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4 Resaults

4.1 Isolation and characterisation of the MUC2 promoter

4.1.1 MUC25 region containing lambda clone

For the andyss of the regulation of MUC2 expresson the regulatory segquences
were recovered from the genomic library. Lambda Zap human genomic library (Clontech)
was screened with PCR based method, using primers MUC2F15 and MUC2R13 which
amplified 225bp fragment from the second exon of MUC2. Each round of screening
results in 64 fold enrichment of the phage population with the clone which contained the
second exon of MUC2 and, presumably the promoter region. After 3 sequentid rounds of
PCR screening, obtained phage population was screened in the usud way on the agar
plate. Severa positive plagues were picked up, tested in PCR and used for the preparation

of the high titer sock. One clone, contaning MUC2 sequence, named | MUC2G was

selected for the further andysis.

Mapping of the obtained | MUC2G clone was done by redtriction andyss with the

following hybridisation. | MUC2G DNA was digested with following combinations of
enzymes. EcoRI, BamHI, Xhol, EcoRI + BamHI, EcoRI + Xhol and BamHI + Xhol.
Obtained digests were separated on 0.8% agarose (Fig. 5 A, C) and analysed by Southern
blot with probes. 1-30 bp (Fig. 5 B) and 115-339 bp (amplimer obtained with primers
MUC2F15 and MUC2R13) (Fig. 5 D). Hybridisation with the probe 1-30 bp revealed the
fragment of about 900 bp in the case of digestion with BamHI, BamHI + EcoRI and

BamHI + Xhol (Fig 5 B, Lanes 3, 4, 5), indicating tha there are no redriction Stes for
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EcoRI and Xhol within 900 bp fragment flanked with BamHI Stes. Digestion with EcoRl
+ Xhol and Xhol yielded fragments of 5 kb in size (Fig. 5 B, Lanes 2, 6), indicating that
above mentioned BamHI fragment is located within 5 kb fragment flanked with Xhol
redriction gtes. Digestion with EcoRI only yidded the fragment of more than 15 kb (Fig
5 B, Lane 1). Hybridisation with the probe 115-339 bp showed the same fragments for
Xhol and EcoRI digesion (Fig 5 D, Lanes 1, 6). Digesions with BamHI, BamHI +
EcoRl, BamHI + Xhol and EcoRl + Xhol reveded fragments of 3.2 kb, 3.1 kb, 2.9 kb

and 2.8 kb respectively (Fig. 5D, Lanes 2, 3, 4, 5).

Taken dl together data of redtriction mapping and hybridisation lead to presented
on the Fgure 6 Sructure of the clone. | MUC2G clone contains 15 kb insert cloned
between two Xhol stesin | EMBL3 vector. It contains about 5 kb of the promoter region
of MUC2 gene. The andlysed region of the transcribed sequences comprises first 3 exons
with the sizes of about 100 bp, 600 bp and 200 bp. Exons were separated with introns

with sizes of about 800 bp and 2.5 kb.



4 Results 56

A B
M 123 456 M 12 3 456
5.0 = — -
4.0=
3.0
15—
1.0= > o -
C D
M 12 3 456 M 12 3 456

i

Bl
[

PN WA 0
o oo o
I

Figure 5. Restriction analysis of the | MUC2G clone. A: Ethidium bromide staining
of the gel with separated fragments of | MUC2G clone digestion. B: Hybridisation of the
membrane obtained after blotting of gel A with the probe 1-30 bp. C: Ethidium bromide
staining of the gel with separated fragments of | MUC2G clone digestion. D:
Hybridisation of the membrane obtained after blotting of gel A with the probe 115-339
bp. 1 — digestion with EcoRI, 2 — digestion with EcoRl and BamHI, 3 — digestion with
BamHI, 4 — digestion with BamHI and Xhol, 5 — digestion with BamHI and EcoRl, 6 —

digestion with Xhol.
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Figure 6. Structure of | MUC2G clone. Filled circle indicates the position of the
probe used for hybridisation in figure 5B and opened circle indicates the position of the

probe used for hybridisation in figure 5D.

For further andyss of MUC2 regulatory sequences the resources of German Human
Genome project were used. Basng on the fact thaa MUC2 gene is located on the
chromosome 11 [100], the genomic library L4/FS11 specific for this chromosome was
ordered. The library was supplied by the Resource Centre (Berlin, Germany) in the form
of high dengty filter aray, contaning gpproximately 36864 indeperdent clones. The
obtained filter array was hybridised with the 900 bp fragment, containing the part of
MUC2 promoter and the firs exon of the gene. Hybridisation reveded two strongly
postive clones and severd clones which were hybridised with much lower efficiency
(Fig. 7A). Two strongest hybridised clones were ordered from the Resource Centre. The
obtained clones were: ICRFc107D0463D1 and ICRFc107F0952D1. Andyss of the
cones was done by redriction digestion with following hybridisaion with MUC2
promoter probe. Cosmid DNA was isolated using the protocol for plasmid isolation.
Obtained DNA (1ug) was digested with Xhol (Fig 7B, Lanes 1, 2), EcoRI (Fig 7B, Lanes

3, 4) and BamHI (Fig 7B, Lanes 5, 6) redtriction enzymes. Digestion showed that the tota
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sze of ether insert is more than 50 kb. Therefore for the identification of MUC2
promoter containing fragment Southern blot hybridisation was used. Gel was blotted on
the Nylon membrane and hybridised with MUC2 promoter probe. Hybridisation reveded
900 bp fragments after BamHI digestion in both clones (Fig 7C, Lanes 5, 6), and
fragments with the sze more then 10 kb after digestion with EcoRI or Xhol (Fig 7C,
Lanes 1, 2, 3, 4). Since the data of | MUC2G andysis, indicated that there is a Xhol
regriction Ste 1 kb upsiream the transcription start, it can be concluded that the obtained
clones contain a least 9 kb of the promoter region of MUC2 gene. However dl further
andyss was focused on the firg 500 bp of the promoter region which contains al

essentia promoter elements according to the report of Gum et d [101].



4 Results 59

A
L]
|
> @
o
»\
»!
i
B C
M 123456 M 123456
kb .‘.. o —-—
10.0 ™= -l
6.0 ==l
- ——
30 =
2.0 — [f- e
1Lo= e

Figure 7. Screening of the library on the high densty filter and andyss of the obtained
clones. A: A fragment of high dengty filter, containing L4/FS11 library, hybridised with
900 bp MUC2 probe. Big arowheads indicate true podtive clones, smal arowheads
indicate severd fdse podtive clones B: Ethidium bromide daning of the gd with
separated fragments of the obtained clones 1 - Xhol digestion of ICRFc107D0463D1
clone, 2 — Xhol digestion of ICRFc107F0952D1 clone, 3 — EcoRI digesion of
ICRFc107D0463D1 clone, 4 — EcoRI digestion of ICRFc107F0952D1 clone, 5 — BamHI
digestion of ICRFc107D0463D1 clone, 6 — BamHI digestion of ICRFc107F0952D1
clone. C. Hybridisation of the filter obtained after blotting of gd, with MUC2 900 bp

probe.
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4.1.2 Sequencing and analysis of the promoter region

For detalled andyss and sequencing two fragments of | MUC2G insert were
subcloned. | MUC2G was digested with BamHI and 900 bp fragment was subcloned in
BamHI gte in pBluescript KS vector and named pBSMUC2.1 (Fig 8), it contained about
500 bp of the promoter region sequence. Second fragment of 5 kb was cut out and cloned

in pBluescript KS usng Xhol enzyme, the obtained plasmid was named pBSMUC2.2

(Fig 8), it contained about 4.5 kb of the promoter region sequence.
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Figure 8. Subcloning of MUC2 promoter sequences in pBluescript vector.
pBSMUC2.2: MUC2 DNA fragment was cut out of | MUC2G with Xhol restriction
enzyme and was cloned within the same site in pBluescript SK vector; insert size is about

5 kb. pPBSMIUC2.1: MUC2 DNA fragment was cut out with BamHI and cloned within the

same site in pBluescript K vector; insert size is about 900 bp.
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The insart in pPBSMUC2.1 was sequenced completely using dyedideoxynucleotide
cycle sequencing procedure. Sequencing was performed a least two times in both
directions. Obtained sequences were assembled in one contig usng SEQ program group
on the GENIUS server in EMBL (geniusembnet.embl-heidelberg.de) (Fig. 9) and

produced a 930 bp sequence (Fig. 10).
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Figure 9. Sequencing of the pBSMUC2.1 clone

Alignment of the obtained sequence with known cDNA sequence of MUC2 gene
(Acc # L21998) showed that firs exon is 103 bp long and the nuclectide 1 of cDNA
corresponds to nucleotide 498 of the obtained sequence. At 3 end of the first exon
standard intron donor junction sequence AGGTGAGA was found. In the cDNA sequence
the intron junction sequence AGG was found in the pogtion 102 - 104. Obtained
promoter sequence showed 100% homology to Smultaneoudy published sequences of
MUC2 promoter (Acc. # U67167 [101] and U68061 [102]). Computer andyss of the
obtained sequence with the program MOTIF FINDER on GENIUS server reveded the
presence of al typica promoter dements: TATA box (29 - -24), CAAT dement (147 —
144), binding Ste for Spl (-349 —344), AP2 (-71 —64; -297 -290) and AP1 (-324 -321) as

wedl as CACCC box described by Gum et d [101] (Fig. 10). Plasmid pBSMUC2.2 was



4 Results 62

sequenced partidly and reveded (ATCC)n microsatdlite a the 5 end of the insert, as

described dso by Vecich et d [102].

BanH
-497
GGATOOCACA TOCTCOCTGC COCTOGEGAGAG GOOCCTTTCT GEGGTCAGAC CTGGAAGCTG OOCCAGAGCT TGEGOOUCAG GAATGRGTTG

-407
GTCCTOOCAG OGTAACGTGA GOCTGATCAG GOCTGEGEGAC CTGCTCAGOG GGTGTCTGEG GEOOCATGRC GEGECTAAGGA GOCTGACCAG
Spl AP1
-317 Hoal | Hoal |
ACTTGCTTCT GACAGEACAC COCTCOCEOG GOCACCCT@G GCTOROCCCT CTAGTAGCTG CATGTGTTCC QOGGGTGTGT GTTGGCATTC

-227 AP2

AGGCTACAGG GCTGOCTCAT CCTGAAGAAG GCTGOGITTA OOCAGEGAGC CATAAAGAGA TGACCTOCGA TAACCTGAAT CAATATTTCC
CAAT el enent
-137
CCATTGEE3C TOBEE0000C GCAGCTGICT TCTTGATCAT CTG3CAGATG CCACACOCAC CCTTGEOOCT COOCTGOCTT CCTGOOCTCC
AP2
-47 Hpall 1
TAQCCTCCTG CCAGGACATA TAAGGACCAG ACC(IZTG(IIZQIIIXJG‘AA(ZCFACA(I:GCCCCTGI‘AGC CACCATGE3G CTGOCACTAG
TATA box [ —
44 AP2 103
OOOBCCTA3C GECTGTGIAC CTG30CCTGT C CXI)ACBGXI:TC&BAGCTCIAGACAGGTGAGAGK{:AGM‘ACAGX}GTCTGXI{ZC
Spl
134

TGGECAGAGIG TCCTGEEEEC AGEE0GAGEC GEE0CEECAA GTOGOGICTG GGAGGAGGAG CTGGTCOCAG AGTGCAGCCT G0B0GXCTCT

224 Hpal | Hpal |
GCTGAGACTC CTGRECOOEGG TTGGTOOCTG GAAGDCODOG GOOCTGCTGA CTTTCAAGGA GCTGGAAGGT OGREACTCOC CTGCTATTCC

314
TTTG3EGTTG ACTGOOOGAC GACAGIGTGG GICTTGEEEC CAGCACCAGG TGEAAACAGC AGGTCAGEOC CCAGIGAACT GGGTCATTGT

51
404 BagH
CCATAGEGGA GGAAGEGGTG GOCAGEATCC

Figure 10. Sequence of the insert of pBSVUC2.1. Promoter elements and
transcription factor binding sites are underlined. Hpall restriction sites are double

underlined. Exon sequence is boxed.

4.1.3 Analysis of the regulation of the MUC2 promoter
To andyse the promoter ectivity in different cdl lines luciferase reporter system was

used. To generate the reporter plasmid MUC2 promoter sequence was amplified with
primers MUC2F23 and MUC2R23 yidding 519 bp amplimer, comprisng nucleotides
from —493 to +26 of MUC2 genomic sequence. Obtained fragment contained BamHI
redriction Ste on 5 end and Hindlll redriction Ste on 3 end was introduced by PCR.
Obtained amplimer was digested with BamHI and Hindlll and cloned in pGL3basic

vector upstream of the luciferase gene between Bglll and Hind Il stes (Fig. 11). During
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the doning BamHI ste from the insert and Bglll Ste from the vector were destroyed. The
plasmid was named pGLMUC2p To check the sze of the insat the digestion with
resriction endonucleases Hindlll and Mlul was used resulting in cutting out of the
promoter sequences. The absence of the mutations possbly introduced by Tag

polymerase was confirmed by sequencing.

Amp

upstream poly(A)

MUC2 promoter
-493 +26

pGLMUC2p
5,3kb

Hindlll

SV40 late poly(A)

luc

Figure 11. Map of the pPGLMUC2p reporter plasmid.

Obtained plasmid was transfected into cdl lines with different levds of MUC2
expresson to andlyse if these cdl lines differ in the expresson of any transcription factor,
potentidly respongble for the differences in the level of MUC2 expresson. Two cdl
lines were sdected: HT 29 — low MUC2 expressing cdl line and LS 174T — a mucinous
cdl line with a high levd of MUC2 expresson. The difference of endogenous MUC2
expresson in these two cdl lines was previoudy determined by Northern blot and was
found to be about 10 timed higher in LS 174T. The results of luciferase measurement

were normalised to b-gdactosdase activity. Surprisngly, the difference in  promoter
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activity in these two cdl lines andysed in the reporter systlem agppeared to be much lower,
than the difference in the activity of the endogenous MUC2 promoter, namely of about 2

fold (Fig. 13).

These results suggested that the promoter sequence is not enough for the regulation of
MUC2 gene expresson, indicating the presence of the additiond mechaniams
influencing the promoter activity. It was described previoudy, that tissue-specific gene
expresson may be regulated by tissue-specific enhancers. The property of the enhancer
sequences is ther ability to influence the activity of the promoter in podtion and
orientation-independent manner  [103].  Therefore the possbility of the presence of

enhancers within the exons of MUC2 gene was considered.

To test this hypothesis the first intron sequences were amplified with MUC2F20 and
MUC2R15 primers from the first and second exons respectively. The obtained amplimer
of about 1300 bp containing fragments of firg and second exons and the complete firgt
intron was cdoned in pCRII doning vector usng TA cdoning sysem and then subcloned

in pGLMUC2p between BamHI and Sall redtriction Sites (Fig. 12).
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Figure 12. Map of the pGLMUC2pI 1 plasmid.

The obtained plasmid named pGLMUC2pl1 was transfected into HT 29 and LS 174T cdl
lines. For the assessment of the trandection efficiency the pSVR-gd plaamid was
cotrandfected. The measurement of the luciferase activity showed that addition of the
intron sequences in the reporter plasmid had only weak negative effect. The expresson of
the reporter gene from pGLMUC2pl1 was about 50% lower then from pGLMUC2p for
both cdl lines (Fig 13) indicating that the intron sequence contain no enhancers which
can differently influence the activity of MUC2 promoter in different cdl lines but may

contain only aweak suppressor dement.
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Figure 13. Activity of MUC2 promoter in LS 174T and HT 29 cdl lines. The luciferase

activity in LS174T transfected with 1GLMUC2p was taken as 100%.

These results suggested that there must be an additiond mechanism of MUC2 promoter
regulation determining the difference in MUC2 expression in these cdl lines. One of the
possble mechanians was DNA methylation. This chemicad modification of DNA is
involved in gene activity regulaion [104] and dso have been shown to participae in
generation of tissue specific pattern of gene expresson [105]. Taken together with the
fact that 11p15 chromosomd loci is a hot spot for hypermethylation in human neoplasa
[81] it was logicd to andyse if the methylation of MUC2 promoter corrdates with the

expression of MUC2 gene.

4.2 Methylation of the promoter in different cdl lines

421 MUC2 promoter methylation in MUC2 expressing and non expressing cell lines

The methylaion of MUC2 promoter in cel lines with different leveds of MUC2

expresson was andysed by Southern blot hybridisation, in part, by E.Riede. This method



4 Results 67

is based on the property of some redtriction enzymes to differentiate between methylated
and nonmethylated DNA sequences. Hpall enzyme which can not digest DNA when the
internal cytosne within the recognition ste CCGG is methylated was used. Digestion
with Mspl was used to demongrate the absence of mutations in the redriction Stes. This

enzyme has the same redriction dte as Hpall but it digests methylated and nonmethylated

DNA equdly well.
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Figure 14. Andyss of the expresson of MUC2 in colon carcinoma cdl lines A:
Detection of MUC2 with SMUCA41 probe. B: EtBr ganing of the gd showing the equa

amount of RNA in each lane. Northern blot carried out by U.Kobalz.

Seven cdl lines were sdected for the andyss 3 mucinous cdl lines 5583-S, NCI- H498,
and LS 174T; 3 nonmucinous cell lines CCO7, COLO 205 Troja 2 and one intermediate
expressing - T84. The expresson of MUC2 was determined in these cdl lines by

U.Kobaz by Northern blot with SMUCA42 probe (fig 14).



4 Results 68

Methylation was andysed by Southern blot within 495 bp of the promoter region and dso
within the firsg exon and pat of the firgt intron. For this analyss genomic DNA isolated
from cdl lines was digested with BamHI Fig. 15 lane 1), to generate the 900bp fragment
and consequently with Hpall Fig. 15 lane 2) or Mspl (Fig. 15 lane 3). Obtained digests
were separated on the 1.2% agarose gd and blotted on the nylon membrane.
Hybridisation was carried out with the probe for 497 bp fragment of the promoter region
— MUC2 promoter probe Fig. 15 C) or 245 bp fragment, comprising first exon and part
of the firg intron sequences — MUC2 intron probe (Fig. 15 C). The DNA from mucinous
cdl lines was found to be mosly nonmethylated in the promoter region. The faint band of
about 700 bp in 5583-S detectable with MUC2 promoter probe Fig. 15A, lane 2) and
MUC?2 intron probe Fig. 15B, lane 2) indicate that there is some methylation in the Stes
#1 and #3. The resolution of the gd was not sufficient to distinguish between these two
stes. In NCI-H498 cdl line the band of 900 bp was observed after hybridisation with
both probes Fig. 15 A,B, lanes 2 indicaing that in this cdl line there is a subpopulation
of cdls in which the promoter region is completdly methylated. In LS 174T cdl line the
band of 500 bp detectable with the MUC2 intron probe but not with MUC2 promoter
probe indicated that there is partid methylation of CpG dSte #8 in this cdl line. The DNA
from nonmucinous cdl lines gopeared to be completdly methylated in dl cdl lines. The
band of about 700 bp detected with both probes after Hpall digestion in CCO7 and COLO
205 indicates that in these cdl lines the methylaion is incomplete only in CpG dStes
#21/22, but not within the promoter region. In Troa 2 cdl line dl dtes invedtigated
gppeared to be methylated. The results obtained after the andyss of the cdl line T84,
moderately expressng MUC2, appeared to be more complicate. After the hybridisation

with the promoter probe bands of dl possble szes are visble (Fig. 15 A, lane 2),
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indicating the presence of dl possble methylaion paiterns in the DNA isolated from this
cdl line. This can result from the fact that this cdl line is not monoclona and appears to

be amixture of cdlswith different methylation of the MUC2 promoter region.

The correlaion between promoter methylation and level of MUC2 expresson supports
the hypothess of the involvement of DNA methylation in the regulation of MUC2 gene.
Further experiments were directed to additiondly proof the hypothess and to carify the

mechanisms of promoter activity regulation.
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Figure 15. The andyds of MUC2 promoter methylation in Southern blot hybridisation.

A: Hybridisstion with MUC2 promoter probe. B: Hybridisation with MUC2 intron probe.

C. Map of the andlysed region, ## 1, 3, 8, 21, 22 are Hpall digestion stes, hybridisation

probes are indicated. Southern blot was done, in part, by E.Riede.
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4.2.2 Analysis of MUC2 promoter methylation by bisulphite sequencing
Southern blot andyss can give only limited informaion about the methylaion of the

promoter region, because out of 14 CpG dinucleotides within the promoter region of
MUC2 only 3 are located within the Hpall enzymes recognition sequences. Method for
the precise andyss of methylation Stes was invented by Clarkk et d in 1994 [106] and
then modified by Olek et d [99]. The method is based on the testment of DNA with
sodium  bisulphite. This treetment converts dl nonmethylated cytosines in uracils where
the methylated cytosnes remain unchanged (Materids and methods 2.7.2). In the
following PCR reection thymins are incorporated into the DNA in place of uracils. The
obtained PCR product can be ether sequenced directly or cloned into a vector. Severd
plasmid clones ae then andysed in purpose to obtan a datidicdly representative

illustration of the DNA methylation datus.

| used the second method of modified sequence andlyss for examining the methylaion in
one mucinous cdl line LS 174T and one nonmucinous cdl line — COLO 205, previoudy
andysed in Southern. DNA isolated from cdl lines was trested with bisulphite and
amplified in the neted PCR. Firg amplification was done with primers MUC2F41 and
MUC2R45. The results of the first step of the PCR were not detectable on the gel due to
very low amount of the PCR product. One pl of the first step reaction was used for the
second step with primers MUC2F45 and MUC2R45. The obtained PCR product
comprised 320 bp of the MUC2 promoter region and contained 9 CpG dinucleotides
located within the promoter region and 1 in the podtion 11 in the firs exon Fig. 16, A).
Methylation dtes were numbered. CpG sites ## 1, 3 and 8 corresponded to previousy
andysad in Southern blot Stes. The amplimer was cloned into the pCRII vector, usng TA

cloning kit (Invitrogen). To obtain datidticaly evauable data, 10 plasmid clones for each
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DNA sample were andysed. Plasmids were isolated and sequenced. All cytosines within

CpG dinuclectides which remained unchanged were consdered as methylated in the

origina segquence.
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Figure 16. Andyss of methylation by bisulphite sequencing. A: Map of 320 bp of the
promoter region, circles are placed in CpG podgtions. B: bisulphite sequencing results for
LS 174T cdl line. C: bisulphite sequencing results for COLO 205 cdl line. Filled circles

indicate methylated cytosines, opened circles indicate nonmethylated cytosines.

Both cdl lines COLO 205 and LS174T exhibit the heterogeneous pettern of methylation,

indicating the polycdlondity of cdl lines (Fig. 16). The overal methylation in COLO 205
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was 62% and in LS174T — 10%. The andyds of particular Stes methylation confirmed
the results of the Southern blot. CpG dte #8 is partidly methylated in LS 174T. CpG dtes
# 1, 3 and 8 are dmost completely methylated in COLO 205. The andysis of methylation
of paticular methylation stes showed, that CpG dtes #2, #4 and #7 ae vey low
methylated in COLO 205 and nonmethylated in LS 174T suggesting that these Stes may
not play a sgnificant role in the regulaion of the expresson of MUC2 gene. All other
gtes were much higher methylated in COLO 205 than in LS 174T. All remaining Stes
were highly methylated in COLO 205 in comparison to LS 174T. Therefore it was
concluded, that the dte-gpecific methylation as wel as overdl may be important for the

regulation of the expresson of MUC2.

4.2.3 Activation of MUC2 expression by inhibition of methylation
To additiondly proof the hypothess of methylation dependent regulation of MUC2

promoter activity the attempt of activation of MUC2 expresson by inhibition of
methylation was undertaken by E.Riede and M.-L.Hanski. For this experiment T84 cdl
line was sdected. This cel line has low, but detectable in Northern blot expresson of
MUC2 (Fig. 14), and, therefore, it was easy to monitor the changes of the expresson
during the experiment. MUC2 expresson was andysed in Northern blot with SMUCA41
probe Fig. 17 A. To normdise the amount of RNA on the membrane hybridisation with
18S rRNA probe was done fig. 17 A). The obtained autoradiogramms were andysed
denstometricaly. The levels of MUC2 expresson on the different stages of the trestment
are presented on the diagram (Fig. 17 B). After 24h of the treatment the expresson of
MUC2 was dready increased 2.7 fold. The following trestment did not have such a strong
effect, however after 72 h the expresson was increased up to 3 fold in comparison to non

treated cdlls.
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Figure 17. Activation of the expresson of MUC2 gene by inhibition of methylaion. A:
Andyss of MUC2 expresson in T84 after 5-aza-2'-deoxycytidine treatment, upper pane
— hybridisation with SMUCA41 probe; lower pand — hybridisation with 18S probe. B:
Levd of the expresson of MUC2 gene dfter normaising of the results of hybridisation

with SMUCA1 probe to the intensity of 18S band. Experiment carried out by E.Riede.

This expeiment directly shows that the inhibition of methylation can enhance the
expresson of MUC2 gene, providing additiond support to the hypothess that
methylation is involved in the regulation of MUC2 expresson. However the disadvantage
of the cdl line used is its polyclondity. For detalled andyss of methylaion inhibition on
the MUC2 expression the experimenta system which dlows to overcome the problem of

polyclondity was devel oped.
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4.3 MUC2 promoter methylation in cloned cells

4.3.1 Inhibition of methylation and selection of clones
For detaled anayss of methylation influence on MUC2 expresson in cdl lines the

following experiment was caried out (Fig. 18). MUC2 non expressng cdl line COLO
205 was trested with 5-aza-2'-deoxycytidine until the expresson of MUC2 became
detectable in RT-PCR; then cells were doned and severa clones with different levels of
MUC2 expression were sdlected; obtained clones were andysed for MUC2 expression by
RT-PCR and Northern blot, and for the promoter methylation by Southern blot and
bisulphite sequencing.

Nonmucinous
cell line (Colo 205)

o
Cl)m

Aza lrelalm enl

o © Increased MUC2
T © expression (RT-PCR)

ooGe
RT-PCR / \ Southern

Northern Bisulphite
sequencing

Figure 18. The scheme of the experiment.

Trestment with 5-aza-2'-deoxycytidine for the inhibition of methylation was done by M .-
L.Hanski in 1 week cydes with 24 h tretment and following 6 days recovery in non
supplemented medium. The expresson of MUC2 was monitored darting from the 4th

week with RT-PCR. MUC2 expresson became detectable after 6 week of treatment.
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After the 7-th week the treatment was stopped. The anadyss of methylation of MUC2
promoter in this mixed population by Southern blot did not show any detectable
methylation (data not shown). Cloning by limiting dilution yielded severd clones with
different levels of MUC2 expression, determined in Northern blot with SMUCA41 probe
(Fig. 19 A). RT-PCR reveded MUC2 expresson in al clones investigated and dso in
COLO 205 cdl line Fig. 19 Q. Clones 4 and 5 did not show any detectable expression,
clones 7, 15 and 16 expressed MUC2 on the low but detectable level, and in clone 14 the
expresson was dgnificantly higher than in  dl other dones Differences in expresson
obtained in Northern blot were not quantified. The clones were separated in three mgor
groups. non expressing - clones 4 and 5; weakly expressng - clones 7, 15 and 16; and

strongly expressing - clone 14.

To control if the observed difference in MUC2 expresson is not a result of an
overexpresson of a methylation dependent transcription factor, a least one clone from
every group was transfected with the luciferase reporter plasmid pGLMUC2p, containing
nonmethylated MUC2 promoter. The expresson of the reporter did not correate with the
expresson of MUC2 in corresponding clones, indicating that the differences in MUC2
expresson did not result from a transcription factor expresson dteration, but rather
reflected the effect of methylaion changes in the promoter region of MUC2 gene (data

not shown).
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Figure 19. Andyss of the expresson of MUC2 in the clones. A: Northern blot with
SMUCAL probe. B: EtBr staining of the gd showing the equal amount of RNA gpplied.
C. RT-PCR detection of MUC2 expression with primers MUC2F15 MUC2R13. Nothern

blot was done by U.Kobalz.

4.3.2 Methylation of the MUC2 promoter in obtained clones

To test if MUC2 promoter methylation was changed in 4 expressng clones and if this
change correlates with the level of MUC2 expresson Southern blot was used (Fig. 20).
DNA was digested with BamHI and Hpall, blotted and hybridised with MUC2 promoter
probe. All clones anadysed showed different methylation paitern. Clone 4 showed the

presence of dl possble methylation petterns within the promoter region, including
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completely methylated promoter (band of 900bp) and completdly nonmethylated
promoter (band of 200 bp), indicating, that the methylation was restored during cloning.
Anayss of the promoter methylation in clones 5, 14 and 15 did not revea 900bp band
indicating that in dl these clones a least one methylation Ste within the promoter region
of MUC2 is not methylated. The most remarkable was the clone 14 which had the highest
MUC2 expresson (Fig. 19). It showed only two bands. the magor band of 200 bp
corresponding to completely nonmethylated promoter region and a minor band of 500 bp

which can result from methylaion of one sngle Ste within the investigated region.

Clone 4
Clone 5
Clone 14
Clone 15

bp
900—“ |
700 — WSS &
s00—| -|

200 — [S5 |

Figure 20. Andyss of MUC2 promoter methylation by Southern blot. Hybridisation with

MUC2 promoter probe.
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For dealed andyss of MUC2 promoter region methylaion in clones bisulphite

sequencing was used.

Reaults of the sequencing were evauated in percents and are presented in the Table 1.
The clone 14 had the lowest tota methylation in comparison to other clones. For example
non expressng clone 5 had lower totd methylation (47%) than low expressng clone 16
(59%). Setigtica andyss made by Dr. Mannsman showed, that the CpG sites #5 and #3
are exceptiondly low methylated in clone 14 in comparison to dl other with Ryn= 0.94
and 0.995 respectively, cdculated as a poderior probability in Bayesan fixed effect
ranking modd [107] (Table 1 row Pwn). These findings suggested the particular

importance of these stesfor the regulation of MUC2 expression.

Site |B1|B2 |B3 |B4 |B5|B6 |B7 | B8 |B9 |B10MED

Colo4 |92 |25 |50 {33 92| O | 50 |100| 58 |100| 60
Colo 5 O |70 |40 |30 |70 |40 | O | 80 |50 | 90 | 47
Colo 7 O |30 | O (508 | O O | 50| 50| 90 | 35
Colo 14| O 0 O |58 33| 8 0 0 | 25| 83| 20
Colo1l5|50 |33 | 0 |33 |75 (17| 0 | 75|17 | 75| 37
Colo16 |50 | 40 |40 | 70 | 90 | 30 | 40 |100| 60 | 70 | 59

P, |0,355(0,889 (0,348 |0,023 (0,940 | 0,112 |0,253 [0,995 |0,309 |0,209

Table 1. Methylation of CpG dtes in the promoter region of MUC2 gene in clones
obtained after bisulphite treatment. Py n — podterior probability determines in Bayesan
fixed effect ranking modd. MED — overdl methylaion in the promoter region of MUC2.

Satigticaly sgnificant differences are shown in bold.
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4.3.3 Geneexpression alterationsin clones

Difference in methylation in the clones obtaned after 5-aza-2'-deoxycytidine trestment
indicated, that demethylation or remethylation occurred differently in these clones. To
undersand the reason of this finding the anadyss of methylation-related genes expression
was done. The expresson of following genes was analysed: DNMT1, DNMT2 and p21l.
The expresson of DNMT1 was andysed in ssmiquantative RT-PCR in clones 4, 5, 7, 14,
15 and 16. The results of amplification are presented on the Figure 21A. The expresson
DNMT1 did not correspond to the level of MUC2 promoter methylation. Therefore it can
be concluded, that DNMT1 did not determine the levd of methylation within the
promoter region of MUC2 in the invedigated clones RT-PCR andyss of DNMT2
showed the expected band of 720 bp in al clones (Fig. 21B). The observed levels of
DNMT2 did not corrdate with the methylation leve of MUC2 promoter. Therefore the
expresson of DNMT2 gppeared to be irrdevant to the level of methylation of MUC2

promoter, as in the case of DNMT1.

The third protein reported to be involved in the regulaion of methylation maintenance is
p2l. It was analysed in Northern blot with the p21 probe. The level of the expresson of

p21 does not show strong difference between clones (Fig. 21C).
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Clone 4
Clone 5
Clone 7
Clone 14
Clone 15
Clone 16

Figure 21. Andydss of the expresson of methylation relaed genes in cdones. A: RT-PCR
andyss of DNMT1 expresson. B: RT-PCR andyss of DNMT2 expresson. C: upper
pand — Northern blot andysis of p21-mRNA expresson in clones, lower pand — EtBr
daning of the gd showing damilar amounts of RNA gpplied to each lane. (Membrane

prepared by U.Kobalz).



4 Results 82

4.4 Influence of the site-specific methylation influence on the promoter activity

4.4.1 Influence of methylation on the promoter activity in different cell lines

For in vitro andyss of the influence of methylation on the MUC2 promoter activity
luciferase reporter system was used. The plasmid was obtained by incomplete digesting of
pGLMUC2prom with Smal enzyme and religation of the fragment, containing firs 245
bp of the promoter region (Fig. 22). Obtained plasmid was methylated with mHpall or
mSss methyltransferase. For transfection three cell lines were sdlected: COLO 205; T84
and LS 174T. The obtained results are presented on the figure 23. In dl 3 cdl lines
methylation with only mHpall suppress the activity of the promoter to 60% in COLO
205, t0 30% in T84 and to 10% in LS 174T cdl lines. Further methylation of the promoter
caused even gtronger reduction of the promoter activity in COLO 205 and T84 (to about
10%), but did not in LS 174T, where the activity stayed at the leve of 10%. These results
indicate, that methylation with mHpall methyltrandferase is dready enough for strong
uppresson of the promoter activity. Interestingly, this enzyme methylates only one
cytosne within the promoter region, namely the CpG dite #8 which was shown to be less
methylated in MUC2 expressng cdls in comparison to non expressng. The vector
sequence which has the methylation dtes can adso influence the activity of the reporter
plasmid. Therefore the role of the methylation of vector sequences on the activity of the
reporter plasmid was andysed, to claify the role of CpG #38 methylaion in the

suppression of MUC2 promoter.
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Figure 22. Map of pGLMUC2p245 plasmid.
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Figure 23. Transcriptinal activity of the differently methylated promoter in different

cell lines. A: Mehyl group insertion within the promoter region after treatment of the
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plasmid with different methyltransferases. B: Luciferase activity of differently methylated

plasmid in COLO 205, T84 and LS 174T cell lines. RLU — relative luciferase units.

4.4.2 Analysis of the effect of mutations at CpG sites #5 and #8
To andyse the effect of methylation only a the CpG #3 on the promoter activity this Ste

was mutated by subgituting C within CpG dinuclectide with T. The mutated sequences
were obtained by PCR as described in methods and inserted into the luciferase reporter
plasmid. The expresson of the reporter from the nonmutated promoter when the plasmid
was methylated with mHpall was reduced in comparison to non methylated one to about
25% (Fig. 24, . For the plaamid with C->T mutation in CpG site #8 this reduction was
only to 60% Fig. 24, Q. Therefore it was concluded that the role of CpG#8 methylation

in the suppression of the reporter gene is about 35%.

To andyse the contribution of methylation of CpG dte #5 in the regulation of MUC2
expresson, plasmid, containing mutetions in both CpG stes #5 and #8 was generated and
ligated into the luciferase reporter plasmid. Methylation of al CpG dtes caused the
reduction of the promoter activity to 10% of the activity of nonmethylated one (Fig. 24
d). Mutation of CpG #8 reduced this effect. After methylation of dl CpG dtes with the
exception of mutated CpG #8 the promoter activity was reduced only to 30% (Fig. 24 ).
The addition of the mutation in CpG #5 dte resulted in he same effect, i.e. the expresson
from the plasmid methylated with mSssd was 30% in comparison to non mutated one
(Fig. 24 f). This result indicates that the methylation of CpG #5 is not involved in the

regulation of MUC2 promoter activity.
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Figure 24. Andyss of the role of CpG #5 and #8 in the regulaion of the activity of
MUC2 promoter. Standard deviations were obtained after evauation of a least three
independent experiments. Luciferase assays carried out by Dr.A.Sedow. Vaues were

normalised to plasmid amount in the transfected cdlls.

4.4.3 Analysis of possible de novo methylation or demethylation of the transfected
plasmid

The results of the reporter analysis supported the hypothesis that the promoter of MUC2
gene is regulated by methylation. However it is necessary to check if the results of
reporter experiments are not influenced by the change of plasmid methylation after
trandfection. For this experiment pGLMUCZp was used. Nonmethylated and mSssl or
mHpall methylated plasmids were transfected in LS 174T and COLO 205 cel lines.
Methylation andyss by bisulphite sequencing showed, that no methylation dterations in

the plasmids obtained after 48 h trandfection. Neither de novo methylaion of the non
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methylated nor loss of methylation in the methylated plasmid was observed (data not

shown).

45 MUC2 promoter methylation in tissues

45.1 Application of microdissection

Andyss of mehylaion in tissue samples was done initidly usng Southern blot
hybridisation of the DNA isolaed from normd and tumour tissue samples. The
hybridisstion reveded the heterogeneous pattern of methylation within the promoter
region of MUC2 gene (data not shown). The presence of dl possible methylation patterns
was explained by the mixed population of cels in the tissue samples which were used for
the isolation of DNA. Therefore laser microdissection was sdected as a method of
purification of tumour and normd cdls for the andyds of methylation in colon

carcinomas and normal colonic tissues.

For this experiment paraffin sections of mucinous, nonmucinous and normal tissues were
sdlected. Microdissection procedure was done at least 2, but not more than 4 times for
each section. The collected samples of norma tissues comprised 2 to 4 norma crypts, and
samples of tumour tissues were represented by the 2 to 4 pieces of sections, containing
cdls with clear mucinous or nonmucinous morphology. This method dlowed to andyse
the mehylation changes in rdaivedy pure populdion of cdls with minimised

contamination with the cells of other origins.
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45.2 Analysisof MUC2 promoter methylation in tissue
The microdisseced tissue was subjected to methylation analysis by bisulphite trestment.

Due to the DNA degradation it was impossble to amplify the complete promoter region

of MUC2. Therefore three nested PCR procedures were performed.

L
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Figure 26. Typicd autoradiogramm of a SNUPE reaction. Numbers denote investigated

T— '

CpG sites.

The obtained fragments were used for Single Nucleotide Primer Extenson (SNuPE) as
described. The typical result of SNUPE is presented on Figure 26. Samples labelled with
dCTP were loaded first and the samples labdled with dTTP ten minutes later to smplify
quantification (Fig. 26). In every lane the only one mgor spot corresponding to labelled
primer is visble Every sample andysed is presented as two lines: fird — primer labdled
with dCTP and second — primer labeled with dTTP. The raio of the amount of the
radioactivity in C spot related to the amount of the radioactivity in T and C spots exhibit
the % of methylated cytosines in this sample. For example in samples 3, 4 and 5 the

methylation was dmost 100%, and in samples 6, 7 and 8 — about 50%.



4 Results 88

For this andyss 3 mucinous and 3 non mucinous tumours were sdected (6 patients).
From each patient 2 samples of tumour tissue and 1 sample of normd tissue were
andysed. Each sample was andyses in SNUPE once, however to control the
reproducibility of the results 3 samples were andysed twice and showed that the
difference in measurement does not exceed 5% - the typicad instrumenta migeke of the

experiment.

The results of the andyss of methylation in the promoter region with SNUPE ae
presented on the figure 27. The level of methylation in the normd crypt was 81+8%. The
pure population of nonmucinous carcinoma cels showed the methylation of 91+7%,
consgent with the fact that there is no MUC2-expressing cdls in these tumours. In the
mucinous tumour cells methylation of the promoter region was reduced in comparison to
norma tissue. Taken together these data indicate that there is dteraion of methylation in
tumour cels in comparison to norma tissue  For  non-mucinous  tumours
hypermethylation was observed while there was hypomethylation in the case of mucinous
tumours, relative to the normdl tissue.

4.5.3 MUC2 promoter methylation in isolated goblet cells

For the andyss of the methylation in norma cdls of goblet phenotype the fresh human
colon was used as a source of epithelid cdls. Epithdid cdl suspenson was stained with
anti-MUC2 antibody CCP58 and MUC2 postive cedls were manudly collected. The tota
number of 75 cells was used for each reaction. Bisulphite treatment was done the same
way as for tissue sections. In contrast, single cdls were expected to contan non
fragmented DNA, therefore the PCR amplification of the whole promoter region was

donein the firsd PCR. Amplimers obtained after the nested- PCR were used for SNUPE.



89

4 Results
100 . S— _
—F— nonmucinous CA , —— =
T e e
go— L | ; T + LT i
S — + oo o
E - ! .
E 60 — normal crypts ® I
) L
£ + +
S 40— _;_:[_4 i
X
20 — mucinous CA ® normal goblet cells
D T T T T T T T T T

CpG# 1 2 3 4 5 5] 7 8 9 10

Figure 27. Methylation of MUC2 promoter in clinical samples and sdlected goblet cells.

The evauated results of SNUPE andyss are presented on the figure 27. Methylation of

CpG dtes in goblet cdls was amilar to the methylation of the same dtes in samples from

MUCINOUS Carcinomas.



