture. Grow at
37°C for 1216 h with vigorous shaking (approx. 300 rpe).
Use o flask or vessel with o volume of af least 4 imes the volume of the culture. The
cubure should reach a cell density of approximately 3—4 x 10° cells per millliter,
thwmw.»ophmmndwmagm
medium

WhmﬂhMUMIgh 15 min at 4°C.
@ W you wish fo stop the protocel and continue later, freaze the cell pellets ot -20°C
Resuspend the bacterial pellet in & 4 ml or ® 10 ml Buffer P1.

For efficient lysis, it is important fo use o vessel that Is large encugh fo allow complete
mixing of the lysis buffers. Ensure that RNase A has been added to Buffer P1

If LyseBluo reagent hos been added 1o Buffer P1, vigorously shoke the buffer bottle
before use 1o ensure LyseBlue particles are completely resuspended. The bocteria
should be resuspended completely by vortaxing or pipetting up and down uniil no
cell clumps remain.

Add & 4 or® 10 ml Bulfer P2, mix thoroughly by vigorously inverting the sealed
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8. Centrifuge the supernatant ogoin ot 220,000 x g for 15 min ot 4°C. Remove

supernatant containing plasmid DNA promptly.
This second centrifugation step should be carmied out to avoid applying suspended
or particulote material 10 the QIAGEN#p. Suspended material fcousing the somple

1o appear turbid) con dog the QIAGEN#p and reduce or eliminate gravity ow.
Opfional: Remove 0 & 240 yl or @ 120 4l somple from the cleared lysate

supematant and save for on analytical gel (sample 1) 1o delermine whether growth
and lysis conditions were optimol.

9. Equilbrole o A QUGEN-fip 100 or ® QIAGEN ip 500 by applying & 4 mi or

@ 10 mi Buffer QBT, and allow the column to empty by gravity flow.
Flow of buffer will bagin outomatically by reduction in wrioce sension due %o the
presence of detergent in the equilibration buffer. Allow the GIAGENIp 1o drain
completely. GIAGEN-ips con be left unattended, since the flow of buffer will siop
whaen the meniscus reaches the upper frit in the column.

10. Apply the supernatant from step 8 to the QIAGEN-ip and allow it o enter the resin
by gravity flow.
The supsmatant should be looded onto the GIAGEN4ip prompsly. If i is left 100 long
and bocomes cloudy due 1o hurther precipitation of profein, it must be centrifuged
agoin or fiblered before loading 1o prevent clogging of the GIAGENHp.
Opional: Remove 0 & 240 i or @ 120 y somple from the owthrough ond sove
for an analytical gel somple 2) 1o determine the efficiency of DNA binding 1o the
GIAGEN resin

11, Wash the QIAGEN#ip with & 2 x 10 ml or @ 2 x 30 ml Buffer OC.
Allow Buffer GC 1o move through the GIAGENip by grovity flow. The first wash is

Optional: Remove o A 400 pl or @ 240  somple from the combined wash fractions
ond save for on anclyticol gel (somple 3)

12. Bute DNA with & 5 mlor @ 15 ml Bulfer OF.
Collect the eluate in @ 15 ml or 50 ml tube fnot supplied). Use of polycorbonate
contrifuge tubes is not recommendaed as polycarbonate is not resistont 1o the alcohol
wsed in subsequent steps.
Note: For constructs larger than 45-50 kb, preworming the elution bulfer 1o 65°C
may help 10 increase yleld
Optional. Remove o & 100 i or @ 40 i somple of the eluate and save for on
analytical gel [somple 4).

® Hy op the pr ;
poriods longer than ovemnight are not recommended

4'C Sioroge
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13. Precipitote DNA by odding & 2.5 ml or @ 10.5 ml (0.7 volumes) room temperahure
isopropanol 1o the eluted DNA. Mix and cenrifuge immediately of 215,000 x g for
30 min ot 4°C. Carefully decont the supernctont.
All solutions should be of room lemperature 10 minimize sol precipiiation, olthough
centrifugation Is camied out of 4°C Jo prevent overheating of the sample
Abernatively, disposoble conicol botiom centrifuge Nbes con be used for
centrifugation ot S000 x g for 0 min ot 4°C. lsopropanol pellets have o glassy
appearance and may be more dificult 10 soe than the fulfy, salicontaning pelets
that rewlt from ethanol precipitation. Morking the outide of the tube before
centrifugation aows the pediet 1> be more easily locoted Isoproponal pellets are oho
more looswly attoched 1o the side of the tube, and core should be token when
removing the supematont

14, Wash DNA pollet with & 2 ml or @ 5 ml of room-temperature 70% ethanol, and
contrifuge ot 215,000 x g for 10 min. Corefully decont the supernatont without
isturbing the pellet.
Alernatively, duposcble conicalboiom centrifuge tbes con be used for
cantrifugation ot S000 x g for 60 min of 4°C. The 70% ethanal removes precipiioted
30k and replkaces noprogxancl with the more volotile ethanol mabing the DINA easer
1o redissclve.

15, Air-dry the peliet for 5-10 min, and redissolve the DNA in o suitable voksme of buffer
{09, TE buller, pH 8.0, or 10 mM TrisCl, pH 8.5
Radissoive the DNA pelie by rinsing the wails 1o recover the DNA. especially i glass
tubes have been used. Pipetiing the DNA up and down 1o promoe resuspension may
couse shearing and should be avoided. Overdirying the pellet wil make the DNA
difficult 1o redissolve. DNA dissolves best under shightly alkoline conditions; it does
not easdy dissolve in ocidic bufers

Determination of yield
To determine the yield, DNA concentraion should be determined by both UV

spectrophotometry ot 260 nm and quontitative analysis on on ogarose gel. For reliable
spectrophotometric DNA quantification, A, readings should be between 0.1 and 1.0,

Agarose gel analysis

We recommend removing and saving aliquots during the purification procedure
{somples 1-4). If the plasmid DNA is of low yield or quolity, the somples con be
analyzed by ogorose gel electrophoresis o determine the stoge of the purification
procedure where the problem occurred (see page 41)
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1.8.5 Lympho grow

1. Nechte roztat potfebné mnozstvi LymphoGrow a vytemperujte na
pokojovou teplotu.

2. Sterilné pfeneste 0,5 ml heparinizované plné krve do zkumavky.

3. Zamichsjte a inkubujte kultury pfi 37°C v 5% CO2 atmosféfe v inkubatoru
48 az 72 hodin (zkumavky museji leZzet honzontalné).

. 1-2 h pred koncem inkubace pfidejte 0,1 ml Colcemidu (na finalni
koncentraci 0,1 pg/ml)

_ Centrifugujte (5 minut pfi 500 g)

- Wylijte témérF viechen supernatant (nechte jen par kapek na dné).

. Piidejte 5-10 ml KCI 0,075 M pfedehfaté na 37°C (pribézZné michejte)
_ 10 minut inkubujte pfi pokojové teploté

. Centrifuguyte (5 min pi 500 g)

10.Phdejte 5-8 ml fixativa (Cerstvé prepravene 3 dily methanolu a 1 dil
kyseliny octové)

11.Opakujte kroky 9 a 10 dvakrat.
12_Resuspendujte bunéény pelet v malém objemu Eerstvého fixativa

I

[1=R=-T S = ]

Pokud potfebujete uschovat bunéény pelet, doporutujeme zkumavku petlivé uzavrit
a zmrazit na —20°C .

Pro karyotypizaci postupujte dle svého osvédieného protokolu.

Pouze pro pouZiti v in vitro diagnostice

NENI uréeno pro humanni ani veterinarni terapeutické uéely. Pougziti jing, nez
doporuéené, mize byt v rozporu s mistnimi zakony.

Vyrobce: CytoGen GmbH, Bienenweg 28, D-35764 Sinn, Némecko

Bienenweg 28, D — 35764 Sinn, Germany
Tel. +49 - 2772 - 57 20 587

Fax +49— 2772 — 570 945

E-Mail: CytoGen@Eurobiz.de

Web: www.CytoGen.Info

Cely navod je ke k dispozici: http://www.pentagen.cz/files/download/cytogen/LymphoGrow_Navod.pdf
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