0 6 MAY 2005 42216 PATENT P-5148 Pi  METHOD AND DEVI CE FOR COLLECTI NG AND
STABI LI ZI NG A Bl OLOG CAL SAMPLE FI ELD OF THE | NVENTI ON [ 0001] The present
invention is directed to a nethod and device for collecting, stdyfsay 2005
transporting and stabilizing a biological sanple, and particularly a whole
bl ood sanple, directly froma patient. Mdre particularly, the invention
relates to evgeyaged fluid sanple containers having a stabilizipgraggttive
contained therein for stabilizing nucleic acids inmediately ons” L fjgfl on
of a biological sanple and for inhibiting ex vivo gene induction an
degradation, during storage. BACKGROUND OF THE | NVENTI ON [ 0002] Sanpl e

col l ection containers have been in common use for many. years for

coll ecting and storing blood and ot her body fluids or sanples. Typically,
the col |l ecti on cont ai n8ISTHOQD ARPSDBEVIGEaREOR GQLEECTIAG AYFIX resilient
stopper.- These gl ass or pl gst.i I fi e - bl ood col | ecti on.
[ 0003] Bl ood col |l ection tu§i§épiﬂﬂ§§|£§§pg‘é\ﬁgpéiﬁémi is evacuated to
draw a volune of blood into the tube. The tubes can have various additives,
such as et hyl enedi am netetraacetic acid (EDTA) contained therein for
preparing the blood sanple for a particular test. A conmpn additive is an
anti coagul ati on agent. Typically, the anticoagulation additive is a
buffered citrate or heparin in an aqueous solution. The aqueous citrate is
conbi ned wi t hgthg, quE%MQQI%N -2 blood sanple in a specified amount to
determ ne the coagul ant needed for conducting certain
tests. These {@00&es Tlan present invention is directed to a method and device for

collecting, storing, transporting and stabilizing a biological sample,

~ and particularly a whole blood sample, directly from a patient. More
particularly, the invention relates to evacuated {luid sample
containers haivling' a..stabiiizing additive contained therein for
'st'abilizinglnucleic acids immediatel_y on collection of a Ibi(jlog_ical

' sampie aﬁd for inhibiti_rlg ex vivo .gene_ induction and deg-radation‘

during storage.-

' BACKGROUND OF THE INVENTION

_ [0002]  Sample collec.ﬁoﬁ contaiﬁ_e-r‘s' ha\'ré‘ been in 'common use for - | -
\ _'mlaﬁyj'years'.fdr E:Olle(;t‘ing‘ and stori_ng blood and other body. ﬂui,ds'c_w_lf .
. samples. ijicélly, the collection containers are glass or plastic tubes
Havi-n-'g--a- res.'ilie.r-lt'_stloppt;,r... These glass or plaé’tié’ tubes are often usé& :
for blbod coliection. | _ _ _
[0__003] Bl_ood coli‘e__ctio_n tubes are available where the tube is
evacuated to.draw a volume 6f biood into the tube. “The tubes can .
haﬁ%e various z_ildditi_ves',"such :as ethjflenediamine._tctraacet'ic acid
[ED’I‘A) coﬁtaiﬁed therein for prepéring the biood sampie fdr a
particular test. A common additive is an anticoagulation agent.
| Typically, the antiéoagulation additive is a buffered citrate or heparin.

in an aqueocus solution. The aqueous citrate is combined with the



be used only for serological testing since the additives do not stabilize
the nucleic acids in the sanple. During shipnent, |abile RNA nolecules are
degraded enzymatically so that subsequent RNA separation and analysis is
difficult. Furthernore, nmechanical irritation or changes of pﬁﬁ@M%ﬁ?
conditions such as, for exanple, tenperature or disruption of cells during
bl ood collection and transport causes thg .induction of gene transcription
with the conconmitant ever- or underproduction of certain nmRNA speci es.

[ 0004] Conmon additives including anticoagulants to maintain the bl ood

sanple in an anticoagu| ated st at re used for performn vari ous
pr ocessi ng Stdped %ﬁd}glplfx%@%ﬂ,%ﬁ@f? RGN Bt Qeé&é“’c”;ﬁp%gwu%‘é% afn bl ood
sanpl es pri Oraﬂﬂc&%ﬂ%ﬁt%eﬁ%dtI?)r%%%%r@cttﬁl%!?@rtgliﬁqgsﬂsm'?he@i:ilavilc%%ré%r' An
exanple of this type of sanple tube contaithing an anticoagulent Is

di scl osed in It SseRajréptioNeerdpgital 1868nE GiSd the elddatives #1000 stiabikiacent
years, there has been an_increase in interest in the field of biological,
medi cal and phdr FEEBIogrE Isthefarpls. tHerSi@dpimnengdaeilsdiNdi ti es and

nucl ei c_aci dsob ained. £ 1o biok 001 Calo SAR €5t o PALLLEHL Bia T i bonuc ei c

acids can provi EeNnsSi vV ormation 0 genet’l rigin and

functional acgdpartyioef atfenredlibis (Ehdisfidulk Or@atthefmmRy, mhehuseeali n clini cal
practice to diagnose infections, detect the presence of cells expressing
oncogenes, detEitatippradgthangiser nbysicahsandsionpeuc ag.cdosexasgpledef ense

rechani Sts, . (NESHARE 62000l AGROSLI TR AR L o agBoeRy LOYeSTI 02t e

i nfl uence of drugs on gene n inve |ga?e si de and -

toxic effect su@hsgbblg@augétdtﬁ@in@ﬁ&ﬁbﬂicﬁ%etd&etrldhéctmﬁ)rpmm btigg mar ker of
“identity. [0006] nunber of nmethods exist for isolating RNA which entails

di sruption of CerorBEaNtHYert PhamxtarpgorAtipatel eratain skN&sRecieret hods 0 6
L
S " -blood sampie in an ariticoagulated state are used for performing '
varilous— processing sfeﬁs. For example, anticbagulants é.re typically
" used in bld_od samples p'rio_r to centrifﬁging to separate thc"blood into
- cell layéi:é.., An éxampie of this -ﬁype of Sample tube containing an
‘anticoagulant is disclosed in U.S. Patent No. 5,667,963 to-Smith et al.
~[0005]  In recent yea_rs,th@re has been an increase in interest in the )
field of biological, medical and phafr_riacolégi(_:al science in the study_yo'f :
- gene activities and nucleic acids obtained from biologiéal éampleS'.. in .
‘particular, ribonticleic acids cari provide extensive in‘fo_fmation of the
'genefic or'igin and functional gctivity of 'thé' cell. This .infolljmai.:io__n may -
be used in'(lzlinit;a.l practice to d_iagnoée. infecti.ons:, detect the presénCé
of cells expressing oncogenes, detect heredity disorders, monitor the
state of host defense mechanisms, investigate aﬁd'diag.nostic |
metabolic diseases, investiga.te.in'ﬂ'uence of 'dmgs on gené expression
in patients, investigate side and toxic effects of drugs, and to
determine the HLA type or other marker of identity.
[0006] A number of methods exist for isolating RNA which entails

 disruption of the cell and liberating RNA into solution. Other methods



which is solubilized along with the RNA. These processes art usually
performed in stepw se fashion rather than for simultaneously lysing cells,
sol ubi I'i zing RNA and inhibiting RNases. Sone nethods for Iysing cells and

i nhi biting RNases are known that use chaotropic salts of guani digy MAP 2005

[ 0007) A conmmonly used process for isolating RNA involves honogeni zing
cells in guanidiniumisothiocyanate, follgwed by the sequential addition of
sodi um acetates and phenol, and chlorofofrn/isoanyl alcohol. After
centrifugation, RNA is preci pitited fromthe upper layer by the addition of
al cohol . Ot her .methods include the addition of hot phenol to a cell
suspensi on, fERPbIRIPHRICCHPEIRBA 6?%’0@%@?F’6rﬁ1$9598]bYAﬁF@ﬁg%n%’H cationic

surfactants agRaused 19, kXBECSEISnA00 o LLDREA GofY IOPABTLG. Ffycn exampl e

of a nmethod for Tysing -cells an aneously preci p|t

~ftom sol uti onwhsclelisebnssitized RldhSwibatratRMNG. BhéSpldEskes Mz-t arshang. I n
this procesb, the RNA is nmade insoluble. A 2% soluti on of the surfact ant

benzyl di met hyperﬁormeséaz@eegﬁmlméwm@ﬁ Eher ﬁhent@g@ﬁmltwqqus@%wea and
other additi ve f @gqued t

del | h
centrifuged to 1% o ¢ aolfe i lllgglﬁulllllﬁesha g’lﬁ?egs 'S?llg Blélsl tet eins

resuspended llgrsﬁléléallls 2@t KB it ek NGy Ak B oL el 113¢ edabByrdiie saaddi ti on
of a salt. 091" A nethod for analyzing RNA isolated from bl ood uses

anmplificati onoihgltlhndbnmm udi ng pol ymerase chain reacti on to detect
oo BRI D Bra e A I T 1
RNA'is degradggfippisingasy rﬁgﬁéﬁlcﬁﬂ%ﬂl 1Rfthio a6 My Yfo2@wedtoy RHE! eases
care present in the blond in ficient quantiti és to destroy :
sequential addition of sodium acetates and phenol, and
chloroform /1scamyl-alcohol. After centrifucration, RNA is precipitated
from the upper layer by the addition of alcohol. Other methods- |
include the addition of hot phenol to a eell suspensron followed by
" alcohot prempltatmn
.[0008] Amomc .and cationic surfactants are used to 1yse cells and
- lrberate cytoplasmm RNA. An example of a method for lysing cells and-
simultaneously prec1p1tat1ng RNA and DNA from solution is. disclosed:
in U.8. Patent No. 5 ,010,183 to Macfarlane In thls process, the RNA
is made insoluble. A 2% solution of the surfactant benzyldlmethyl n-
hexadecylarnmonlum chloride together with 40% urea and other |
"addltwes are added toa cell suspensmn The suspensron is then
centr1fuged to recover a pellet of the 1nsoluble matenals The pellet is
resuspended in ethanol and the RNA and DNA are prec1p1tated by the
addition of a salt ‘ ) ' S
[0009] A method for analyzmg RNA isolated from b}ood 1ses
amplification methods including polymerase chain reaction to detect
sequences of RNA in minute amounts. One difficulty in analyzing
RNA is the separation of the RNA from the protein and the DNA in the
cell before the RNA is degraded by nucleases. RNase and other



unprotected RNA- Therefor(~~, it is desirable to use a nmethod of isolating
RNA fromcells in a manner to prevent hydrolysis of RNA by nucl eases.

[ 00101 The bl ood collection nmethods currently iri cornnmon use are able to
collect and retain the blood for analysis at a later time- The ¢ %Qﬁ@l@ n
device can include an anticoagul ant to prevent coagul ati on during r @E.
However, the nucleases present in the blood hydrolyze some RNA species
during storage and transport while nechanical irritation or changes in
physi cal conditions such as tenperature or disruption of cells during bl ood
col l ection cause?. i nduction of sonme RNA specjes. These preanal yti cal

sanpl e handl i BGCIFERBAS PESERE IRdhgndierd 1§y SYifisipRprlEaBATSS EriGTT BRNA
speci es and dai - of - ; i nmol ecul ar
i agnost ot ot e eBTATHIORER, (B kol R SR MR

i ncreased | evéddathgRARAI frotrheeisaim bem anricrhtoc prevgint eh ydrallyads oE RNA Dy
Accordingly, there is a continuing need in the industry for an i nproved
met hod and” coFIUsée3%h$- devi ce for bl ood and other biological'. sanples that

preserve the i hYO 4 criptiion.profil.e for nuclei id- sts.
SUMVARY OF TH@?mémflﬁﬁ%ﬁ%ﬁ%hﬁég%?%{e}h?&? AU VAL R WS@?’E@Q ?Ega.
net hod and dewite td @blie€OLhaGetAig) ErdbRRVIGBhNERIN &t aMBEEr Hafd.i Tukarly,
the invention is directed to a collection container and to a net hod of

col l ecting a cbllefegnciviennphanahuld aneitacedgulesittagriongnt keagalgdian with a
stabilizing additive.to block ex vivo gene induction. in.ihe.sanple, thereby
preserving th L}rﬁ?%i?&%re}gﬁag[g8?%%?7’0%%88?%85,6 SEP rﬁﬁ?ﬁgﬂ)ﬁléﬁﬂﬁﬂg] .
Accordingly, a&yRIrbiBkYsRaRealA Apebite dOYRIY §@Faks drl B@Eet ahilket hod and
‘device for collecting a biological sanple,” and particularly "“whole bl ood,
directly frommacghaaneal iiriiation pr ebenges on rhgsiasl tonditians seehisl i ze and

preserve RNA ngipner}ia ll.utel ch]Igd?srru%ltgocnkiopgeﬁgr_(]ieul’iilqglll)%cij r(]:oillgction causes
induction of some RNA species. These'pre'analyltical sample handling
factors result in under- or overprresenfatidn of mRNA speci_és and -
- eventual degradati’on‘o_f totai RNA as :de'ter'mined by mdleculaf |
| diagnostic testl methods. ‘In ad.dition,_ geneﬁ ‘in.duction can -result in
.i.ncrea's'ed- levels of RNA in the sample, which can give false results.
' _Accordin"gly, there i*_s;-a co_rltiriui'_rig need in the industry for an - E '
o imp'r_ovcd method andli:ollect'ion' deyiée_ for blood and other bir)_logical_‘ :
samples that pfeservé the in vivo transcription profile for nucleic acid- |

- based tests.

SUMMARY OF THE INVENTION

[0011]  The present invention is directed to a method and device _for
_collé_ctin_g a bio'l_o‘gical'sarlnple. More par:tic.ulariy,- the invention is
dir_ectéd to a collection container and to a method of collecting a
biological samplé and immediately contacting the sample with a
stabilizing additive to block ex vivo gene induction in the sample,

thereby preserving the in vivo transcription profie.



the sanple during storage. The stabilizing additive is present in an
effective anobunt to stabilize the nucleic acids, particularly RNA and
inhibit or block gene induction. [0013] One aspect of the invention is to
prepare a biological sanple that is stable at roomtenperature for extended
periods of time with little or no occurrence of gene induction. (6 MAY 2005
Accordingly, a nmethod is provided for producing a biological sanple that is
stable at room tenperature with little aorsno incidence of gene induction
during storage. [0014] A further aspect of the invention is to provide a
met hod and device for inhibting gene induction of nucleic acids in a

bi ol ogi cal I - |l ' | d.reti - tes,
00157 Anot henoBaaber ar e ekt Fan ST e R Ty AR RVEEH 2 e

for receiving methabhecdénge Fobrollogitahk Samyticahbrgld hend petitalagy is
pre-filled with a measured quantity of a gene induction blocking agent.
[0016] A furt Weholgspleed, diradiky fraveatpadicrntsin the poesaieeaong skveilizer to

stabilizing a hipl.ogical sanple, d particul arl l.e bl ood i diately
upon col | ecti os‘?iagl'lb% 3 pﬁgg%é]ﬁtR@g‘ l?ﬁfﬁl iqlg&g %1?/]8% N erne WﬂHﬁ%‘ﬁolﬁl when
the sanpl e is gkofg8pat dﬁ‘f"ﬁ{% LRk at st 0 A AddMvenerpaspgein @ the
invention is to provide a method Ffor stabilizing a biological sanple, and
particul arly whiscgivblaoduntitorsdbdizl fheuponlaolaceds,i partioudarly HRNHaehdnt to

inhibit or prevent. ge j nduction or degradation of nucleic acids when the
stabilized bl ng‘Tblég’r#FelQCl(ﬁeﬁeoﬂ%ﬁl%OQ'enper atures bel ow room t enperat ur e,

typically 0 6 Y 3000n2as5pd@ FOQH irfehtic? ifto beMPel-al beSlogidal aRhepTkor
archivnig the sanpl'es, for exanple, at tenperatures of -201Cto -80"C.
Frozen sanpl dhatdn shablchatvecbrat tenopenatenp éomexiemdest pé¢sodia vl trmefwibiucl ei ¢

181 Stjl |l anot her f the invention i r hod -
acids. 00181 i & ABLLEIrr 8B 6F gfhe HAGULRYE Aor dink ., B kS 3 ™! "o

provided for producing a biclogical sample that is stable at room
- temperature wifh little or no 'incidenc';e of gene induction ciuring
storage. : ' _ I, | _ -.
[0014] A further aspect of the invention is to provide a method and
device for inhibiting géﬁe i'nduct'ion of ﬁl-lcleip.'écids in a.'biological.
sainlﬁle and to lysé c.élls, bactér-ia, viruses a'nd féﬁéuioéytes.' :
- [0015]. Another aspect of the iﬁﬁent'ion_is to provide a collection |
 container for receiving and collecting a biological sample where the.
~ container is pre-filled with a measured quan;city of a gehe induc’tion :
blocking .a'gent. - o | : o |
| [001_6] - A .fur'ther_' aspect of the invention is to providé a method for :
.stabilizir.lg.a biological safnble, and'particuiarly whole 'blbbd,
immediately upon collection from the patient to inhibit or prevent gene
._irllduction when the saxln'plé.i's stored at room temperature. _ |
[0017] | A further aspef:'t of the invenﬁon is to provide a method for
'sfabilizing a biological sample, and particuiarly whole blood,
immediately upon collection from the patient to inhibit or prevent gene.
induction or degradation of nucleic acids when the stabilized blood

sample is stored at temperatures below room temperature, typically



for bl ocking ex vivo gene induction in a biological sanple imediately on
col l ection of the biological sanple. [0019] Another aspect of the invention
is to provide an evacuated container that is pre-filled with an effective
amount of a gene induction blocking agent, where the container hag My 7005
internal pressure sufficiently lowto draw a predeterm ned vol une of a

bi ol ogi cal sanple into the container. [00291 A further aspect of the
invention is to provide a blood «collection container for collecting an
anount of bl ood and mixing the blood with a gene induction blocking agent

at the point col | ect roduce i ol o at is stable at
room t enper at %f’fé tByab‘blr‘{agpgt Phé é‘élﬁ]éjelrﬂglﬂietsi %‘ﬁ%@ﬁ%h hag:t%hh‘ﬂﬁlgetﬁj@ aci d

anal ysis of t Sah,, g, 0%%% not her
aspect of theglgn e%gf)féﬁ I'S tg%o%g%@%tﬁgﬂéak a%@ %Etgglglol(gl n F@od by

col | ecting theahlsied caanpé ehhved SOrd@hN@inhardtnge for gaerlwtlmdiﬂemcﬂ@lcbl ocki ng
agent and a buffer. The gene induction agent. can be a detergent, a
chaotropi c salctds.RNase inhibitors, chelati ng agents, or m xtures thereof.

The pH of the Gigxt ! §gllr%%(ott§ngﬁgslpeﬁ %9%H8t1398%80nqg t?ég béloc

nucl ei ¢ acrd egradation S E R\ ICI recovery
of the anal yt gor b&2dAg A d;zbo?a%h@reﬁﬁﬁptn @fbibh@gltzﬁl\/%h[[ﬂéhmﬁnédla@él?V' de a
met hod of stabilizing a bloo le in a collection device at about pH 2
to about pH B ¢pli¢célq:n @ééh@@l@ibga?tallsé@spleone gene induction bl ocking

t. 1 Th h t b Ll
2tained by plOORElng ARIRT ATt o1 EFPERE o SOk s e e aaifibe The
apparat us i nclc@ﬁ@élrﬁ:rq%ttas e -EIRAP ki Eh RS Sff&dtdR ¥alduntobtbam wal |, and

an open end defining an intérnal chamber, and a closure closing the open
end- The cont ande.r:tlpnclblodbmetagtehswhomtlge@emtmth&manbnwmmg agent in
an effective amunt to i ol ogica chk or inhibit

b
ex vivo gene m&a%‘tlr%ﬁuwﬁ‘én@%ﬁ‘?‘é’i tr‘?e(grac‘g\ BE® etgrmmed B

" biological sample inte the container.
[0020] A further aspect of the invention is to provide al'oloodl
| Collee_tior'_l ooﬁtai_ner for Coileotjng an amount of blood and miﬁing the
blood Mtﬁ_e_gene induction blo'cki_ng a_genr at the p'oint of collection to
. produ'oe a biological sample that is stable at room tem-peratufe by -
preventing gene induction such that nucleic aCId analy51s of the s
' "ll'sample can be conducted at a later time. . I
| [0021] Another aspect of the invention zs’ to provide a method of
‘stabilizing blood by collecting the blood sa.mple ina contamer havmg a
gene 1nduct1on bIockmg agent and a buffer. The gene mductlon agent
can be a detergent a chaotropic salt RNase inhibitors, chelating .
agents, or mmtures thereof. The pH of the resultmg mixture is
' adjusted to 1nh1b1t or block the nuclelc acid degradatlon or gene
induction and promote efficient recovery of the analyte. '
[0022] Still another aspect of the invention is to proVide a method_of
stabilizing a blood sample in a collection device at about pH 2 to about

pH 5 in the presence of at least one 'gene induction blocking_agent.



filled wth the stabilizing agent. [00241 The aspects of the invention are
further attained by providing a nethod of preparing a roomtenperature
stabl e biological sanple conprising the steps of: providing a sanple
collection container having a side wall, and a bottom defining an internal
chanber where the container contains at |east one gene inducti of tWdcilhg
agent in an anount and concentration sufftcient to block ex vivo gene

i nducti on and preserve a biol ogical sanple, A biological sanple is obtained
and imedi ately introduced into the container and the biological sanple is

mxed with th induction bl ocking agent to, forma stabilized

bi ol ogi cal saﬁggéeﬁ[ 0'8}2%]33?%&3‘%‘3@& He A REES ﬁFt@“éﬁcLbyat tai ned by
provi ding a f i b i Zi; Hnhol or ot her

bi ol ogi cal s?ﬁﬁpgﬂn haeIP%L?Fﬁg%tdc}g%ﬁ%é%%% o%ﬁjd?%)g’%a sarrrgi)gil' ggﬁ? ection

cont ai ner haviapparasiisiénal@ldes sacbntdionr walbp@anthgpa dids wadl, rebbeom fsaihi ng an

internal chanber, The container is pre-filled with an eff?cti ve ampunt of.
an aqueous solaitd 8R WeRIFBRSALIHREAD A IfToRECEaEPe: ahBiqPSHITGCIR§EHE t o

aqueous so iREgin 2 9 { to
A whol e bl o0d ‘Saraire! el 1% EonBint 1KY AlRast RPN LA ot e 11

at nospheri c prigsskirg; agervhiel en bifeediveampbentitd weiskedd gtk Biglegichy shngiiea
patient in the collection container and the 6 MAY 2005 bl ood sanple is
m xed with theud Bhock oF Hghibdeat Uiy genmindyctbhe WS CENIHINGE Fagiahp Rae-

[ 00261 These: fﬁg&fg}i& tﬁgg@argiﬁgﬁ%%g?%pt her salient features of the

i nvention w || "becong apparen € annexed drawi ng and-the follow ng

detai | ed descriop@4qn Thetdipetty 6Nthe tnvERi&T APEICRHEH Al e dThiz PBAEIN
[ 00271 The foI[I owiqgg is a brief description of the draw ngs, F"’r? whi ch: g

[ 00281 Fi gur e AAMethgdcplgerepssing arngomiteiaparaiiios stabde biploglosé samplene

enbodi ment of the_jnventid on; ' i ) .
comiprising the steps of: providing a sample collection container

having a side wall, and a bottom defining an internal c'hamb.er where

~ the container contains at least 6ne- gene inductioﬁ blocking agent in
an amount and cbncéntratio_n sufficient to block ex vivo gene o |

'~ induction and preserve a biolqgiéai sample. A binbgiéal s_anl';-)le is o
obtéin.ed -aﬁd-immediafély introducéd into the container and the -
biological sample is mixed with the géne’_induction blocking agerit to
form a stabilized biolog_ibal"#ar’nple. L o o | |
[0025] The aspects of the invehtion are also attained by providing a
method of collecting and stabilizing a whole blood or othér biological
séniple; The niethod comﬁ'fises providing a samiple collection a

container having a side wail, a bottom wall and a closure member
forming an internal hh_amber‘. The container is pr_e—ﬁlled_.. with an .
effe’ctivé"éinount'of an aiqu‘éoué 'sqlution 61' .disper's_ioﬁ of a nucleic acid
Stabi'liziﬁg agent to stabilize and preserve nucleic éoids and/or the
transcriptional profile in a whole blood samplé. The internal chamber -
has pressure less than atmospheric pressure. A whole biood sample |

is collected directly from a patient in the collection container and the



100291 Figure 2 is a graph show ng the changes of the nRNA content of a
first blood donor, [0030] Figure 3 is a graph show ng the changes of the

m RNA content of a second bl ood donor; [0031] Figure 4 is a graph shomnng

t he changes of the nRNA content of a third bl ood donor; JOOBZE 5@@%@®

a graph show ng the changes of the nRNA. content of a fourth ﬁ nor ;
[0033] Figure 6 is a graph of the amobunntsgof certain interleukin and other
nMRNA species in whole blood over a five. day period of a blood sanple

wi thout a stabilizing reagent [00341 - Figure 7 is a graph show ng the

bl 000 sarpl e WERBSETEde BT Oy, HyenPgaSbReefnle [Sat s BRI} Ehote °

showi ng t he arm@kﬁtﬂ%ag{ leertain rrRNA species in whole blood over a five day
period stored at room tenperature with tetradecyltrinethyl-amoni um oxal ate
and tartaric [QOR&, BhesDasphss, zolo’antzﬁ@foeemdmt@@resaglanst faagirggroidhieni ng

the ch th |L- 8 and I L-10.in_th Le of Figure 8
2 11 o day perP bt UG TANLED BESGRTEON i FRUERRT CRPFO0S 71 e pr esent

I nvention Is Ctblﬁ@&h?%’d%t)atﬁed@%@&%ﬁﬂﬁ e Lo dftiorst abi i zing and preserving
a biological sanple to enable a determnation of in vivo gone transcript
nunmbers with greater accuracy. Mre particularly, the invention is directed
to a method an deyi ce for |nh|b|EJn or bl ocking gene induction in a

bi ol ogi cal sarpFEFERTHE CB PRIMEAREM M Bsport and storage. In preferred
enbodi ment s of ooh | PMENLIORind N o USMELR b iBiPh Btfthle! @deioRkalMhich:
containing an_anmount of a gene i-nduction bl ocking agent for adm xing with a
bi ol ogi cal sarfPP@8lmMmEdiaeel ys acrosklscticoral ghidt eew adpihe.coffieiner in one

embodiment of the invention;

[0029] Figure 2 is a graph showing the changes of the mRNA

content of a first blood donor; ' . |

[0030] Flgure 3 is a graph Showmg the changes of the mRNA

content of a'second blood donor;

[003 1] Figure 4 is a graph showmg the changes of the mRNA
._ content of a third blood donor, _

: [0032] Figure 5.is a graph showing the changes of the mRNA
content of a. fourth blood donor;’ ' T ' .
.[0033] F1g1.1re 6 is a-graph of the amounts of certain iriterleukin and

" other mRNA SpeC1es in whole blood over a five day period of a blood
sample W1thout a stabilizing reagent; . | _ '

.[0034] Figure 7 is a graph showing the changes in the amount of IL-
8 and IL-10 mRNA over a five day period of a blood sample without a
~ stabilizing agent; : S ' |

" [0035] Figure: 8 is'a graph showing the amounts of certain mRNA
Species in whole blood over a five day period stored at room = -
temperature with tetradecyltrimethyl-ammonium oxalate and tartaric

acid; and



anount of the gene induction blocking agent is preferably included in an
anpunt effective to mx wth and stabilize the biological sanple- The

bi ol ogi cal sanple is preferably collected directly froman aninmal, and
particularly a human patient. j06,381 The bi ol ogi cal sanple can be a body
fluid withdrawn froman aninal, and particularly a human patikhtAf 2H5one
enbodi ment, the biological fluid is whol e blood. Exanples of other

bi ol ogi cal sanples include cell-containing conmpositions such as red bl ood
cell concentrates, platelet concentrates, |eukocyte concentrates, tunor
cells bone naréﬁg aspirates, tissue, fine needle aspirates and ceryica
sanpl es. In ah 8 chsddembit @ 4R SRrBYiE P saRpessiie the gaayrflill; such

as plasma,  Seiigha ] 16.inGRel AR Pahul Hicler At BRYIHModThE bi of ogi cal

sanpl e can al so cteria an ucary m cr oor gani I'n an

enbodi nent, the biological sanple is selected~fromthe group consisting of
body fluids, tissues, body swabs and body snears. The gene induction

bl ocki ng agentPEFAILER DX PTION QK THE YL 05 suitable agent that is

bl e t0 i nhi birkeapf 6V - the. occ i
ot Lon dur 1003 VRAL Bk LREHER AN, DO BHRNE G AOhefol InPABARE for |

bi ol ogi cal sanphbilizitg Anaspeeddront s dvlogicdlsarppidticenablicoam t enper at ure
stabl e conposition that inhibits or prevents induced transcription of
nucl ei ¢ aci ds stesBRAalenHdn Wereye dednseipl BUMbo3oVithng®@écenbodi ment ,

the device 10 1&.f.Aovinisyd fh-ALaMig dic RLaRd AL S ALLeRLL ymliom ang

animal, and particularly a .S € Nnuclel ¢ aci ds

and bl ocki ng gi¥éce fdraimgabitphg on Hlovkdigadely irtdudtien pRiNbicbgical keatplen.
Referring to the figures, device 10 includes a container 12 defining a :
chamber 14. | luting coMgetivieitanspard g stprageodnapriderred ¢rgbadisenewot ube

naving o 5,95uhlchore ELORSS, DR LA BRDdaD apepylog ST 20
- . amount of a gene induction blocking agent for admixing with a ‘
bioldgiCal sé.mple immediately on collection of tﬁe sémple. The
o ambun_t of the geﬁe indu-ction'blocking agent is prefer‘ablf,r included in
| an aII_‘l.O'Llll'lt. effec,tivé to mix with a.a?nd stabilizga the Biological 'samplé- |
The biological sample is preferably collected directly from an animal,
and -particularly a huﬁlan pa.’;_ién_t. - S o _
~~ {0038] “The biological sample can be a body fluid withdrawn from ari
anilﬁal,_ and 'particularly a human p'atie.nt. In one'embodimen.t,- the
biological flid is whole blood. Examples of other biblog'icél samples
.i‘hclilde'cell—cciﬁtajxiing c'_c')mf)c')s'itions' such as red blood cell’
| conbentfate's, platelet c_oncenfrates, leukocyte concentrates, tumor
__'ce_;lls_-, bone marrc')w; as'pirates;_' tisSL_le_, fine needle aspirates and
celfific_al samples.. In another 'err_lbodime-n_t, the _Bio_logiéal _sai*riple is a
body fluid, .s'ﬁch- 'aé'plasma; .serum, urine, cerebral _spineil" fluid, and .
sputum. The biological sample can also be bacteria and eucaryotic _
microorganisms. In an embodiment, the biological sample is selected
from the group consisting of body fluids, tissues, body swabs and

body smears. The gene induction blocking agent of the invention is a



biologiical fluid. Aresilient closure 22 is positioned in open top end 20

to close. container. 12. Preferably, closure 22 forns a seal capabl e of
effectively closing container 12 and retaining a biological sanple in.
chanmber 14. A protective shield 23 overlies closure 22. [00401 Contai ner 12
can be made of glass, plastic or other suitable nmaterials. PMQ§MAWQNE

mat eri al s can be oxygen inperneable materkgls or contain an oxygen

i nperneabl e layer. Alternatively, container 12 can be nade of a water and
air pernmeable plastic material. Preferably, chanber 14 nmaintains a pressure
differential bet n at nospheric,  pressure and is at a pressure |ess than

at nospheri c pﬁeg\éﬁf%agq*ﬁé tg%? E53fileetq MRRANIEF YAt P8 TsdHEEHRE AV AFEFA

det er m ned { oLodi cal. - ‘ < e
et en 7 oy LA o 619 4035 gl 012 ol Aol .o

needl e 24 or agantgkabiiseknbamiblogidel ahpldAmsuedaaplebbfodssupiabloe
container 12 0 6 MAY 2005 and closure 22 are disclosed in U S. Patent No.
5, 860, 937 to CSAGHCE aWi@R eEpRIBEBYC SHEdeFsTaPeaitinn HereHENBESI T i ts

entirety. [ 00411, Cont gl el 13.1.8 DLSLS! APl 1mEe of 3 Liansparent meterial.

Exanpl es of s ranspar ent ernmop ic materia

pol ycar bonat ebiolbgic;@tsﬁyhﬁme, pol ypr opyl ene, pol yet hyl ene- terephthal ate.
Cont ai ner 12 has a_ suitabl e dinension selected according to the required

vol ume of thel®P3Pbgi apnsmmbedisaeng theoltdee dd 19 A daviceiodiavame 2

contai ner 12 bul ar. pe wth _an _axial .l ength.of. about 100-mm and a
di aneter of. a%@%‘?&f%met%lr%}&%ﬂm[%.ﬁ'f‘im@)f’o%ﬂgg%glq%.g%aaeﬁk%gr esilient.
materi al capablaRiedft foR®taAbRiZhH 8hamidlERS Ak sRas PlbEcidigf degleent i al | ess than
at nospheric and that can be pierced by a needle or other cannula to

introduce a, tmBpsegpdan isamptinteht ot tharwinepf ¢colleQivnafiefemangipdhe f or
cl osure i ncl icone - r.ubbel

but adi ene rubgﬁér%ré]él? ﬁff%i)éﬁel- F‘e%%lisllidlgﬁea 8886%?‘5‘&? g%ﬁ%l%ga la gﬁg}g et ﬁ_t‘ y{nen_e
' the embodiment illustrated, container 12'is a holiow tube having a
 side wali 16, a closed bottom end 18 and an open top end 20.
Container 12 is dimenéioned fbr collectihg a suitable volume of a
| 'biolbgical“.ﬂuid. A resilient closure 22 is posliﬁ'c:)néd in open tdp end 20 ,
-Ito- closé container.12. Prefel-'abljglf, closure 22 forms.a seal Capétbie-of -
effectively closing éo_ntainer '12 and retaining a biological sample-in
phdmbcr 14. A protective shield '.-2__3 "c:weﬂ‘ies closure 22. . . .
[0040] Container 12 caﬁ be made of glasé,’ plastic or other suitable =
‘materials. Plastic materials can be oxygen impermeable materials or
_éontain an 'oxyg'eﬁliﬁipenneable layer. 'Alternativ_ely,‘ container 12 can
" be made of a water and air perrﬁeable plastic material. Preferably, I-
chamb_er 14 maintains a pressure dif_fereritiél between 'atmosph_éric
pressure and is at a pressure less than atmospheric pressure. The
pressufe in Ch.amber 14 1s selected to draw a predet-elrmin_e'-d volume of
a biological sample into chamber 14. Typically, a biological sample is
drawn into chamber 14 by piercing closure 22 with a needle 24 or

cannula as known in the art. An example of a suitable container 12



pol ychl oroprene. [0043] Containef 12 also contains a gene induction bl ocking
agent. 26 for stabilizing the bl ood sanple. The gene induction bl ocking
agent 26 is preferably a liquid containing a stabilizing agent and is
included in an effective anbunt to mx with the biol ogical sagﬁ§@ fﬂﬁ
stabilize the nucleic acids and bl ock or inhibit gene inducti p ®
cells or nucleic acids contained therei.m;Ln one enbodi nent, the internal
pressure of container 12 and the volume of stabilizing additive 26 are

selected to provide the necessary concentration of the stabilizing agent
for the vol une

f the biglogical sanple collecte I e ferred
enbodi ment .t PRSI T o EeDar e o Fer oo < eeal b ot i aw
pr edet er mi ned : f i i : e into container
12 cont ai ni ngwgﬁ&g??ggﬁ@g% r(r)e?af)‘fq;l Sgnrg?elr%gg(%ﬁlﬂolﬁé‘lgpg% I'ng 0 6 MAY 7005
12 agent 26 f[@Q041ipbiCddrriangert be iwaprefierably thiheddbdicd hoghoabasanpinateitial.
alternative enbodi rren%)i, contai ner 12 can_ have %n i.nt er nal pr_ess%{e at
subst ant i al | yESBFHISD rSiLEtag?lestE%ﬂf*%PaliﬁPéf%‘ﬁéB} laggnrariarali 20F ey e-fi | | ed

with the gene_j j I i t u and packaged in
a ready to usgb%b&%ﬁb%ﬁ%&gﬁ%, ﬂe %a%ﬁiﬁ%%%lgg%t E?ﬁ%?ﬁ s'Sterile and
packaged i n st&ephehpReckadingraipeeilahss a §U04dlE dimensdoandsdeitaent

container 12 is nade of a plastic that is _ water and gas perneable. Water
| oss by evapoR&tPwhngftotthe waanred yehune shdhe hiplasighl sa8PFePABYbl e wal | of

the container cbﬁ&{t‘éﬁf ™ «5H§ ﬁf%@@fgﬁﬂeﬁﬁtéo%'%afi{er%g }%}tsfa?ithbéileﬁ%ﬁ%ﬁ%gﬁ‘id

decreases the préssure W € coftai ner. usron o

t hrough the wahlaxgibl tdigstht sthebdas 100emef leet aefiagdeneeas bout NS-wagusm i n the
.contai ner. The water and oxygen perneability properties of the container
are sel ected o"¥8intain the desired pressure differential within the

cont alner {or gl Seeiiee el lideo oL b A en g e Lo L
container -  maintaining an internal pressure differential less than atmospheric
| | anﬂ that can be pierced by a needle or other cannula to introduce Ia-
biological sample into container 12 Suitable materials for closure _
“include, floi"exe_:-mple, silieone .rubber, natufal'.rui:)ber, .S".cyren'e
butadiene rubber, ethylene-piopjdene cepolymere' and .
Ipokychloneprene;. | ) ' : _
[0@43]  Container 12 ‘also contains & 'gene induction blocking agent
26 for stabilizing the blood sample. The gene induction blocking agent” o
26 is preferably a liquid containing a stabilizing agent and is included
in an _effee'tive e.fhdunt to mix with the biological .sariiple and etabilize
the nucleic acids and block or inhibi‘_c gene induction of the cells or '_
'-n_L_lcleic acids contained there__in. In one embo.diment, the internal
| pressure of container 12 and th.e volume of Stabil_i?ing' additive 26 are
selected to provide the necessary Concenti"-atien of the stabilizing agent
~ for the velume of the biological sample collected. In one preferred
embodiiﬁent, the internal pressure of container 12 is selected to draw
a predetermined volume of about 2.5 ml of a biological sample into

container 12 eontaining an effective volume of gene induction blocking



has a shelf |ife of at |east about one year, and preferably |onger; [00451.
Gene induction bl ocking agent 261s a solid or an aqueous. solution or

di spersion of at |east one active stabilizing agent that is included in the
container as a pre-filled container. The solid gene induction agent can be.
a dry powder or particulate such as a spray dried or Iyophiliz€€gﬂ?%ﬁﬁial.
The solid gene induction agent can be a |oose particulate nate

contained in the container or a dry coatimg - on the inner surface of the
cont ai ner. 100461 Gene induction bl ocking agent 26 preferably contains at

| east one stabilizing agent in a concentration capable of stabilizing
nucleic acid i | e bl ood
sanpl e. Typ|%gfﬁtEegggéﬂ%ﬁgﬁﬁﬁégﬁggﬁﬂﬁﬁuggpgﬂgﬁhﬂggC%qEéﬁﬁggﬂggus sol ution
of a stabilizitegnageatenobodirxéntrse htsiradyi 12 zanghageansintdenlgirabshirei ng 0
6 MAY 2005 agents are preferably able to stabilize effectlvely DNA and RNA
i ncl udi ng rTRNﬁ stRRRan 4A RNA threse T PERTIHIE - weTgRtaR] EI\/WNS@AH@W@NA and cRNA
and are able [ | |caI
Al ¢ dari ngPLrer g6 20 1B0 kEbE BN BHERSIR e PRUAE b9 e B BLER BT g
agents for stahul pz&@@hch ar@wwﬂmgs@m@ﬂrﬁl CTy@iehls, andpackpsayventing gone
i nduction include cationic conpounds, detergents, chaotropic salts,

ri bonucl ease CARIBIEHHS St@ﬁ@l aﬂﬁr@f&%ﬁﬁslﬂ S@Ed@@&?&ﬁglwﬂaéﬁd m xt ures

t hereof. A sui r S |b|tor |s c i bi.tor
protein. Examg @ghif félngﬂg 588“8 Cont ég aggro%h@%ﬁyﬁq% l%
guani di ni um wm&hla@ﬁyg@@b@rme@m&n vaateltrtbhy ‘hi rafion 6OHBEIARlizing
di met hyl sul f oxi de, ethylene glycol and tetraf uoroacet ate. In other,

embodi nent s, eigengésheoughdbetpesmenfdatwal Oérﬁh@rcgmam@dmémsmﬂm .organi c

e e e TR B AR R B B B, o

al cohol s ar e vgenel ahd ¥ohoeleralmahalBusibxanmh:essof tIoi@dil thd edUCHNhagents
are selected fromthe group consisting of nercapto al cohols, di-thio-

. tube has the effect of decreasing the vacuum in the container. The
water and OXygen perm.eabﬂlty properties of the container are selected
to maintain the desired pressure differential within the c_oﬁfé_ziner for

 the desired shelf life of the container. The shelf life is optimized by
Bélancing the-oxygéﬁl'per‘meabili'ty with the water loss. The container
has a shelf life of at least about one year, and preferably longer

 [0045] . ‘Gene induction blockmg agent 26 is a solid or an aqueous _
solution or dispersion of at least oné active stablhzmg agent that is

" included in the container as & pre-filled container. The solid gene

' 'inductioﬁag_ent can be a'dfy powder or particulate such aé a,'siaray

" dried or lyophilized material. The solid géne induction agent' can be a
loose partlculate material contained in the conta.lner or a dry coatmg _'
on the mner surface of the container.

: [0046] Gene induction blockmg agent 26 preferably contains at least
one stabilizing agent in a concentration capable of stabilizing nucleic
acids in the biological sample, and particularly a whole blood sample.
Tyﬁically, gene induction blocking agent 26 is an agqueous solution of

a stabilizing agent or mixture of stabilizing agents. The stabilizing



threitol (DTT), and m xtures thereof. [00471 The stabilizing agent can al so.
i ncl ude anot her conponent for treating the biological sanple. For exanple,
chemi cal agents can be included to perneabilize or lyse cells in the

bi ol ogi cal sanmple. Preferably, the stabilizing agent |yses reticuloc h S,
bacteria, red blood cells and white blood cells. Oher corrponer@tﬁlelYan ﬁde
protei nases, phenol, phenol/chloroform mxtures, alcohols, aldchydes,

ket ones and organic acids. [0048] The detergents can be anionic
detergents’, cationic detergents or nonioni c detergents. The anionic

det ergent can for exa dj um sul f.at | detergents
can be, for ﬁﬁﬁﬁl%are éFﬁl}p@ﬁléf %Elo %l?g?dg élfFBHV%IMSN@t%“dm’ﬁ

et hoxyl at ed f@ﬁ&bﬁcﬁﬁg%ﬁl\@a NEKI 2093RNA, 18wRS b R cRlla PR, tzmhol s. A
preferred nonionic détergent is a polyoxyethylene sorbi n | aurate sold
under the trad&Nammd JNEEN120 sy Bilgra Hhelkriocahhdor: @mo@h@eneumjab:ltmn
detergent is .sodi u dodecyl sulfate The detergents arc included in an

effective anmdlrft DIYORFaE spRwl g elydng AT aRs at PRSI FRPETATEES | SHRATHPES! | es
and other conplg %F%alﬁ‘gsigpﬂﬁ?n%%geﬁw f n%ﬁ%tﬁﬂﬁl 25519({1 ﬁ%s@%@%‘l{c‘?&cm by

ot her nmechani sns n pr rred e stabifi~~Ing agent is

a cationic ccﬂm@slmdtj@wm@véhang%eaindtmtmﬂ anARIF2RARA X, cohipoahdsYy i S
nitrogen or phosphorous; R, R3, and R4 are |ndependently branched or

non- branched &a¢yTgeres; ctr,aetrepg,q salip, ghenovleasn Wbitgrs. shelpdingagsirgsni ¢ or
d |
0 gan 0 a0 WaPoSAE ARG ARy e e by A0 BB riiapgneent v o

can be an ani Qﬂhﬂf)lt@fllsl Phicganh CRA & ﬁﬂﬁbtt@ﬁ proeinwhEx&m¥bles of bhabimgic
chlorine, bromne or iodine, with chlorine and_ brom ne being preferred. The
ani on can. al g:@l@emql@dgm@ﬁ, dirmaldshyde, guanidinium isothiocyanate,

guanidinium hydrochlonde formamlde d1methyl<;ulfox1de ethylene
glycol and tetrafluoroacetate. 'In other embochments the gene
induction agent is an orgamc solvent or an orgaruc reducmg agent
Examples of suitable organic solvents are selected from the group
consisting of phenol chloroform acetone and alcohols. The alcohols
"are generally lower aleohols Examples of organic reducmg agents are
selected- from the group consisting of mercapto alcohols, di-thio-
threitol (DTT], and mixtures thereof. | L o _
. [0047] The Stablhzmg agent can also mclude another component for
'treatmg the b1ologlcal sam‘ple For example chem1cal agents can be
- included to penneab111ze or lyse cells in the b1olog1<:a1 sample
Preferably, the stab111z1ng agent lyses ret1culocytes bacteria, red blood
.cells and white blood cells. Other components include protema_ses_,
phenol, plt_etiol /chloroform mixtures, alcohols, aldehycle_s, ketones and
organic acids. | | | o
[0048] The detergents can be anionic detergents, cationic detergents
or nonionic detergents. The anionic detergent can be, for example,
sodium dodecyl sulfate. Nonionic detergents can be, for example,

ethyletie oxide condensation products, such as ethoxylated fatty acid



di- or tricarboxylic acid. Typically, the anion of the cationic conpound is
sel ected fromthe group consisting of -phosphate, sulfate, formate,

acetate, propionate, oxal ate, nmalonate; succinate, citrate, brom de and
chloride.: [0051] Wien R, R2, R3, and R4 are aryl groups, the aryl

i ndependently can be, for exanple, phenyl, |ower aIkyI-substitut &5M§%ﬁ@£I
and/ or hal ogenated benzyl. In one enbodimgat. R, is a C2, C 4, or C 6 aIkyI
and R2 R3, and R4 are nethyl groups. In a preferred enbodinent, Yis
nitrogen and the stabilizing agent is a quaternary amine. Suitable

gquaternary amnes in | kyl trj a nium where the al kyl group has
1 T or” 16 CarTone PEY el BpLETS.k NFE CE G felereent s a
tetradecyl tri iy é%H'SH%’HeU DeEtDs81dAN 2P Ihe trdPe pUlhabl e
quat er nary amr}‘:!?i)tegI )ityncl ude a @%ﬁ‘ﬁ%? ammﬁigum wher e et ﬁe aﬁkyl group

includes 12, TAVEHEN @0 B8 SiamizoGheniital élogeinﬁoﬁtérysuﬂiebleradzﬂeegmr Bave R |,

R2, R 1, and R4 with 20 carbon ataons Ccl)r f ewer, r{g roupf havi ng m)re
than 20 car borsCstersdedecautptsi dine tsrg%isu%iqi U ﬁe IRED CIRCEBE ut i on.

Exanpl es of a S.
Patent No. 5. 7980835 DT RRAr XIS AP BE PRI 81 R aekashted Aol
reference in idtheenbiisiexes wWitl3RE duclpiced @tiseth @ pProthorRIVA 01d /tdrem\iwenti on

the stabilizing agent is a cationic: conpound and includes a proton donor
in an anmpount '&f PEEL WPECh8NEIAEBI | i ze nucleic acids. It has been found that

the addi ti on iahaybr g AT chobddiR, SAK 90k G SBIBANDIS ROEY Sa5eR, ihe

.ability of the catironic corrpoung € nuc ¢ "acl

bi ol ogi cal sanrpotxdnpdEs gahesedriabl opnaloN RIRIRIE, XNeihedein Y is
.:monocar boxyl i ¢ acids, dicarboxylic acids, tricarboxylic acids, aliphatic
ket odi car boxy|igragender p&ﬁﬁﬁboa@wsl?l,rﬁné%saian&icRd@ana lppsade@dy t her eof . | n -

ooy o Pt B A0 AL 5 L1 0P O MBSO 09
' 18 an-organic or inorganic anion. In one embochment Ri, Ra, R, and
~ R.are mdependently a C3~C20 branched alkyl or a C1-C2o non- '
branched alkyl _ N
[0050] The amon can be an anlon of an morgamo acid such as HX
MmmeﬂmmmrmmmwbmmmmrmmmammpMMmmmd
. brorm_ne being preferred. The anion can. also be the anion of a mono—',
 di- or tricarbc}tylic acid. "’I"ypit-:aliy',. the. arﬁoﬁ of the cationic compound .
~ is selected from the group consisting of. phosphate, sulfate formate;
_ 'acetate pr0p10nate oxalate, malonate succmate c1trate bromlde and
chloride. | L o o
[0051] When Ry, Rs, Rs, and R, é_u_'e aryl groups, the aryl groups
independently can be, for example_', phényl, lower ail_{yl—substituted
. benzyl, and/or halog,er_iated benzyl. In o_ﬁe' ‘e'mb;idimen-t R, is _a'C'lg,'
Cia, OF Cie alkyl and R, Ri, and R4 ai'e'methyl groups. In a. preferred
embodiment, Y is nitrogen and the stabilizing agent is a quaternéry '
amine. Suitable quaternary amines include alkyltrimethylamm_onium
where the alkyl group has 12, 14 or 16 carbons. One preferred

cationic compound is tetradecyltrimethyl ammonium oxalate. Other



nonocar boxylic acids, aliphatic C2-C6 dicarboxylic acids,.tricarboxylic

aci ds, hydroxy-no nocarbo>iylic acids, hydroxy-dicarboxylic acids,

hydr oxy-tri carboxylic acids, aliphatic keto-nonocarboxylic acids, aliphatic
ket o- di carboxyl i c acids, ami no acids, and m xtures thereof. EB§rigllfeysof

sui tabl e aliphatic carboxylic acids includeG -C6 al kyl carboxylic acids,
such as acetic acid, propionic acid, n-butanoic acid, n-pentanoic acid,

i sopentanbic acid, 2-nethyl butanoic acid, 2,2 . dimethyl propionic acid,

n- hexanoi c aci d, n octanoi ¢ acid, n-decanoic acid, and dodecanoic acid.

Exanpl es of al ke ~Garhox lic acids. inclu aci net hagr I iC

aci d, butenoi csué %85%%’%?8“38?&“% %%ﬁ Iégltl? 1 I%Tamﬁn% €2005 -
16 [00531 The tﬂb%k??éb’chhﬁ A6 fesofo t he PpAIons @anphnkn 100 gefBRAMI MENt are
sel ected fromthe grolp consisting of oxatic acid, malonic acid, ‘succinic

-aci d, gl utari clegiableddipive: Radid Rapdne Rt W1§'$ 20t trerEotf Atdbaarmpl fesveof as
hydroxyl cont ai acids include t rta and malic d. Suitable
am no acids ar %Qg@fﬂ%‘?ﬂ YO f‘?féregt%@d’b c(i?ﬁ' ?t?“i?é“%fcaljll 9%%1]1 ICULE thj ne,
val i ne, | euci I [ dg e 1kr ic acids
of the prot onn%lﬁgf&ga%%é&ggla@ctag{w o%xﬁhﬁﬁgrggﬁpsug%ﬁghqf%pgféﬁl tric

acid and iso- cam[mcc: sacfad:talhﬂﬂéﬁe] disudospdhnt UL & @htgemﬁm boli28 8% b ocki ng

agent 26 in cont 12 i de er ned by ter vol.une of contai ner
12, the int erMéF %-u‘i’"@l O}WPBFattelﬁjlegﬁlrﬁ %SPE%IméWE‘rW&m

in_to t he cont[gpy;{lout p%gerké&'é%ﬁé&ﬁ%ﬂ?&b&dﬂ%{ﬁvegg %’Ea&?xgh‘?%as an

axial. length ram and di anet er -mm an :
internal pressagenttie acativaidcoinggiaal andniplcbudés at;mmttoﬁ.cﬂ:—nﬂr. in &habilizing

additive. 26 typi caIIy contai ns about 50 ng to about 90 ng _per m of the
carrier |iqui BIOPHES tesitiasitiye t@eﬁé‘bil%BFF@ﬁc Beytki thﬁﬁgﬁﬁn fondsthat Hfueous

medi um cont ar %ﬂ@%ﬁ?@o@f ?Sgo’c&?/do'ﬂortt% GROW 8P I8 %nd%nﬁcq@ééesofﬁé erably

about 70 ngy/
: : ~ ability of the cationic compounds to stabilize the nucleic acids i in the

biological sample Examples of suitable proton donors 1nclude
-monocarboxyhc acids, dicarboxylic acids, tr1carboxyhc ac:1ds ahphauc
' ketodlcarboxyhc amds amino acids, mmeral acids and mlxtures _
thereof. In’ one embochment the profon donor is selected from the
group. consisting of alkenyl.carboxylic acids, C1-Ce al1phat1<:
monocarboxyhc acids, aliphatic Ca- Ce. dlcarboxyhc acids, tr1carb0xy11c'
| -acids; hydroxy- monocarboxyhc acids, hydroxy- d1carboxy11c acids,
hydroxy—trlcarboxyhc acids, allphatlc keto- monocarboxyhc ac1ds
ahphatlc keto- dlcarboxyhc acids, amino ac1ds and mlxtures thereof.
'Examples of suitable ahphatic carboxyhc acids 1nclude C1-Cs alkyl
~ carboxylic acids, such as acetic acid, propionic acid, n-butanoic acid,
n-pentanoic acid, isopentanoic _aCid;' 2'—rﬁe_t11y1butanoic'acid', 2,2
'dim'e.thylpropionic acid, n—hexanoic’ acid, n-octanoic acid, n-decanoic
acid, and dodecanoic acid. Examples of alkenyl carboxylic acids
include acrylic acid, methacrylic acid, butenoic acid, isobutenoic acid

- and mixtures thereof.



stabilizing additive 26 in container 12 is about 6 to 8 ml, and preferably
about 7 m, [0055] In one preferred enbodi nent, gene induction bl ocking
agent 26 includes about 70 ng/ int of a nucleic: acid stabilizing agent
able to block or inhibit ex vivo gene induction and is mixed G6tNAYWtH e
blood drawn directly froma patient. The blood is mxed with the liquid in
a ratio of about -1-.2 to about 1:3.5, phigferably about 1:2.5 to about 1-~3.
1, and nost preferably about 1:2.7 to about 1:2.8 by volune. [0056] The
concentration of the stabilizing agent is sufficient to stabilize the

I d hi_bi.t duct I tf d
emboai ment , t MOBPbI ogi e areL R IR ol B TRGIT 6 B WY F05 17 The

concentrat i oneatbctdtalattaaié sabe&caﬁ%m tAb@hup ddidswhkh 008 484, about 45
my/ Ml to about 55 ng/m of the mxture, preferably about 50 ng/mfo about

53 ng/mM, and m@iioencpiaefdarsamcynazb@uﬁ @utaﬂmtaf:tdn acapuuacwangmﬁxtu[re%?l The
nmet hod of the jnvention is y obtaining a . i C Ie and
nt roduci ng KBS firﬁ% e e S SRR S e e

bl ocki ng agent,,d p,N{EL &L ed if%EQQﬁhﬁEBhinHE%uQH%h&QkBQ&oﬁf%ﬁé rd&ppfepafed
and i medi atel’y ~ introduced difect y 1nto the collection contarner.

preferred entodsiegspf theihe ohlagine) valanp| levicsnay mhde&wmei agoth mhsettna‘si ent

directly into the col]ection container wthout any terveni ng process
handl i ng st ep§]t”§63ctfhaﬁlt he pacashppdicRcids afit Eﬁ R0H ‘i’rn%?:the I?‘“Hieélcki ng

agent i medi atpely, 40 ﬁirff?eaﬁasmgtbioatn Ui PRldopsieoguposi tion: 1t has

been found that Co ogl ca sanpl e rectly fromthe patient,

such as when ¢0054¢t|’ngeathﬁli@dﬁigmthnscamm@m Hodking agetc2@dnt he sanpl e
directly in to the container contajni ng t.he stabilizing agent substanti ally
P

prevents or r&8uERIarREL Is gekamineshBY hp tngs e yolpecietermpieanes 41, shet he

nucleic. aci dsinté}"?ltal pressure and the volume of the biologmal sample drawn mto
the container. In the illustrated embodtment container 12 has an
axial lertgth of about 100-mm and a diameter of about 16-mm and o
has an internal pressure to draw a b1010g1ca1 sample of about 2.5- ml
' 'Stabﬂlzmg add1t1ve 26 typlcally contains about 50 mg to about 90 g
per., ml of the carrier llquld Preferably, gene induction blockmg agent.
26 1s an aqueous medium contammg about 60- mg/ml to about 80.

. mg/ml, and most preferably about. 70 'mg/ ml The volume of
stabilizing add1t1ve 26 in container 12 is about 6 to-8 ml;, and
'preferably about 7 ml, o
[0055] In one preferred embodlment gene induction blockmg agent
26 includes about 70 mg/ ml of a nucleic acid stabﬂlzmg agent able to
block or inhibit ex vivo gene induction and is mixed with whole blood
drawn dlrectly from a patlent The blood is mixed with- the liquid i 1n a
ratio of about 1:2 to about 1:3.5, preferably about 1:2.5 to-about
1:3.1, and most preferably about 1:2.7 to about 1:2.8 by volume.
[0d56] The concentration of the stabilizing agent is sufficient to
stabilize the n'Ltcleic acids and block or inhibit ex vivo gene induction.

In one preferred embodimeﬁt, the biological sample is whole blood.



ot herw se occur when the sanple is stored before conbining wth the
stabilizing agent. It has been found that conbining the biological sanple
wi th the gene induction blocking agent i mrediately upon collection or
preparation of the biological sanple reduces or prevents ex Viﬂ‘ﬁ%tgfem@i

i nduction during storage of the biological sanple. [0058] The cati oni
conpounds are .preferred stabilizing agents7 -The cationi c conpounds produce a
stabilized whol e bl ood sanple that can be transported at anbi ent
tenperature or below room tenperature to a |aboratory where the nucleic

id be isal - Iel d : : le
can al so bo. Sir SR PR AR f Y R A e N B bR AT 6 vy

2005 tonpci - abuie,45 het/ mxedpbeut &S alguhl 3f €hé enshatd, Sreferabe a3iahi | i zed
whol e bl oocl sanple can also be stored under conditions where it is frozen.

For longer st&Cagw/andtapbhiyiodgngy/mel, savp ey ccpiefees Wy sveintar 1 magoud to20' C.
For | ater nuclaﬁi C tasgéed i/soh]ati on, the sanple can be thawed and further
processed. It Ss''bEeR §/dUnd that the stabilizi ng agents allow reliable

freezing of bligog73amphesnéiod 8t &ic R%dtﬁﬂi@éit;)@efornﬁicpbsagjtﬁ_alniﬁg@l es, and
particul arly bl ood sanpl es when frozen w thout the stabilizing agents,

exhi bi t nucl eitdolngiehl sadnpler and ahaodpciRishd sgraght irge Wer¢ngather t hawi ng
process. In other enbodinents,. the.biological sanples c be stored at
Bhout 0 C to BGiRTIBg e G ingh gt By HE AR OrePlaeaBouT 70 C
[00591 It has heehdfeen IabidlBsicheSaMBII¥ iéﬁﬁe?h%’dl lingpdrh B QA elpucl ei ¢

acids in the biological sanple is dependent on the pH of the biological
sanpl e and st abitddziaeg digeotly ifTtretipHcolletthen mesdhinarg Imprefaredcan range

more pref er anignaBdERes Shedsigtuli S mnly i Hathdrely R PR UERE act ds 1 n
this range w ldi ¥ty i fePeRIENGE Qb1 Rentfdhel egticalit 8aRh8erdhéng 3irbeof the
amount of the biological sanple to the anmount of the stabilizrng agent, .and
“the particul arorstabdlingistgps so that the sample mixes with the gene induction '
‘ blocking agent immedia-teiy to prevent or inhibit nuqlei.(':l acid :
de'cIOm_.positior.i} It has been found that collecting _tl-le biological sample’
:'c-Iirectly from the patieﬁt, such as _when_'collectin‘g a whole blood
.Isamp_.l._e, and in1:-r('3-d_u.clilr,1g‘ the Sa'fnplé directly into the Cc-)I'ltain_er
containing the stabilizing agent substantially prevents or rcd_'uces,thé_' -
:gené,_tran'sér‘iption and tl'_i'e decbmposiﬁon of the nucleic acids that
_otlhet“wis,e. occur .Wh.en the samfale is 'Storea before combini,ng_With thé'
stabilizing agent. It has been found that combining the biological
- sample with the gene-incllucti'on blocking agent immédiat@:ly upon
collection or prepar'al-tion- of the biological sample reduces 61‘ prevénts
ex vivo gene induction during stor._age of the biological sam.Ple.__-.
' [0058]-_ ‘The cationic compoun'd_'s are.pref_e'rred' stabilizing agenfts_'.
The cationic 'Icompoﬁnds. produce a stabilized whole blood sample that
can be transported at ambient temperature or below room
tempefature to a laboratory where the nucleic acids can be isolated
from the sample. The stabilized whole blood sample can also be

~stored and transported at a temperature lower than room



agent used. The shelf |life of the stabilized nucleic acids in this pH can
range from about 24 hours to several days at roomtenperature. The shelf
life of the stabilized nucleic acids in the pH range can be up Hg Nﬁﬁ? al
weeks in a refrigerator at about 20C to about 8 C. The stabiliz % icC:
acids can be archived frozen at -20'C or at |ower tenperatures, for
exanple, -70*Cto -SO C. [00601 The pH of {ghe resulting m xture will vary
depending on the biological sanple being stabilized. In one enbodi nent of
the invention, the biological sanple is whole blood and the m xture of the

whol bl d dth tabilizi t o i t t b 2 about 0 6

NAY 005 Lo eI ot aF EXagiae: 81 AbPHE el b B OBty bni L6 shpekiras

adj usted to abQut. t@,‘d a §:&n§)?é)l:’£ p%st? b%rseco%@qrﬁi&t Abkes &JEEP@[taitsure for
£ 28 out -8 Week &

several days or a to a or severa eks or can archi ved

frozen at tenjesainir €srddbng@Ostorape beldoanchibind)ashcheenplaucan Hehstoredtatmim
l ong term stabilization of nucleic acids in the inixture of whole blood and
the stabilizi pageO s Bbt dditedraglerbatic ippledion tdic appile prnde 1. [ 0061]

The stabilizi | ut i in th | | ecti devi ' f d.

enbodi ment has AR GSpET et pFOP Ao 3.6 D dBoLiOSnE B Br & APBEHMBgi cal
sanpl e i s addeterAtAlow rBhORR F88RNE dfbladdedrhPiest fog 188 RRAI @B]AfH ce and
m xed with the stabilizing solution, the resulting m xture has a PH of

about 3.9 to dbolegigal samples, pnédferticuladyimddedesarmpieievbeonIfeettnon devi ce
i ncl ud t of tabi Li zi t. h t hat i xed with whol
bl ood 1 n a bl GB1PPE ShERPIAIBE et PPy BRclmonei ApceP R ialaty 11 9.1
by vol ume, therKAsEIriaGtidH Y NaStBaFifs ftodhut 1B othdCedPRdindntd, N

ot her biological sanples, the PH s adjusted appropriately to stabilize the
m xture. For thcabjplegical shaplbeeanfinuatbretadt ®bcat $o€ito adedlit A Yyrasl are

st abilized Fi tprl?el?elflaglg aatba%]e[utPOH"Cs’to%%%u%r—%foec’&?bl y at about PH. 6 te
[0059] It has been found that the recovery and S‘eabiliz_atiOIi of
hﬁeleic acids in the biological sample is dependent_‘on the pH of Ithe |
biological sample aﬁd s’tébilizi_ﬁg agent;_ The pH of the resulting | |
mixture can range._- frofn about pH 2 to about pH 12, preferab_ly about
- pH 2 te abouf pH 10, and more preferably about pH'3 fo abeut pH 8. |
‘The life of the nucléic acids in this rahge will vary Idependi_‘ng on ‘_th_e
. bieiegical-safnlple,'the--ratio of fhe'-amouh’c. of the b{elo‘gical 'ea_mple to. -
the amount of the stabilizing agent, and the Iﬁar.ticula.-r stabilizing
'age‘nt used. _.T_he eﬁelf .life.of the stabilized nucleic aci'c.ls‘i'_n this pH can’
range from about 24 hours to several days at room temiperature. The -
shelf life of the stabilized nucleic aeids in the pH range can be up to
eeveral weeks in a, refrigerat_or at about 2°C.te about 8°C. -The _
st’abilized ﬁucleic acids can be erchiQed -fre-ze_n at —QOSC.or at lower a
ternpefatures, for eIXample,'—TO"C to —'80°C. - - -
[0060] The pH of the fesulting mixture will very depending on the
biological sample being stabilized. In one embodiment of the
invention, the biological sample is whole blood and the mixture of the

whole blood and the stabilizing agent is adjust to about pH 2 to about



about PH 8. 100621 The PH of the m xture of the biological sanple and.
stabilizing agent can be adjusted by the addition of a suitable buffer. An
exanple of a buffer that has been found to be effective in adjusting the pH
“of the biological sanple is tartaric acid. Cther buffers and PH OfulMlls?llhg
agents as known in the art can al so be used. The pH of the buffer can be
adjusted to the desired range by the additbon of sodium hydroxide. [0063]
The nucleic acids, either DNA or RNA can be separated from the stabilized

bi ol ogi cal sanple using various processes as known in 0 6 MAY 2005 -20 the

art. 1% has begp of ounddibal De S ADLL LA NG-ROSNL S 6AN, B seRRLal.ad, Trom

the nucleic a urin i'cation protocol or me

| aboratory t o afceltthH e t@ubilitgH mugtesee iad, arthBQ64] teGabértge ¢enpounds
cause |lysis of the cells and virus in the sanple and cause precipitation of
t he nucl ei ¢ asiedsralriaysconpk @XCwiat both8°¢ depeanaral Thesksr eccpitlat ed nucleic -

acids can be extracted from the conpl ex by henol extraction or. by a
f or mani de buf f&F a\ge%ﬂaw atiepHeerafrey %P 2qG Pﬁaeh%%éa%??ea Feand

det ergent can g, gkl 260 LI daARRANAL S hiRIAeMRIEX irggﬂe HHRNE LD

i nsol ubl e nuclerc conpound can beée solubrlized treating the
conpl ex with avleelecielobriaded thelsthbiizing abehhisisbehined deabouopher ditgh sal t
solutions as, for example, guanichnium isothiocyanate or guani di ni um
hydr ochl ori de.2bHepHifetlhods of isol ating and purifying nucieic acids are

6 sl osed 1 Uobeget a0t MBSl o REA Bl ol AL, oL
| N HUMAN BLOORre@%6dl cthbsdaxanphesdamepsinial pH dhebelif 808 o aboihies.gat i o of
the blood, to stabilizing agent and the concentration of the stabilizing
agent . before a biological sample is added. After a blood sample is added to.
the collection device and mixed with the stabilizing solution, the
.res_ﬁlting milxlture has a pH of about 3.9 tb about 4.1. In a preferred
embodiment, the colleétion deviéé includels an axﬁount of a stabilizing
égent Suph that when mﬁ(ed with whole blood in a blood to'stébilizing
agént_ ratio of about 1:2.5 to about 1:3.1 by v-r._>1ume, thé resulting-.' '
- mixture has a pH of about 3.9 to about 4.1. In other biological
- samples, the pH is adjiisted appropriately to stabilize the mixture.
I_Eor'- égamﬁlle', it has been 'fouhd-"tha-tt-eqcajyotic cell cultures are-
| stabilized at pH 4.to about pH 8, and prelferably'-at aboﬁt-p!—l- 6 to
" about pH 8. T ' S | | _
[0062] The pH of the mixture of the biological sample and stabilizing
agent can be adjustéd by the addition of a suitable buffer. An
éxample of a buffer that has been found to be éfféct_ive in adjusting the
pH of the biological sample is tartaric acid. Other buffers and pH
- adjusting E;Lge-nts as known in the érfcan also be used. The pH of the
buffer can be adjusted to the desired range by the addition of sodium
hydf_oxide. _ _ _
[0063] The nucleic acids, either DNA or RNA can be separated from

the stabilized biological sample using various processes as known in



[ 00661 Twenty-four sanples were prepared for this conparison. Each sanple
was prepared from2.5 mM blood, drawn with a sodium citrate~ containing

bl ood col I ection device, and mixed with 7.5 nl of a stabili zat%gw@qﬁnﬁer
containing 3% (wv) tetradecyltrimethylamoniurn oxalate and 1 mM and 200
mMtartaric acid, respectively, in a 12 nm polyethyl ene tube. The pH of
the buffer was adjusted with sodium hydrog de to 3.3, 3.5 and 3.7,
respectively. Sanples were stored at roomtenperature for 25 hours and 72
hours, respectively. In order to isolate the cellular RNA the tubes were

centrifuged at 500 f 10,0 m_nut upe ant
was di scgrded tgﬁaa hétg]ealsog?e% U%gﬁg&%ggﬁé%bﬁﬁlﬁg\ﬁg{% S C%Lt er %Fgaamtqlg%nal
centrifugati onrgt; &QOQu&egcfa@tdslaurm tﬁe,e%urtftteatﬂﬁt E?étd&%ﬁ pdi-®saleceth i n 300
pl of a lysis buffer, i.e. diluted with 360 Kki

wat er- and 40 pthedabpeatmséo )Kelﬂeﬂ”ee addéutd Afichric acpd.ot ei nase di gestl on for
10 m nutes at th Ie Wascntrlfu ed. at 0,0 f.or nut es,
t he super nat ar{f‘}%q(@ &Fﬁ SPe CPEPTHE Sgaﬁlg\?/ ¥ 5Ot rrzﬂ? %6(518S %Tlg meé%é/“ gh?lanol
vwere added. Thensanphg d%%etﬁ%&iﬁ@ﬁmﬁ%ﬁt@te%ﬁbieﬁ&%m ﬁ%%n?ﬁ]@&% fhng

spin colum via centrifugation at 8000 x g f m nute. The spin colum
was washed ondhewtdrhpau@Gdl CI‘her]:traemﬁag,emm:lng: bulfdfsecraxt ibeecxtbarftedrir&y

(Q AGEN GrbH) and two. ties 'th n et hanol cont ai ni uffer-iike

buf fer RPE ( QIAGENTBPIBHPY aThec etstaecpﬂerp Y it G401 ROTST o HEr ane

wWth 2 x 40 pljy4 ERQﬁ_s L E&m S
dupli cates. [00671 e ﬁelqg1 W?é %e i so at ed{%\%@é egg'?g?n?ﬁgd]ﬂ%}hﬁ%%surl ng
t he opti cal deﬂmscihtsytsammaﬁ@the eomeler ey tdavientheairspdableopholedematets. - Thd -

cal culating. that. rresponds to a concentratl on oé 40 pg RNA/ .
The integrity ‘EﬁmPﬁE CFJQ'NE Suating the COMPEEHBIBSA s of 30' VI of

the eluate in erg&'?ﬂ{*é'tre@t %@gltlo%ggf RagiR ML dabysleo &) hléﬁaéaﬂfagoTMt}ighs

et hi di um brom e ylie
- -as, for example, guanidintum 1sothlocyanate or guanldmmm

hydrochlonde Other methods of 1solat1ng and- purifying nucleic. aeids :
- are disclosed i in U.S. Patent No.- 5,990,301 to Colpan et al. WhICh s -

hereby 1neorporated by reference in its entlrety

- EXAMPLE 1 STABILIZATION OF RNA IN HUMAN BLOOD

[0065] This example demonstrates the effects of the rat1o of the
blood te stabilizing agent and the concentration of the stablhzmg
agént. - '

- .[0066] Twenty -four samples were prepared for this compartson
'Each sample was prepared from. 2. S ml blood drawn with a sodlum
citrate containing blood collection dev1ce and mixed with 7.5 mlof a

stabilization buffer containing 3% (w/ v) tetradeeylmmethylammomum
..oxalate.ahd .125 mM and QOO.Im'M tartaric acid, re’spectittely, inal?2

.ml plol'yethylene tube. The pH of the buffer was adjusted with sodium

hydroxide to 3.3, 3.5 and.3.7, respectively. Samples were stored at

room temperature for 25 hours and 72 'houfs, respectively. In order to

isolate the cellular RNA, the tubes were centrifuged at 5000 x g for 10



of the RNA is presented in Table | and Table 2. 0 6 MAY 2005 - 22 TABLE I
125 mM Tartaric Acid Sanple D-H Storage Tine (bours) Yield 1 3.3 24 8-4 2

3~3 24 76 3 3.5 24 9.5 4 3.5249.8 53.72413.3 6 3.7 24 %ﬁ.%\{zﬂS-S
72 7.2 83.3726.8 93.57210.3 10 3.5 72 10.9 11 3.7 72 g

7.2 16.1 TAL3LE 2 200 nM Tartaric Acid Sanple pH Storage Time (hours) Yield
g) .133.32459 143.3247 4 15 ..835 24 10.6 16 315 24 10.9 17 33

24 17.2 is 3.7 24 18.5 19 3-.3 72 5.1 20 3.3 725,3 213.5727.2 22
3.572 7.1

minutes. The supernatant was discarded and the pellet was washed
once with water. After additional centrifugation at 5000 x g for 10
minutes, the pellet was dissclved -in 300 pl of a lysis buffer, i.e., buffer
RLT (QIAGEN GmbHj, diluted with 360 pl water and 40 ul proteinase
K were added. After a proteinase digestion for 10 minutes at 55°C the
sample was centrifuged at 20,000 x g for 3 minutes, the supernatant
was transferred into a new tube and 350 ul of 98% ethanol were
added. The sample was then applied to a silica membrane containing
spin column via centrifugation at 8000 x g for 1 minute. The_ Spin
column was washed once with a GITC containing washing buffer—like
buffer RW1 (QIAGEN GmbH) and two times with an etharnol wash
contammg buffer—hke buffer RPE (QIAGEN GmbH) The RNA was then _
eluted from the sﬂxca membrane w1th 2 x 40 ul of RNase free water
All samples were processed in duplicates. _ _
[0_067] The yleld of the isolated RNA was determmed by measurmg
the optical densfcy at 260 nm wavelength in.a spectrophotometer and -
ca.lculatmg that. 1 OD260 corresponds to.a concentration of 40 ug

' RNA / ml “The integrity of the 1solated RNA was proved by

: electrophorems of 30 ul of the eluate in a denaturating -

' agarose / formaldel'ryde gel, stamed with ethidium bromlde The y1e1d

- of the RNA is presented in Table 1 and Table 2.



23 3.7 72 .13.3 24 3-7 72 16.6 [0068] The results show that for the blood
volume of 2.5 M mxed with 7.5 m of stabilization buffer containing 3%
(wv) tetradecyltrinethyl anmoni um oxal ate and 125 nM or 200 mvl[] B{Iﬁ@} ?ﬂg]é C
acid, respectively, the pHof 3.7 is optimal for the yield and “i g y of
the total RNA. Wth all pH values, the stabilization of the 0 5 MAY 7005 -
23 RNA, judged by the integrity of the rpposornal RNA, was very good, but
the yield of the isolated RNA was |ower with the buffers adjusted to pH 3.3
and 3.5, respectively, than with the buffer adjusted to pH 3.7. However,
even the |l ower yields achieved with theggggill i zation buffer adjusted to pH
3.3 were conparable or slightly better e yields achieved with a
control- nethod, the RNA isolation M3 mhEaQhAamEiB RNA Blood Mni Kit

(Q AGEN Cat. No. 52303), which showed an av ield of 6.8 pg RNA per
2.5 m of blood. EXANPUEE2 - NOREHERN- Hi 2 1 B os691 Th@@@)ple
shows the results of a Northern-Blot analysis performed with bl ood sanples
fromthree different donors stored at roomtemgerature for | hgua, 24
hours, 49 hours and 72 hours- [@0701 2.5 nl bl gad sanples, drawy gith a
sodiumcitrate contaiing bloo ol lection dewy, , cc, were mxedswith 6.9
m of stabilization %ffer conte’aéni ng 4% (w v), tetradecyltrinme hgl anmoni um

ox, ~datc and 200 mMtartaric acidin a 16 x 10 4nim pol yet hyl e § t ube.
Sanmpl es were. stored room t erature for t2 hour, 24 hours;, £ 8.
hours, and. 72 hours, G espectiveélY. In order t@4solate the cel IGiZar RNA,
‘the tubes Were centrifliged at 5600 x g for 10 MZnhutes. ‘The supérBatant was
di scarded and the pel &t was wash&d once with. 72vater. After addi.8i onal

centrifugation at 5008 x g for M5m nutes, the7xyellet was dissohyed in 300

pl of a lysis buffer, 1p.e., buffes RLT 72 10.9 :
11 3.7 ' 72 - 14.8
12 37 Soo72. . 161
TABLE2 _
| 200 mM Tartaric Acid
~ Sample . pH Storage Time (hours) = . Yield (ug) .~
13 3.3 - 24 59
14 33 24 74
15 .35 . 24 . 106"
16° 3.5 . 24 - 10.9.
17 3.7 24 172
18 . 37 24 . 185
19 . 33 . - 72 o 5.1
20 3.3 _ - 72 T 9.3
21 . 3.5 - 72 : . 7.2
22 3.5 72 N AT
N3 3.7 R ) | . 13.3

24 37 72 '16.6

[0068] The results show that for.the blood volume of 2.5 ml mixed
with 7.5 ml of stabiiization buffer containing 3% (w/v)
tetradecyltrimethylammonium oxalate and 125 mM or 200 _an
tartaric acid, respectively, the pH of 3.7 is optimal for the yield and
integrity of the total RNA. With all pH values, the stabilization of the



(Q AGEN GrbH), diluted with 360 pi water and 40 pl proteinase K were added.
After- a prateinase digestion for 10 m nutes at 550C the sanple was
centrifuged at 20,000 x g for 3 m nutes, the supernatant was tﬁm{eé@gd
into a new tube and 350 pl of 98% et hanol were added. 0 6 MAY

[0071] The sanple was then applied to a silica nenbrane containing spin
colum by centrifugation at 8000 x g for_lhgnnute. The spin colum was
washed once with a G TC contai ning washing buffer-1like buffer RWM (Q AGEN
GbH) and two tines with an ethanol wash containing buffei-like buffer RPE
(Q AGEN GrbH)

he RNA, ,wa n el ut frogmthe ca nenbrane h 2 x
50 plof RRasd N hedudigh b g g St s NRRo R bR A H D P CEARRO S b &
2.5 pg of the 1RNA n
f or mal dehyde nglsﬁkgingfjgf t erd/}?%e? g?gg?%gg%g%e@g%t ﬁ%&%ﬁ%@aﬁ?ﬁ'ﬁtﬁg}%& rIeId
onto a nylon 3@ndonadrieS, ifdfrfpm:yﬂvety rthlmblrwnﬁm as bhgff:ﬂriaﬁjmeobcsmnmaeﬁt ly with

a radi oactive | abel ed RNA ope, otal he se ce of

| FN- ganma i nduIEIPIYIegebeeﬁ’@“(&fn 3”5\ aVE 6‘5"3@“ @?Fe?%#@ﬁ%atl%

washed several S 1% SDS
to 0.5 x SSC/ 0 h%?é%%%p@?&%‘ﬁ&% %néﬁ%l?%l?\%%mégﬁ‘é?(%gg}e te éf]ﬁ}eeﬁi ;}Qto an

X-ray film Asachieoad rdth a RNArbl methbd mmNArleelam mﬂi ahe ) Iusinhg®
TRI zol TM LS, reagent (L| fe. Technologies) directly after the bl ood draw and

anal yzed as deSE7Y biapd bigi Kit (Qg3k @H@@uﬁ?@ oWhiHaehewed #anscri pt
| evel s of the ne h sed as a probe to
hybri di ze the %‘E%%%?%% lgﬁ\glg?erve O\ierqu\gﬁe&entl re time period with

no visible change in the expression level. The transcript |evels were equal
to the TRIzolT ,'LS control S. These control S represent the in vivo

.condi tions of E , , I®f the bl ood draw because the
TR zol [0069] This example shows the results of a Northern-Blot analvsxs

performed with blood samples from three différent donors stored at
oo temperature for 1 hour, 24 hours, 48 hours and 72 hours.
{0070] 25 ml blood samples, drawn with a sodium citrate
contammg blood eollectmn device, were mixed with 6. 9.ml of .
. stabilization buffer contammg 4% (w /v) tetradecyltnmethylammomum
- oxalate and 200 mM tartaric acid in-a 16 x 100 mm polyethylene tube. o
:_‘Sajnples We}'ef_stored at room..temperamre.for 1 hdur, 24 houi's;._4_8 _ .
hours, and 72 hours, respectively. In order to isolate the cellular
RNA, the tubes were centrifuged at 5000 x g for 10 minutes. The
- supernatant was discarded andthe pellet was washed dnee_ with.
water. After additional centrifugation at 5000 x g for lo_m_inutes, the
pellet was diesolved in 300 pl of a Iys'is' buffer, i. e buffer RLT _
(QIAGEN GmbH] diluted ‘with 360 ul water and 40 pl proteinase K
wer€e added. After a proteinase digestion for 10 minutes at 55°C the
- sample was centrifuged at 20,000 x g for 3 minutes, the supernatant
was transferred into a new tube and 350 ul of 98% ethanol Wer_e
added.



reagent contains phenol conbined w th guanidine i8othiocyanate, and 1is
considered as a reagent that destroys cells imedi ately, denatures proteins
and therefore conpletely inhibits any biological activity. The conparison
of the signal intensities fromthe stored sanples with the TRIzd@lf iggmnppp! s
in the Northern-Blot analysis indicates that the 0 5 MAY 2005 -25
transcript levels of the |IFN-gamma inducibBle_gone were "frozen" immediately
after addition of the stabilization buffer to the blood sanple and did not
change any nore during storage EXAMPLE 3 - COVPARI SON OF BLOOD COLLECTI ON

DEVI CE W TH I L EDTA TUBE.[ 0073],.Thi | th
stabilizati pn% %hsa[rﬂgfé E’@ISI%‘L?H %Hll’]d%@:t%éﬂeéﬁggh%e%f‘oté i esi nvgnti on
and conventi Oﬂ%ﬁtﬁmﬁ% §9it 85104RS Sy“@&atrﬁf@l%éﬂo_r?aﬁgmg}o% 9adr 1dpAWnd rom one

donor with a bl ood collection device, containing 6, of stabilization
buf fer (4% (w e speat ratecyl tvasmed styddomoniwithox T ACecor2@0n g wkkshand axi ¢
acid,.pH3.7) ip a .16 x 100 mm pal yet hyl ene tube closed with a HE Tm
'flhofu Ei e ( Begt olﬁu&ﬁﬁ’i‘r‘?s%%%%g% @é&&ﬁ%ﬁﬂl&gﬁm SOt g S Prigy et%éﬁl?n}
at draws 2. anpl es
%Hkh%rﬁh%ﬂgt urﬁeﬁﬁﬁ@%{ﬁé’r fa??z‘ @ﬁ@@ﬂ (gﬁnthfiF. ;ﬂgrs@m np

were stored at roomtenper e for 1 hour, ays, . ays and J O

days, respectiwebyhen[d0f&] ftoinahdedilita rmsgitatacthiaghcekl 40 al RN adchfetubes
were centrifuged at 5000 x g for 10 min. The supernatant was discarded and
the pell et wasWihe BREl samploatas progarse faggechormirableent S rgaghthen at

DoPP e 9 ror . Mol £RR Beld fladiro o a Uil BiA0hedtosl (Anl ARIARARST O

cont al ni anmmoni um acet a hen YSI'S

i.e., buffer Ridi, aQdACEN GidE)ectaipphdi@ s th RN EWasEralfsienredadded After a
.protei nase digestion for 10 mnutes at 55 C, the sanple was centrifuged at.
20,000 x g. f ofylpminambsang.ndhe nylon membrane was hybridized subsequently
with a radioactive labeled RNA probe, which contained the sequence of
an IFN—gafnrha inducible géne (GeneBank Acc.No. LO7633) ov‘ernight
at 60°C, waéhed_ several times at 60°C w1th washing buffers
containing 2 x SSC/0.1% SDS to 0.5 x $SC/0.1% SDS. ‘The nylon -
: membréne was exposed _siibsequenﬂy to an X-ray film. As a control,
.RNA'--fmm ihe SaIﬁe _dbﬂdr IWélS iSblafed uéing ':I‘RIz'oiTM- LS réagént.(l;ife
_'Techn’qlog’ies) directly after the blood ‘d_i‘aw‘a_nd- analyzed as described - -
above. . : ) . . - ; :
- [0072] . The results -s'how that thé tra_inscﬁpt-levels of the .IFN—gamma
inducible gene, which was used as a'probe to hybridize the isolated -
"RNA, was preServéd' over -the ént’ire tinie’pefiod'with’ no vi_sible Ch_ange. '
in thé e’xpreséion level. The transcript levels were equal to the
TRIzol™LS controls. These controls represent the in vivo conditions of
the sample at the time point of the blood draw because the TRIzol
reagent contains phenol combineéd with guaﬁidine isothiocyaﬁate and
is considered as a reagent that destroys cells immediately, denatures
proteins and therefore completely inhibits any biological activity. The
comparison of the signal intensities from the stored samples with the

TRIzol controls in the Northern-Blot analysis indicates that the



supernatant was transferred into a new tube and 350 jil of 98% ethanol were
added. The sanple was then applied to a silica nenbrane containing spin
colum by centrifugation at 8000 x g for I mnute. The spin colum

washed once with a G TC containing 0 5 MAY 2065 -26 washi ng buf®&MA | ﬁ[ﬁ
buffer RWI (Q AGEN GrbH) and two tines with a ethanol containing
buffer-like buffer RPE: (Q AGEN GrbH). [00761 A digestion of the residual
genom ¢ DNA which could be co- purified-Wi3bh the RNA in | ow arnounts was
performed on the silica nenbrane according to the instructions in the
manual of the RNase- Free DNase Set (Q AGEN GrbH Cat.No. 79254). The RNA was
cl ut ed fromﬂraasa]maé@mﬁew gam%né lﬂau%%blef Sdiueod <Rubier. Al
sanples were processed in l'i cat For the an% ysis, the eluates were
diluted 1: 1215rm‘rrelddaiall5da[teglachtht1bheofdulle $tedbiletatad e bm"ﬁarairmathfzbhbobiy real
.time Tagvan RT The, "RNA of the GAPDH—denc was anplified wusing an
assay devel op%nﬁﬁﬂﬁﬁll 1donel 6RHUEE A BBITS AHARE QRif% ‘was anal yzed in
duplicate. in the Tagvan RT-PCR anpl ification, 100771 As a control, bl ood
fromthe sane donor was drawn with a Becton Di cki nson Vacut ai ner EDTA t ube
and was st or eBxamprLhi3s- QumradisontdeBsaop CorreqreoN @Easedasar i bed above.
The RNA from1l m of. ¢hRveieiEpadh Teamel e was i sol at ed at each tine

poi nt using TR zol TIYI "LS reagent (Life Technologies).” The i1sol ated RNA

the RUA o ean Ok QUIRRRP e REEMhT4Es R RESREARE N ANEREPERTS %0 o
of RNase- freeol@ittin débhecalfudicepmaendithu¢@tdod £t tohdehticant®DTA

conpensate for the | ower sanple volune processed with the TRl zol nethod, -
conpared to t&etRIBIGE twhe.pl ood in the sanple tubes. The sanmpl es were

Cai ) obrel PEEED PSRN AR, RURLE Bk MR B oY

RNA device, containing 6.9 ml of stabilization buffer (4% (w/v)

tetrad-eeyltrirnethylammohium exalate, 200 mM tartaric acid',.pI-I-IS_.’,?]- _
in 2 16 x 100 mm polyethylene tube closed with a HEMOGARD™
closure (Becton Dickinson and Company) and evacuated to a defined
vaeuum that draws 2.5 ml of blood when connected to the vein of the
donor. Samples were stored at room temperature for 1 hour 1 day,
days 7 days and 10 days, respectwely . _
. [0075] In order.to 1solate the cellular RNA, the tubes were
centrifuged at. 5000 x g for 10 mm The supernatant was d1scarded
" and the pellet was washed once with water. After add1t10nal
eentrlfugatlon at 5000 xg for 10 min, the pellet was d1ssolved in 360
Ml of a resuspension buffer containing ammonium acetate and then
© 300 yl of a lysis buffer, i.e., buffer RLT (QIAGEN GmbH), and 40 pl
.proteinase K were added After’ a proteinase digestion for 10 minutes’
at55°C, the sample was cen’mfuged at 20 000 x g.for 3 minutes, the
supernatant was transferred into a new tube and 350 yl of 98%
cthanol were added. The sample was then applied to a silica
- membrane containing spin column by centrifugation at 8000 x g for 1

minute. The Spin' column was washed once with a GITC containing




i n human bl ood. The real tinme RT-PCR results show that in the unpreserved
EDTA bl ood, the transcript |evel decreases over tinme (indicated by the in

creasing ct value in the Tacl Man analysis) up to a degree of dgﬁ{@&%é{iﬂpn
after 7 to 10 days at which point the nPNA is 6 MAY 2005 -27 n

detectabl e- On the other haad, the GAPDH rnPNA in the preserved sanples
does not show any decrease in copy nunber,g taking into consideration that
the error range of the TagMan assay is + | ctvalut. Wthin this error
range-, all changes in the ct value have to be considered as nornal

fluctuations of S de on is si.bl e-
e Fasurt cPasige M s B B S o el Bong R S0 e Hoset vl o d

| ect d I k I
That the ot anr T R A AL G R A e D Benlar

anal ysis of t@0%éiplA digedtesn al thd ABLE R georoage BN A oiiciNAostidlbiel ¢ezat'i on
nmean val ue/ct EDTA tube nean _valueict tenp. device/ ct value /¢t value I h

33,38 30.17 PHHroyigsth QB%HBGO‘B’SH@PU@GSS@@QBT@@HW ap.thg silicyay 31. 28
3019 ~ 28.69 . 30, Hladd 4lordQigdth i3 TsttlediBnsdt: 3% Ba08YE Find RRZsS3

31.92 32,37

Free DNase Set (QIAGEN GmbH Cat.No. 79254). The RNA was eluted
from the silica membrane with 2 x 40 ul of elution buffer. All samples
were processed in duplicates. For the analysis, the eluatesl were
diluted 1:125 fold and 1 pl of the diluted eluate was analy?ed_ by reatl
time TagMan RT-PCR. The mRNA of the GAPDH-gene was amplified
using an assay developed by Apphed Blosystems (ABI). Each sample
was analyzed in duphcate in the TagMan’ RT PCR amphﬁcatlon o
-[007 7 ] 'As a control, blood from the same. donor was drawn with a
Becton DlelHSOH Vacutainer EDTA tube and was stored i in this tube
for the same time period as descr1bed above. The RNA from 1 ml of.

the stored blood sample was isolated at each time point using TRIzolTM
LS reagent (Life Technologms_]. ‘The isolated RNA was subsequen'dy |

- cleaned up according to the RNéasyTM Mini protoeol for the RNA clean
up '(QIAGEN Cat 1§Io 74103] The RNA was eluted with 2 x 40 ul of
RNase—free water. The eluate was diluted 1:50 fold in order to
| compensate for the lower sample volume processed w1th the TRIzol

method, Compared to the 2,5 ml of blood in the sample tubes. The
samples were analyzed usmg also the GAPDH TaqMan RT- PCR systern.. _
from Applied Blosystems (ABI) _ _
-[007 8] Table 3 shows the results for the stablhzatxon of eellular RNA
in human blood. The real time RT-PCR results show that in the
unpreserved EDTA blood, the transcript level decreases over time
(indicated by the inereasiﬁg ct value in the TagMan analysis) up to a’

degree of degradation after 7 to 10 days at which point the mRNA is



30.91 36.32 30.15 40 30.3 39.58 7 days 33.03 40 31.16 ag.01 32-59 3B.4
34.21 37.67. 31.9 16.12 10 days 34.2 40 32.47 40 32.58 38.97 32.36 38.38
31.29 37.48 0 6 MAY 2005 -28 EXAnPLE 4 - STABI LI ZATI ON OF GENOM C DNA I N
VWHOLE BLOOD 100791 It was al so possible to isolate the genomc D%MAP%ﬂshe
stabilized bl ood sanple- 2.S m blood, drawmn with a sodiumcitrate

cont ai ni ng bl ood col k~ction device, were mxed with 6.9 mM of stabilization
buffer containing 4% (wv) telLradecyltrinB¥hyl anmoni um oxal ate and 200 mM
tartaric acid in a 16 x 100 nm pol yet hyl ene tube. Sanples were stored at
roomtenperature for 24 hours and 72 hours, respectively. In order to

| solate the Jenom P81l URSS (MERnel B [8edABDPORRNA o tRe 10 m n.
The supernatant was discarded and the pellet was washed once wth water.

Af ter additi opabservedtgarhplat dors abt 5000y xng daredfe mm mupgsputdierpel | et was
di ssolved in 300 p] of a EC[{>TA and sodi um chl ori de cfoqé(%i ning buffer and 400
pl of -a Iysi $aburg Byo qonsiderspqrpthaf thee N aganpt thndagdThl 2538Y éb nase. K

of 080 et hanol® het S ided Tng snare ArEPal LRt % LR e b ane
cont ai ni ng spito wotemgidbyed aptridiimigaflnotuatio8O@0 tkegrhpiifitation system

and no degradation is visible. This result clearly indicates the

advantage of the new developed blood collection device over the EDTA

blood collection tube and also makes clear that the stabilization of the

RNA 1s a prerequisite for the molecular analysisl of the sample

material.
TasLE 3
storage at room NA stabilization mean value/ ét EDTA tube mean ﬁalue! Ct
temp. device/ ¢t value . Jc: value
1h - 3338 3017
3142 Co ' : 29.63
: ) 31.48 - '30.58
31.06 _. 32.29 _
© 30,060 . S : 30.24
1 day B 31.28 . K : -30.18 -
' 28.62 oo “ 29.35 - I
: _ .- 30.11 .. 3126
30.34 T 3392 -
- 30.19 o : 32.32
3 days ' 31.27 - I ' -, 33.33
- : 31.92 ' ' . 32.37 )
S 3091 - - - 36.32
30.15 . ' _ 40 - :
303 ’ ’ 39.58
7 days 33.03 _ 40
’ : 31.16 . : ' .39.01 _
.. 3258 o 38.4
34.21 ) S 37.07.
319 ’ : 36.12
10 days 34.2 - 40
32.47 40
32.58 ' 38.97
32.36 38.38

31.29 37.48



m nute. The spin colum was washed -once-with a guani dine hydrochloride
cont ai ni ng washing buffer-like buffpr.AW (Q AGEN GrbH) and once with an

et hanol containing buffer-like buffer AW2 (Q AGEN GrbH). The DNA m,tm
eluted fromthe silica nenbrane wth 300 pl of a tris-buffer: (9\5,@?

of the cluate was anal yzed on a 0.8% agarose/ TBE gel stained with ethidium
brom de. The yield of the isolated DNA was2g det erm ned by neasuring the
optical density at 260 nm wavel ength in a spectrophotoneter and cal cul ati ng
that 1 OD260 corresponds to a concentration of 50 pg DNA/m . After 24 hours
and 72 hours Ofy, 540k 30€ 53 o 02MHLE M GPAIbGp DA vas of

hi gh nol ecul ar—we greater than 20

kb. The yield [m:sm]n uhafarsaﬂg@ pﬁssb@lteveeleopaletme%brngnneom Broth the 0 6 MAY
2005 -29 blood, which is within the exgect ed yield range for this anount
of bl ood. ThesPhAes bigashsamle c fobant blegshydierye wishat pewdigimdkgate

trict d | dj i d PCR | i f 0081) Th
DA was. a6 90 AN ad To Pk ral ey EaRy e PR R 8 B Gnayme O €
di gestion or PGRARRAtiISH GRIfFR N corf@iniiesdod fé@,tﬂ‘]'t% gﬂ@gﬂegﬁ Bashmonium

digestion, 2 pg of the DNA was digested w (E) and Hind 111
(H), respecti vexglaté and32G@unhi mrtamccacaddn anél ?yzlélﬂ) gu‘ns@dﬁeﬂmlvﬂ@)mubeo 8 %

agarose TBE ge r the P lification, 130 DNA wer e
Bdded to a 50 FCULPSMET e PEROPEE AT ORI Ch 24 ROURS e P AGHENE: o
the human honplQ@utively. JiBraéaty a&188NEh én@ﬁﬁblxﬁmdthmebé’%d%oducts
were = anal yzed on a 1. 3, %  agar ose/ TBE gel . MPLE 5 [0082] This exanpl e

denonstrat es thentrrigedmt $0CO abg Ifor ﬂOanm titensepemratemtoraniisdardad
BLoLogice) Serph WSS BBy i ORI TREI e 7
: centrifugation at 5000 x g for 10 minutes, the pellet was dissolved in
300 ul of a EDTA and sodium chloride containing buffer and 400 ul of -
alysis buffer, i.e., buffer AL (QIAGEN GmbH), and 20 I proteinase K
were added After a proteinase digestion for 10 minutes at 65°C 420
ul of 98% ethanol were added The Sample was then apphed to a silica
membrane contammg spin column by centrlfugatmn at 8000 x g for 1
‘minute. The spin column was washeéd once-with a guamdme-
,"hydroehloride containing ‘washing -buffef—like buffer AW1 (QIAGEN
' GmbH] and enee'with aﬁ' ethanol con_tlajning.buffe-ralilke 'buffer AW2
- {QIAGEN GmbH). The DNA was then eluted from the silica membrane
with 300 uI of a tris- buffer - | ' . -
[0080] 5 ul of the eluate was analyzed on a 0.8% agarose / TBE gel
~ stained with eth1d1um bromlde The yleld of the isolated DNA was
- determined by rneasurmg the opt1cal den31ty at'260 nm wavelength 1n
a spectrophotometer and calculatmg that 1 OD260 corresponds to a
concentration of 50 pg DNA/rul. After 24 hours and 72 hours of
storage at room temperature, isolated genomic DNA was of high
molecular weight. The main band migrated at a length .greater than

20 kb. The yield was in the range of between 47 to 80 ug per 2.5 ml of



sanpl es were collected fromfour human donors ideritified as donors 1, 2, 3
and 4.' For each donor, a first group of sanples was drawn in a EDTA bl ood
collection tube and stored at -700C. A second group of sanpl esj gy 2005
collected in an identical EDTA blood collect . ion tube and stored at room
tenperature. 100831 The second group of sanples was stored under identical
conditions at roomtenperature and analyzed at 1, 3, 5 and 7 days for total
interferon-gamma nMRNA by quantitative TagMan RT-PCR. The first group of
sanpl es was stored under id critical conditions at -701C and anal yzed for

total interf - . b titativ: Taghvan RT-PCR. Th d
TRNA cont ont BE0dadieadpr et eY 1SR SRR R KEI FATKE Tt Uregirel e o
donors 1-4, rtﬁé@@?tT}Y@DNAQ@aé)af%dVﬁ’ﬁ%ﬁg%le to3én ShAWRici Rakhengnagrhs, the

bl ood sanples stored at -70'C exhibit a small decrease in the total anmount
- of i nterferorcegarmionRtlaiudrasedigesticthrnd BER dmpddigptios. at - 70' C showed

: slight i i MRNA bet d 1 dd 5 whi ch be. i nt t ed
o, SLi N DGR, | TR RELIRED day, L and ey 5 L ch can, b Loterbr et
stored with BRTA-&4t- QA Eﬁ%%%i%&@tioﬁw B Regdn iy FGRidd capt chacrease in

total interferon-gamma nRNA after = three days ingl cating a high rate of gene
i nducti on- Aftestridayn3nddreacisaspldege sidni, 2 pedofatldeDiNdase si dige bied witdd

interferon-ga mR i ndicati significant deconposition, data of
this exanple O RE FERe B Bne BB Dl cereht o o BRUEDTASL: Crite
tenperature 1s,RotdShaRe @t 0at Hieod akat H fell be

conti nuously _c%g%ges as eglur es&lt‘?f.:11 o?l’gge/%]eél&no ucti on@%ngﬁcgzgrg%pog tion. The
const ant changeplidfcatios, t1GEGANERMIO ing dhihes BXipA evareewbidd t@an S@at totatle

i det i nat i d | ysi f RNA iginally in the blood sanple. EXAMPLE
g oM natton, e BER Teaction mix and a 1.1 kb fragment of the human & |
homologue of giant larvae-gene was amplified. The PCR products were

analyzed on a 1.2-% agarose/TBE gel.

EXAMPLE 5 _
[0082] This example demonstrates the inherent instability and
8 tréh,scr_iption of _RNA in a.-biologicél sample when the s-é;mple is Stdred
at room .tc'mperaturc in the absence of S‘_cab_iliziﬁg agents. Whole blood - B
" samples were collected from four human donors identified as donors R
1,2,8 and.4.'.l For-each.dono.r, a ﬁr_sf group of samples was drawn in a
~ EDTA blood collection tube and stored at -70°C. A second group of
~samples was collected in an identical EDTA blood cbllécﬁ_‘ori tube and
'stc')redl'at room-t'emperatu're. | . o -
[0083] Thé éec_ond group of samples was stored under identicél
' conditic’;ﬁs at ‘room t‘énipér.atufe and analyzed at 1, 3, 5 and 7 days for
total interferon—ge;.'mma_mRNA- by quantitative TéqM-an RT-PCR. The
first group of samples was stored under identical conditions at -70°C
and Ian_alyzed for total interferon-gamma mRNA by quantitative
TagMan RT-PCR. The measured mRNA content of each sample is
shown in the graphs of Figures 2-5 for donors 1-4, respectively. As




100851 Thi s exanpl e conpares the changes over tine of certain interleukin
MRNA species and other RN . A species in a whole blood control I
conbined with EDTA and stored at roomtenperature, and whole bl%égﬁFgﬁﬁ
sanple stabilized with a conposition of tetradecyltrimnmethyl anmoni um oxal ate
and tartaric acid and stored at room tenperature. The bl ood sanples were
obtained directly fromthe sane subject.s3gnd conbined i mediately with the
respective stabilizing agent. The resulting sanples were stored under
identical conditions at roomtenperature. [0086] The collection device was

a 16 x 100 nm pol yet hyl ene tube, containing,6-9 m . of jli.zation buffer
cont ai ni ng 417 OY‘%{% i & 26165° 100 1831%13%7%8%05%%% 'm%?m%f‘um oxal at e
and 200 1nM t 3p{Ar HecRGisE in e toRhPRMh best¥ekSo HIAWAN D HEBUAYatéom the
donor into the collection device where they were m xed immediately with the
tetraci ccyl t r daptlhyTaraaohthmsaxgblat eatadTd)° Chehdwetlar siglacimtredbe incont r ol

sanple was prepared with 2.5 nl of fresh drawn blood in a Becton_Di ckinson
Vacut ai ner EDTASNGpetwrensduedt aiad tdayeSiRiisi Vel be FReTrRished 615 wHiplienand

t he test sarrpg tﬂgre?b%g%yéegf Bye a’g{dlto ive TagMan RT-PCR as in the

previ ous exanpl es. i gures are’ graphs show ng the changes over

time in the pOO84] Ohebead seapled etddkvithnBNASpechem adrdpetdteire TRNA
species in the bl ood sanples. The sanples were anal yzed by standard .
procedur es fofxXREdt prijgrHisamidufteasc TheotaRNates faenegsamimasaRit e {leaf t er

col | ection of e od sanples to .establi . - lin e
sanpl es were % %hereeggg% 91}%1%%‘%{1 gn’apgll%}fl Lﬂage 8&;}%@%%&8@1;%80113,[Eﬁeﬁgga?g%, tg%hour s,
24 hours, 3 dayms1ed exhilsiysd aFddrease ishewstotikeintanfeush-@imuleniBVA speci es
in the blood sanple m xed with EDTA, after storage for 5 days as neasured
by file changédicetngheigpifieanti decomposition. The data of this example
 demonstrate that whole blood treated with EDTA af room temperature
is'not stable and that the total mRNA in the sample continuously
changes as a result of gene induction and decomposition. The
_constant changes of the total mRNA in the sample prevents an _
- accurate determination and analysis of mRNA, gﬁriginally in the blloo'd

sample.

 EXAMPLE 6 - o B |
{0085] This example compare-s the changes ovef time of certain ‘
interleukin mRNA species and 'othér'mRNA species in a whole blood
" control __S&Ir'ip_le Corﬁb_ined‘ with EDTA and stored at room tcmperafufe,
~ and whole blood fest san.aplé stab.iliz'ed with a co'mlpositidn of |
tetradecylt;inieﬂ;ylaﬁlm_onium oxalate and 'té.rtaric acid and s’_tOredi at _
roorri ’Eerlnpera'tﬁre.' The bloOd._Séﬁlples were obtained diré_ctly from th__é
same subjects and coimbined' immediately with the respectiv-e -
stabilizing agent. The resulting samples were stored under identical
conditions at room temperature. _
[0086] The collection device was a 16 x 100 mm polyethylene tube

containing 6.9 ml of stabilization buffer containing 4% (w/v)



The specific nRNA species neasured are identified in the bottom portion of
the graph along the horizontal axis. The vertical axis indicates the change
in the amount of the MRNA species and neasured in changes by orders of

magni tude. As shown in Figure 6, several nRNA species exhibited |i QglMAYOR005
no change after 5 days, while certain other nRNA species exhibited
significant increases or decreases. The increases are understood to be the
r*"W of gene induction while the decreas@d are the result of degradation.

[ 0089] The graph of Figure 7 shows the changes in the anount of 1L-8 and

I L- 10 transcripts for the blood sanple stabilized wth EDTA. The anount of
the transcri ptigwefe H?ﬁﬁ@tksﬂaﬁfménh%féxalét@%tﬁao@%% @aﬂ%czﬁ,@é T2
hours, 3 days and 5 days as “'shown by each bar of the graph. As shown, the
amount of I L- 8ﬂoﬁ&@mmphmnMnemk@ensﬁmﬁﬂyimnn&h&ﬁoemrauoﬂhaﬂnﬂaxMEtduring
the first thref ﬁgs as a result of ne ingductjon d then starts to
decrease as a %4 Fdﬁ?e&QEBHﬁH§E?F% Ingn ?%EW‘}]E 11, -10 nRNA | evel
shows a decre e 1onved: lHh,d ncrease
shows 2, doct casgr it ok A Shob e s bRl Bk B3l nor e

instability ofcantbbostinpbaplas stapadd xﬂtthr@@rmﬁlejfﬁeeﬁt di-eww blocBOhAz [ 00901
The bl ood test sarrpl e stabilized with a conposition of

t et radecyl t ri nBEHPIL BIFERB M \BAtairenk® Matvbei Absslactisktimminisemls,
| mredi ately af fif c&%}jﬁgé ?JT.% cf@r‘?f't'é& éa'}ﬁpf’é‘%% A zé&%y’@%tt%ﬁﬁ%‘ es

and establish & base Il ng; es were analy ree days
where the sanplegMwuerRTRORet: af th@@retlemsea:astmpees (about 18-22*C . The
results are presented in the %Oa ph of Figure 8 show ng the changes in the

nRNA speci es. IRDRBnoRsg S hyre ReaRhs sapalnsﬁaaﬁws%@é@resm%m Hee bl ood
gitll&' Et%'?f’édltgh 1%%%%} %Pé’%&ﬁ&%thgﬁ gl ood sanpl e

‘sanpl e exhi bi tﬁq fj
stabilized wt yfﬁ%‘t i gure oW ng anges in the

amount of IL- species in the blood samples. The samples were analyzed by standard

"

procedures for measuring the amount of the mRNA species
i_mrnediately_ after collection of the blood _sami:)les to establish a base.
line. o | o | | ' |
[0088] “The samples were stored at room temperature and analyzed _
at 4 hours, 8 hours, 24 hours, 3 days and 5 days. Figure 6 shows the
amount of the mRNA species in the_.blOod sa_rnp_le mixed with EDTA, -
. after storage for 5 day,s as _meaSUrerl_by-thé change'frorri the base line.
- The s'peciﬁc mRNA spécies measured are-i-den.tiﬁed in the bottom
portlon of the graph along the horizontal axis. The vertical axis
1ndlcates the change in the amount of the mRNA species and
measured in changes by orders of magnltude As shown in F1gure 6
several mRNA species exhibited httle or no change after 5 days, while
certam other mRNA spec1es exhxblted 31gn1ﬂcant increases or .
decreases The mcreases are understood to be the result of gene
induction while the decreases are the result of degradation.
[0089] The graph of Figure 7 shows the changes in the amount of
IL-8 and IL- 10 transcripts for the blood sample stabilized with EDTA.

The amount of the transcripts were measured at 4 hours, 8 hours, 24



8 nNRNA and IL- 10 nRNA over five days when neasured at hours, 8 hours, 24
hours, 3 days and 5 days. The data denonstrate only very small changes in
the IL-8 nRNA. | evel conpared. to the very significant changes in the EDTA
whol e bl ood sanpl es described in Figure 7. The anount of IL- 100

shown to exhibit a gradual increase after. five days, whereas very
significant changes had been determ ned B2 the EDTA whol e bl ood sanpl es
(Figure 7). 0 6 MAY 2005 -33 (0092] Wil e various enbodi ments have been
chosen to denonstrate the invention, it will be understood by those skilled

i th t t i rgggi i I it i t hout
ngpar t ?ngrf ro%%ﬁsq;gcgggso E;&%\évggt% ng%agg%’le dlhgggr %ﬁ%ggrggggn%%d o
clains, 0 6 MMWhARALthYbatonst el dlEthRISA reAsnappahatdsnply ireethssd hng a

bi ol ogi cal sanpl e, said apparatus conprising: a container defining an
-i'nternal chanbieadgn@te dirgsg the diresthntccadavpes enesulssf gengtiagialioshanber

121110 3, PSS e LB NIRRT o LGSR AL L RNLDS, B BESUELST ™

. g .
vol une of said ol'ogli Ca | eas

nucl ei c acid s{rabil-no MR ICHEWE BedbtehBé Rluidh g tEeTirat figfed Aapd anount
effective to stabilize and prevent nucleic acid degradation in said

bi ol ogi cal sanpllevwgideby ssaingllaindreast abdey 3rabipdxidity dgedt. Thaplitses a

cationic detergent, .2..The a ratus o | ai ..wherein sai d biplogical
Sarple | s ahol ensE it gaPE g diddns tutie ahalaniity o & Mo dSaBbl SHBE: one
stabi lizing aggnfodip RnpERONS with PR, and said at |east one stabilizing
agent further conprises ‘a conponent. selected fromthe group .consisting of

chaot r opi ¢ sal [@090§ bdinechemsktdst ivaprpler sta biliwscawiitiy aagenpesitiamdori xt ur es

t hereof, and rein L d ueous solutio f said stabilizing agent has a
b of about  pHET TSI HRCSR ST RonE SEHaraeRe G iene S wi e Reda) o
aqueous sol uti pArhaRaRIPHIRS: @NRME PH Pl e o A9sity 5f AlDEMRRRAT at us of

claim 3, wherein said agueous solution has a pH of "about”™ pH 3 to about pH 8.
6. The appar at-spe@fs elrai asi@blishea dasedaid dhel sanplenwest abialyzzidnggagent i s
~included | n an ATPLed gays where the samples were stored at room temperature
| '_-(abdut 18-22°C). The results are presented in the grép'h of Figure 8
showing the ‘c'han'ges in the.mR.N.A SPCCiéS. As demonstrated by thése _'
B (Itla-fa,-' the mRNA. species in the biood sample ,exh,ibiteci signi_ﬂcantly :
smaller changes compared to the blood samp'le-,-stabilizqd‘with‘ EDTA. o
'[0091] Figure '9-is_'a- graph showing the changes in the amount of IL-
- 8 fnRNA aﬁd IL-10 mRNA over Iﬁve days when meas;ured at 4-'hdui-‘s, 8
- hours, 24 hours, 3 days and 5 days. The data démonstrété only very
~small changes 1n the IL-8 mRNA _Ievel'_éox_ﬁp's;red, to the‘ vély sigh‘iﬁcant
changes in the EDTA whole blood samples described in Figure 7. The
amount of IL-10 mRNA isl_sh'own to exhibit a gradual increase after. |
ﬁve_ days, 'whefeas Véry'signiﬁ_cant changes had'b_een'deter_rhinéd in
the EDTA whole blood samples (Figure 7).



| yse cells in said biological sanple. 7. The apparatus of claim6, wherein
said at | east one stabilizing agent |yses reticulocytes, bacteria, red

bl ood cells, white blood cells, and viruses 8. The apparatus of claim 3,
wherein said at | east one stabilizing agent is included in an anount
effective to prevent gene induction in said biological sanple. 9. OhMAY 2003
apparatus of claim3, wherein said chaotropic salt is selected fromthe
group consi sting of guanidiniumisocyana8e -and guani di ni um hydrochl ori de.
10. The apparatus of claim 3, wherein said ribanucl ease inhibitor is
placental RNAse inhibitor protein. 11. The apparatus of claim1, wherein
sai d at | east (@992pt abhhleziH8@gettbiidend e Wenebatn fighae YR sub. 1
R-sub.2 R sub.3 R sub.4 X wherein Y is nitrogen or phosphorous; R sub.1,

R sub.2, R sudeﬁunandam%thﬁnnwcmnanlnd@pﬁdﬁenmhwrsﬁkmbbpdhbs©ﬁkﬂhﬁiguoup
conS|st|ng of bran hed al.k branched ,a ub,6 -C.sub-20 aryl,
and C sub 6 - E1Sd0. BB° LY ATIRYF AT CAIIE SR IHONEAATTHE AgRaraLoo
claimll, wheye gareﬁag%nﬁﬂ B 9 RELEA Eh I B4 RS WBWR GORSE %%J Rl
phosphate, sulf ormate, acetate, propionate, oxal ate, ate,

succi nate, citltatmes. bronmide and chloride. 13. The apparatus of claim 11,
wherein Y is nitrogen and said at |east one stabilizing agent is a
guaternary am ne. 14. The apparatus of claim 11, wherein said R sub.1 is an
al kyl having 12,14, or 16 carbon atons _3S 0 6 MAY 20 and R sub. 2,

R sub, 3, and R sub.4 are nethyl. 15. The apparatus of claim 11, wherein said
at | east one stabilizing agent further conprises at |east one proton donor
in an effective anount to stabilize nucleic acids in said sanple. 16. The -
apparatus of claim 15, wherein said proton donor is selected fromthe group
consisting of alkenyl carboxylic acids, C sub.2 -C sub.6 aliphatic nono-
and di carboxylic acids, aliphatic ketodicarboxylic acids, am no acids,

m neral acids and m xtures thereof 17. The apparatus of claim 15, wherein
said at | east one proton donor is a carboxylic acid. 18. The .apparatus of
claim 17, wherein said at |east one proton. donor is selected fromthe group
consisting of acetic acid, propionlc acid, n-butanoic acid, n-pentanoic

aci d,” i sopentanoic aci-d, 2- nethylbutan0|c acid, 2,2 dlnethylproplonlc aci d,
n- hexanoi ¢ acid, n-octanoic acid, n- deran0|c aC|d



dodecanoi ¢ acid, nethacrylic acid, butenoic acid, isobutenoic acid, tartaric
acid and malic acid. 19. The apparatus of claim 17, wherein said at |east
one proton donor is tartaric acid. 20, The apparatus of claim1, Wﬂﬁﬁﬁ%?%ﬁ
said at | east one stabilizing agent34s tetradecyltrlnmethyl ammoni

oxalate. 21. A nethod of stabilizing nucleic acids in a biological sanple
conprﬂﬂﬁﬁﬁ}&ﬂﬂ&ﬂgﬁﬁps of . providing a sanple collection container having a

si de bot t om def.i ni.n nt ernal chanber, . said contai ner
cont aﬁn@pae9%83‘ag%°"8%19@}@?189leao*éemd “SFABEPPIPHOHGBIAEn an amunt
sufficient. to, st.abi ]a ucleic.acid d gdat on. of

b of G RS an| %m Beukpsija E’FE”F Cigsingger S ﬁnﬂ Banf
cati i eAT TS t'B‘P?P T R TB I PO Rl gl sy
patie ?log RS ed“é%' 1l ﬁ@?r i mmedi ately m xing said biol ogical sarrpl e
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f cI a ent s an aq
medi um a ere | eas e stab| I [ 2| ng agent further corrprl ses a

co ropic salts,

ri gg%?lq%a ?’gfltfa@?? &ﬁlﬁe|ﬁ§9#dab[olgﬁéﬁ‘séﬁqblggsd@ﬁ%algtﬂ Ej(rags !to Ihereof 23 The
met hogl 19 4 c|am¢rﬁmé} ﬁ%‘al‘i’l éﬁe stQJ?l?m hi isZh rgomten 8nd
cat i Ofjifatd abifdih Qgentt hgﬁ&ﬁﬁ& Q'cBMban éllaI ed fBMSHE gfouB-coHdlstifig

R suby, f‘bh%otrdfﬁﬁa% Wub%nbéeé&etlﬁm&%ﬂs %hel@ﬂ%éﬁfsoﬂﬁd nﬁt@rﬂ@th%red? é"rHQvl%-relr'RsﬁH
and Paq%eeuésowtenIo@gaeefs@m&hgﬁgaﬂlhegb éfra‘BHhttdWZHféblﬁut ARSI sting of
branched al kyl, non-branched al kyl su -C.sub. 20 aryl, and C. sub.6

- C. sub.13€ appavakislor cRM 3, whdrsin2Bidauesus s%ﬂ}tloﬂ_ has apHdbedt pH 2idakdat pherein X

Is selected fromthe group consisting of phosphate, sulfate, fornmate,

acet ag erheRippAaRRIF Elain®3 Avitdrein saRll A8HE soflltieh hBeh @H dfiabbatp® 3 Rfﬂdﬁud?ﬂ and
chloride. 25. The nethod of claim 23, wherein said R sub.1 is an al ky

havi ng Tha,appdratuarof kint 3/ Witsteiaisaititat i€t orfd stalillizhg deptil intludatth & ambunt tar e
met hylyse &fis inléuid bielobiedl sainptd. ai m 23, wherein Y is nitrogen. -84- 0 6 MAY 2005
27. The nmethod of claim 23, wherein said at | east one stabilizing agent
f ur t herTheapparatsf alkinh 8 asiiersin@aidpzt Giashordostabilidzmy ayentilyfesotticdocgtes Uivdctdria,
st abi led bimod welle mbita biods celis, sad drusasipl e, 28. The net hod of claim 23, wherein
said at | east one proton donor is selected fromthe group

8. The apparatus of claim 3, wherein said at least one stabilizing agent is included in an amount

effective to prevent gene induction in said biological sample.

9. The apparatus of claim 3, wherein said chaotropic salt is selected from the group consisting of
guanidinium isocyanate and guanidinium hydrochloride.

10. The apparatus of claim 3, wherein said ribonuclease inhibitor is placental RNAse inhibitor protein.
11. The apparatus of claim 1, wherein said at least one stabilizing agent has the general formula
YR.sub.1 R.sub.2 R.sub.3 Risub.4 X

wherein Y is nitrogen or phosphorous;

R.sub.1, R.sub.2, R.sub.3, and R.sub.4 are independently sefected from the group consisting of
branched alkyl, non-branched alkyl, C.sub.6 -C.sub.20 aryl, and C.sub.6 -C.sub.26 aralkyl; and

X is an anijon.

12. The apparatus of claim 11, wherein X is an anion selected from the group consisting of
phosphate, sulfate, formate, acetate, propionate, oxalate, malonate, succinate, citrate, bromide and
chloride.

13. The apparatus of claim 11, wherein Y is nitrogen and said at least one stabilizing agent is a
quaternary amine.

14, The apparatus of claim 11, wherein said R.sub.1 is an alkyl having 12, 14, or 16 carbon atoms



consi sting of al kenyl Garboxylic acids, C. sub.2 -Csub.6 aliphatic nono- and
di carboxylic acids, aliphatic ketodicarboxylic acids, am no acids, m neral
acids and mixtures thereof. 29. The_ggthod of claim 22, wherein i Biagagous
medi um has a pH of about pH 3 to about pH 8- 30. The nethod of claim 22,
wherein said chaotrople salt is sel ected fromthe group consisting of

guam%drﬁﬁﬁ‘ﬁ?é%ﬁlﬁ? %@F‘Qrﬁ*ﬁ@ “4A® B8Hi cl i ni urn hydrochl oride. 31. The nethod

pf h'Clo %22 vvhere r| bonucl e .i nhi bi t'g'r“ﬁ/i‘i‘g? I ace tca'l'r‘EBR?ﬁNé%?}Fé’Pt ]
i nhi WEI%F‘ES as
an in?r?r‘ﬁ P'é%ré f’%e€%§'§e?W8H”t§%§?§wﬁ%PV%elcﬁ?'gi’élﬁa SA%'® met hod corrprl si ng

redetuer ned une of Sao'td cl? he (}!I rect I% &I 0 said
Contol8 é d% BTt
e 01 |l onr% @) tll
st ablﬁeto mlno é I g ﬁd [yt ES Ogl cal

sanpl e 7Y 00 an sal 8 conpri ses qu[ hdraW| ng said whol e

bl ood fj‘ﬂ?laﬁ%gr ngqoiacl?ﬂ]i ? Whe?é?ﬁjsél Bgé’c%'ng rcﬁgn g%rYé‘%??é fcé)rl:;&g@n?éarml €

di recl n onta east Sta I'zing a I'n said

sanpl | s in
oai d ﬁa‘?ﬁﬁ?\g{én’a 8 oF 04 J;erér?séléf gfrﬁﬁ}ﬁci? ?]Sin goipid %&é&été@ijgérﬁlt& gfr b%l ogi cal
Sa”plnene’ﬂh &E 8? i??\ét prdbiBHi aﬁﬁnﬁ hekdnd d n! o% n c néFamlc acid,

co a &rylit BeRe t5Rdi€Seid, i 88HK c%cfboféﬁﬁﬂ& Eéﬁﬁ%ﬁ?l i@SER, Serum

ur| ne, one rrarrow asp| rates, tilssue, an cerebr spi nal 35. The

met hofb.%e‘étaﬁ‘érﬁﬂug%fclﬂfﬂ?‘iﬁ'vme%h dajdtat le8&he PRStoS HERr ! |étéhﬁr%é’c9c?”t Is i ncl uded

I n an anoun I nhibit 'gene induction in said biological sanple. 36. A

et hogh qhe GpparaGs oNai ¥l vHerdlh khidiah @ast IMakDilRINYAeRBE R tRdeS ety hOd

conprifmimBlium dxarRwd. di ng a sanpl e collection container having a side wall, a

bottomwall and a closure nenber formng an internal chanber, said

cont 2N meRsH esdtallizy RicleRchdidsin arw |0£Eamﬂle®ﬁﬁ©ﬂ§ﬁ?§@aé¢m or

di spersion of a proton donor and a nucleic acid stabilizing agent to

st abi prodiging aGampRSEAI¥Rion dehtaIngr hadlrigssidewall, \shalaehoktb@aikfisiagrh tntermal chambegr nal

chanbedid banaing con@iiig & [daR56nd hateicadiad stabitfihg agent asauaRourdRdfficiehl teGtdbilige a

whol earal prevkns angidie adt Hegtabiztidnrad gnid bidgdicahsarhpit @ng aindrecsdid sidéaghBne sabilizingr

and nagentcoregists alehtiortc detembet; wnid h said stabilizing agent to forma stable

whol e bl ood sanple. 37. The nethod of claim 36, wherein said closure nenber

I s a cdipttingzahiclogieal dampkhtirciyoingmn B patent nte said wgntsmedarskipinediately midng saidiul a

and i itlbgidal samglesgithdsaidhat [eadh bo® stabilizing egdnit taofogh astahilized binldgical sambmwe sad d

col | estbstantialy pravienemucled8acid egraddtiood of cl ai m 36, wherein said stabilizing

agent is selected fromthe group consisting of cationic conpounds,

det er 2 ihs meathmaonf claim @1 swiharsin seidd mast eresstabilizingrgeot is anclqebauts medisgends, and
where said at least one stabilizing agent further comprises a component selected from the group
consisting of chaotropic salts, ribonuclease inhibitors, chelating agents, and mixtures thereof.

23. The method of claim 22, wherein said at least one stabilizing agent is a cationic compound having
the general formula

YR.sub.1 R.sub.2 R.sub.3 R.sub.4 X
wherein Y is nitrogen or phosphorous;

R.sub.1, R.sub.2, R.sub.3, and R.sub.4 are independently selected from the group consisting of
branched alkyl, non-branched alkyl, C.sub.6 -C.sub.20 aryl, and C.sub.8 -C.sub.26 aralkyl; and

X is an anion.

24. The method of claim 23, wherein X is selected from the group consisting of phosphate, sulfate,
formate, acetate, propionate, oxalate, malonate, succinate, citrate, bromide and chloride.

25. The method of claim 23, wherein said R.sub.1 is an alkyl having 12, 14, or 16 carbon atoms and
R.sub.2, R.sub.3, and R.sub.4 are methyl.

26. The method of claim 23, wherein Y is nitrogen.



m xtures thereof, and wherein said aqueous solution or dispersion has a pH
of about pH 2 to about pH 12. 39. The nethod of claim 38, wherein said
stabilizing agent has the general fgQrnula YR sub.1l R sub.2 R SUbﬂﬁﬁﬂ’ﬁ%ﬁS- 4
X wherein Y is nitrogen or phosphorous .??- 0 6 MM 2005 R sub. 1, R-sub."2,
R sub. 3, and R sub.4 are independently selected fromthe group consisting of
br ancHedhameiiod ¢i 5iaing 23 Hufrsein spihat le gfoﬁt@?'uzmgsag?n‘fzf@ﬂa?mompé'ﬁﬁﬁ %t laqph oge
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-C. s nono- a yl'ic acids, aliphatic ketodicarboxylic

aci d531..armeH%trgo%icﬁ%rajrﬂb?%ﬁéreiﬁ%%ﬂsrib%ﬁ&'ciégs’éﬁr%[itﬁt%rFs;lﬂ’éc%ﬂh Rithse MhidBPALRHS for
col l ecting a birologlcal’ sanpl e, sard apparatus cadnprising: a contalner
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said @%ﬁ%@éﬁs arkPtabiliRhuRleicSRidd i &R Wnod BiébPgpiple has a pH of about pH 2 to
about pH 12. 46. The apparatus of claim 44, wherein said at |east one
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35. The method of claim 21, wherein said at [east one stabilizing agent is included in an amount to
inhibit gene induction in said biological sample.

36. A method of collecting and stabilizing a whole blood sample, said method comprising:

providing a sample collection container having a side wall, a bottom wall and a closure member
forming an internal chamber, said container enclosing an effective amount of an aqueous solution or
dispersion of a proton donor and a nucleic acid stabilizing agent to stabilize and preserve nucleic
acids in a whole blood sample, said internal chamber having pressure less than atmospheric
pressure; and

collecting a whole blood sample directly from a patient into said collection container and mixing said
blood sample with said stabilizing agent to form a stable whole blood sample.

37. The method of claim 36, wherein said closure member is a septum and said method comprises
piercing said septum with a cannula and introducing said whole blood sample through said cannula
into said collection container.

38. The method of claim 36, wherein said stabilizing agent is selected from the group consisting of
cationic compounds, detergents, chaotropic salts, ribonuclease inhibitors, chelating agents, and
mixtures thereof, and wherein said aqueous solution or dispersion has a pH of about pH 2 to about pH
12.

39. The method of claim 38, wherein said stabilizing agent has the general formula

YR.sub.1 R.sub.2 R.sub.3 R.sub.4 X

wherein Y is nitrogen or phosphorous



branched al kyl, non-branched al kyl, C-sub.6 -C. sub.20 aryl, and C. sub.6

-C.sub.26 aralkyl; and X is an anion. 47. A nethod of stabilizing a

bi ol ogi cal sanple conprising the sifps of: providing a sanple cofj§émy il

contai ner having an internal chanber, said container containing a proton

donor_and at | east one stabilizing agent I n an anount sufficient to
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said container and mxing said biological sanple with said at |east one
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of acetic i oni c aci ut anoil ¢ aC| , n pentan0|c acid,
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n- hexanol c oct anoi c ac n- decanol ¢ aci d odecanoi ¢ aci d,

gg;[ ha&&dﬂtélﬁeﬁf‘e‘flﬁmg BHGREBPLCcHARILEY, ah&%%ﬁfé%lé‘slﬁbcéﬁj@pénaéﬁdaéh& acid, and malic

a proton donor and at least one stabilizing agent contained within said container in an amount
effective to stabilize and preserve said biolegical sample.

45. The apparatus of claim 44, wherein said at least one stabilizing agent is an aqueous solution of a
stabilizing agent selected from the group consisting of cationic compounds, detergents, chaotropic
salts, ribonuclease inhibitors, chelating agents, and mixtures thereof, and wherein said aqueous
solution of said stabilizing agent has a pH of about pH 2 to about pH 12.

46. The apparatus of claim 44, wherein said at least one stabilizing agent has the general formula
YR.sub.1 R.sub.2 R.sub.3 R.sub.4 X
wherein Y is nitrogen or phosphorous;

R.sub.1, R.sub.2, R.sub.3, and R.sub.4 are independently selected from the group consisting of
branched alkyl, non-branched alkyi, C.sub.6 -C.sub.20 aryl, and C.sub.8 -C.sub.26 aralkyl; and

X is an anion.
47. A method of stabilizing a biological sample comprising the steps of

providing a sample collection container having an internal chamber, said container containing a proton
donor and at least one stabilizing agent in an amount sufficient to stabilize and preserve a biological
sample; and

obtaining a biological sample and immediately thereafter introducing said bioclogical sample into said
container and mixing said biological sample with said at least one stabilizing agent to form a stabilized
biological sample.

48. The method of claim 47, wherein said at least one stabilizing agent is in an agueous medium
containing a component selected from the group consisting of cationic compounds, detergents,
chaotropic salts, ribonuclease inhibitors, chelating agents, and mixtures thereof.
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49, The method of claim 47, wherein said at least one stabilizing agent is a cationic compound having
the general formula

YR.sub.1 R.sub.2 R.sub.3 R.sub.4 X
wherein Y is nitrogen or phosphorous;

R.sub.1, R.sub.2, R.sub.3, and R.sub.4 are independently selected from the group consisting of
branched alkyl, non-branched alkyl, C.sub.6 -C.sub.20 aryl, and C.sub.6 -C.sub.26 aralkyi; and

X is an anion,

50, The method of claim 49, wherein X is selected from the group consisting of phosphate, sulfate,
formate, acetate, propionate, oxalate, malonate, succinate, citrate, bromide and chloride.

51. The method of claim 47, wherein said proton donor is selected from the group consisting of acetic
acid, propionic acid, n-butanoic acid, n-pentanoic acid, isopentancic acid, 2-methylbutanocic acid, 2,2
dimethylpropionic acid, n-hexanoic acid, n-octanoi¢ acid, n-decanoic acid, dodecanoic acid,
methacrylic acid, buienoic acid, isobutenoic acid, tartaric acid, and malic acid.



