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Abstract

Background

We studied thexpression of some major proteins involved in-cgtlle regulation and DNA
repair, the rolsof whichare not welknown in pancreatic ductal adenocarcinoma (PDAC), but
which havea significant impact on carcinogenesis of many other cancers. &
Methods

cyclin-dependent kinase 4 (CDK4), atiek DNA repair enzymes Gfnethyl

We immunohistochemicallpssessedxpression levels dhecell-cycle regulators \de
alkyltransferase (MGMT) anffap endonucleas#& (FEN1)separately | gnat tissue and
benign tissue from resection margins in t@2es oPDAC. Nearl %

%) patients had

undergone pancreaticoduodenectomy.

Results
The studied proteins showed wide but somew b&expression in both benign and Igaant
pancreatic tissues. Strong CDK4 expressiornN ts of Langerhans predicted pooifre¢tapse

survival (RFS) (HR 2.874; 95% CI X 0; p=0.012) and within T8 tumors CDK4

expression in adenocarcino edicted poor diseaseee suvival (DFS) (RR 2.148; 95%
C11.081#4.272; p=0.029) St GMT expressiwasassociated in N1 patients witveaklocal
relapsefree surviv FS and overall survivaall significantly in Cox regression analysis.

FEN1 was al dgfendentgiotor ofdecrease®FS (in the whole study population) and
-

worse
Copclusgn

Maj§f cellcycle regulators and DNA repair enzyneksplaynotable prognostic roden PDAC,

atients with EBtumors).

especially in the most aggressnasesBased orevelsin other tumor types, their expression may

also have predictive significance, but further studies are required to evaluate this.



Abbreviations
Rb =Retinoblastomassociated proteii
CDKA4/6 = Cyclindependent kinases 4 and 6

MGMT = O6-methylguaninedDNA-alkyltransferase

FEN1 = Flap endonucleasé &
PDAC = Pancreatic ductal adenocarcinoma Q

DFS = Diseasdree survival \

RFS = Relapséree survival C)Q

OS = Overall survival
TLS = Tertiary lymphoid structures )
Keywords: cell cycle; DNA repair; immunohist eistry; pancreatic cancer; survival

Introduction Q

The etinoblastoma (Rb @ is one of key element®f cell-cycleregulation(1). During G1,
cells reacto incomiggeNgicellular signalby advancing to cell division or reded to aresting
state (GOXZ)@ ngfand overexpression oéRBgene are linked to various cancers such as

norrsm nggcancer and breast can8j.

Cch—dependent kinases 4 and 6 (CDK4/6) are needed in thehmhglstion of RA. protein

leadingto its inactivationrelease of E2F transcription factors and consequently the expression of
genegequired for progression tiiecell cycle and entry tthe S phasd€4). Elevated CDK4/6

activity promotes tumor growtitb). Theproteinp16ink4 act as a tumor suppressoy binding to



CDK4/6 and it prevents the catalytic activity of cyclin-BDK4/6 holoenzymeg6). Targeting
CDK4/6 in combination witlihe use ofintiestrogens or aromatase inhibitors is a n@thod inthe
treatment of advanced estrogen receptsitivebreast cancer and clinical stud@sCDK4/6

inhibitorsin connection withmany cancer typesreongoing(7) (8) .

DNA replication and repair are crucial for maintaining genome stabilitg DNA repai §
O6-methylguanineDNA-alkyltransferase (MGMT) protectee genome by remoy N enic

alkyl groups from the O6 position of guanjtieusprotecing cells from exogaeo®€ carcinogens. If

the alkyl group is not removed, O6 guanine is read erroneously a t pairs with

thymine (T) in DNA replication. Therefore, it is possible that u lesions may cause
mutation in proteoncogenes. Inactivation of MGMT, usua hylation of the gegalatory

region, can thus trigger cell transformoatinto canceggell Ditferent tumors have been noted
to be heterogeneous in MGMT expressib0). ThRgesYits ofaveral studies suggest that MGMT
has a key rolen resistancéo alkylating chemao 1).

Flap endonucleask (FEN1), a 48<D, is a structwgpecific and multifunctional nuclease

(12). It is critical during DNA | chypase excision repair {BER) and Okazaki fragment

maturation during replicgllon. REN1 also plays essentias mleescue of stalled replication forks,

maintenance of tel tabilipnd apoptosi€l3) (14). Dysregulation of FENtanresult in

damaged gengii orgfation coded in DNA and disarray in programmed cef (hE)e
Increasi \enfe shows ti&EN1 plays a pivotal role in carcinogenesis and FEN1
oV rexgn has been detecteseweraimalignancies such as testisonsmallcell lung and

braiNfCancer$16) (17).

We immunohistochemicallgssessedxpression ofhe cell-cycle regulates CDK4, p16 and Rh

andthe DNA repair enzymes MGMT and FENL1 in PDAC tissue and separately in benign tissue



from surgical resection margins. Our primary aim was to evaluate the possible prognostit value

these poorly studied proteiasd associations i traditional prognostic factors in human PDAC.

A
o
60

v

Materials and methods

Patientsand samples &

The material consi QlOZ surgical PDAC samples before the initiation of any treétinent.
patients wereggh sgfl and treated at Oulu University Hospit8B32015and the cohort

consist fQgmpfes available from this time periading to the lack of reliably representative

majeri 1 was assessranly 81 casedMost O7; 95.1%) of the patients underwent
pan§featicoduodenectomy (Table 1). Imnmunostaingsgls were assessed bathadenocarcinoma

cells and separateig benign pancreatic tissues from resection margins, when available (n=21 to 86
depending on staining). In adidm, we took care texamineperitumoral tissue to detect specific

peritumoral immunostaining. The specimens had been fixed in neutral formalin, embedded in



paraffin blocks and stored at the Department of Patholdgh University HospitalFifty (49.0%)

of the patientdiad beerdiagnosed iror after2010. During the followup period(median 15

months) 72 patients (70.6%) died of pancreatic cancer. Diagnoses were reviewed by a specialist
pathologist and evaluation of immunostaining was performed by erpedéistopathologist

(KMH) and Jl). Exact and updated patient data was acquired from medical records. D&he
evaluation of immunostaining, thevestigators were blind to tledinical patient data. F g
0%)

TNM stagingdatawas available in 99 (97.1%) cases and clinical TNM stagioggs \

cases. In one case, reliable TNM staging was absent. C)
Immunohistochemistry : : )

ThePDAC samples and benign pancreatic tissue from re argins were fixed in formalin and
embedded in paraffin. Sect®af 3.5 m thickness w, e%ed in a descending series of
ethanol solutions and deparaffinized in xylene. szc’mﬁibl, FEN1 and MGMT, antigen

retrieval was carried out mmicrowave oven | te buffetpH 6 for 17 minutes for Rband

12 minutes for FEN1 and MGMT. | @ g CDK4 and p16 the samples were also pretreated

in amicrowave ovenbut in citr, ergtpH 9 for 17 minutes. After that, the samples were

cooled at room temperature 1820 minutes. Next, inadesendogenous peroxidase activity was
EORFNHG Z 'DNR 5B®htkng:salutien] (Dako 82923, Dako Denmark A/S,

at +4°C {3 tes for p16 and CDK4 stainirfigr 60 minutes for Rb1 and FEN1 staining, and

Glostrup, DeaKNOr 5 minutesThe amples were incubated with primary antibodies (Table 2)
W

overnighNGfoMMGMT immunostainind\ext, the slides were incubated with sedary biotinylated

antiNddes (Dako S2023, Dako Denmark A/S, Glostrup, Denmark) and immunostaining was carried

out withaNovoLink Polymer Detection System (Leica Biosystems, Newcastle ddKpako

5($/E (QILVLRQE 'HWHFWLRQ 6\VWH Rup! DétiRark) @ eoRiidddo$heés  * O R

instructions othe manufacturers. Between stagesh@immunostaining procedure, the slides were



washed with Tridouffered saline (TBS)lhe chromogen used was3 fdiaminobenzidine and the
slides were counterstained withM\HU V KHPDWR[\OLQ DI€g&ivielcQrirdasver® R X Q W

carried out using same procedures omitting primary antibody.

Statistical analyses

For statistical analyses, immunostaining intensitjAvas multipliedby the percentatain
e

cells out of allPDAC cells (0400%) resulting in a continuous variable ofDO. ?\

Sity
and the extent of immunostaining were separately evaluated in nuclei plasm, and separately

in adenocarcinoma cells and cells of eand endocrine pancreiem nghargind he
Mann #Vhitney test was used to determine the significance of resigfshe exception of

survival analysesvhere the continuous variable was divi o classes (low or high

expression) based on the median expression of eggh vagable.

Grade wa dividedinto wellto-moderate diffe ion or poor differentiation andldss was
handled in statistical analyses as&& Associations betweenroteinlevels and patient
survival were anabedby usin p eier method withthelog-rank test. Diseasiee

VXUYLYDO '")6 FDOFXODWHG IURP WKH GDWH RI GLDJQR

either local or distgg. pdee survival (RFS) was defined e time from diagnosis tocal

relapseOver @?S) was calculated from the date of diagnosis to the time of death from

anycau stion analysis was applied in multivariate analysis. Statistical analyses were
-

cargied using IBM SPSS Statistics 24.0.0ftwsare (SPSS, Armonk, NY, USA) and the
U

XOWV ZHUH FRQVLG HdidedGvalue@s <OFOB.QW LI WKH WZR



Results

Staining patterns in malignant tissuePDACs

Expression 0p16 was detected less than half of the casémth in nuclei and ¢ gen
present, oclear staining intensity ranged from weak (+) to strong (+++) aseshe
extent of immunostainingas 550% Cellular staining intensity varigghfr ak (+) to strong
(+++), but only 4 samples shew strong immunopositivitylhe et®@gt of cyfoplasmic

immunostaining ranged from 5 to 100Pasitive staining wadWs ted in tumeassociated

fibroblasts (n=21)In these samples6.7% of the casgs shiyved no immunostaining acasés

were not evaluale because of exhaustion of th&ocs or the occurrence gtpogsentative
areas.
CDK4 expression was mainl @; nyddeingidentified in 55 (55.0%) of the cases.

Nuclear intensity varied fflOm Wgak (+) to strong (+++). Cytoplasmic CDK4seeas in 17 of the
cases antheintensj mainly weaik the evaluable cases. The extent of nud&HaK4
staining variegs#ON5%#10 50%. The extent of cytoplasmic CBt&thingranged between1%

100%. | stromal CDK4 immunoreaction was detem 37% (n=37) of the cases.

Mqgsts leg (n=75) showed weak (+) or moderate (++) nuclehp8&ditivity and only 13 of the
ca(%wed cytoplasmic staining. The magnitude of the immunoreaction varied befld®8a 1
both in nuclear and cytoplasmic stimig. Mostcasesalsoshowed tumoeassociated Rbin the
stroma (50.5%andin lymphocytes (55.6%0wingto exhaustion of the blocks or the occurrence

of nonrepresentative areas, CDK4 andiRlere not evaluable 2 and 3 cases, respectively



Weak (+)to strong (+++) nuclear MGMT staining was detected in 82 cases (82.0%) and weak (+)
to moderate (++) staining the cytoplasmin themajority of thesecases. In nuclei, the magnitude
of staining ranged from 5 to 100% but in cytoplasm the extent was 100% in every samp. Only two

of the cases were not evaluable. All of the samples showed nuclear FENL1 stairt

varied between weak (+) astrong (+++) About two thirds §7.6%) of the casea@N

sity

cytoplasmic immunoreactigibut theintensity was mainly weak. The exte Ining
ranged from 1 to 90% in nuclei but in cytoplasm it was 100%. In itINQUT/gX 74 cases
(97.3%)showed FEN1 immunopositivity in tumassociated lymocytgglit interestingly 8 of
the case40.8%alsoshowed immunoreadiity in tertiary ly! ctures (TIsp Sevenof the

cases were not evaluable because of exhaustion gf theglocks or threrozeof non

representative areas. S

Staining patterns in benign tissue fr fction margins

Expressiorof pl6was detecte clei and cytoplasm in benign pancreatic exocrine tissue in
aminority of the cases .3%) aheintensity varied mostly from weak (+) to moderate

(++). Forty-two cas ed no immunostaining at all. The extent of nuclear and cytoplasmic
staining rang gt 20%. In contrast, 58.7% (n=37) of the cases showed immunostaining in

endocriC iPrets of Langerhanghirty-ninecases were not evaluable.

Eonne pancreatic tissue showed no CDK4 immunopositivityin islets 6 Langerhans, CDK4
immunoreactrity was detected in 40 cases (46.5%imilarly, only onecase (1.2%) showdaveak
RDb1 staining in exocrine pancreatic tissbat in endocrine tissue in islets of Langerhans], Rb

immunoreactrity was observed ithe majority of cases (n=73, 86.9%). Weak (+) or moderate (++)



MGMT staining was observed in 27 (79.4%) cases in nuclei a28 of the cases in cytoplagm
exocrine pancreatic tissu€he extent of MGMT staining varied from 5 to 8@3nuclei but in the
cytoplasmthemagnitude was 100% in all cases. In exocrine pancreatic tissue, nuclear FEN1
expression was detected in alsea and 59% of the casdsoshowed cytoplasmic staining.

Sixteento 18 cases were not evaluable because of exhaustion of the blocks or the occ&e of

nonrepresentative areas. Q

Association with clinical parameters 6

Expressiorof Rblin the nuclei of adenocarcinoma cedlsow Qrse correlation with the
number of metastatic lymph nodes (p=0.024-0.27QL % nuclear MGMTL expression in
benign pancreatic cells from resection margy slated with lower-tlass (p9.048). Both

strong nuclear and cytoplasmic p16 immun g in pancreatic canceverg&ssociated with

better differentiation (p=0.006 and @ ). Hlghiel cytoplasmic CDK4 expression in

pancreatic cancer celgasass @« nodal involweent (p=0.043).

t gfly levah TLSsin peritumoral tissugvasassociated with shorter DFS

Survival analysis

Expressiorof
(p=0.00 ter RFS (p=0.035). In multivariate analysis (Table 4) FEN1 was the most
Si ific@dictor of DFS (RR 216; 95% CI 1.1326.059; p=0.025) when metastatic lymph
nod§finvolvement (RR 1.905; 95% CI1 0.98%33; p=0.05Pand T-class (RR 1.344; 95% CI
0.6882.627; p=0.387) were also includedthe model. In addition, in multivariate analysis FEN1

was also the meosignificant predictor of RFS (RR 3.758; 95% CI 1.18.299; p=0.029) when

10



metastatic lymph node involvement (RR 1.284; 95% CI 088:8B1; p=0.54pand T-class (RR

2.263; 95% CI 0.88%.783; p=0.088) were also includedthe model.

In benign pancreatic tissue from resection margins, CDK4 positivity in islets of Langerasins
associated significantly with shorter RFS (p=0.001). In multivariate analysis CDK4 po&n

islets of Langerhans was the most significant predictor of (RIRS2.874; 95% CI 1.2?;

p=0.012) when metastatic lymph node involvement (RR 1.285; 95% CI £ ; \ and

T-class (RR 1.289; 95% CI 0.543.041; p=0.562) were also includecthe hen

wasassociated with shorter DFS (p=0.049)Cox regression an samore significant

considering only patients with T84 tumors, hgh-level nuclear CDK ssign PDAC cells
2

predictor ofdecrease®FS than nodal involvement (for C 8; 95% CI1 1.084.272;

p=0.029 and for Mlass RR 2.102; 95% CI 1.008.320; pNQ.04 7)Likewise,althoughMGMT

was not connected to any survival parameters'Q§th&whole population, when we studied patients

with T3 H4 tumors, higHevel nuclear MGMT ssion IRDAC cellstissuewasassociated

with shorter OS (p=0.032and in mu @

Again, when considering K@n s with nodal involvement;leig nuclear MGMT

pnalysisthis wasmore significant than nodal status.

expression ilPDAC cellsygasa®gociated with significantly short®S (p=0.014andRFS

(p=0.017) and nedgypsi cantlyassociateavith shorter DFS (p=0.063). All these analyses were
@e includedthe Cox regression model along with tumor size.

significant WC)

ExpresR@moigh16in tumorassociated fibroblastsasassociated with shorter RFS in univariate

anafis (p=0.019), buke results omultivariate analysis did not support this finding.

11



Discussion ;

According to our results, proteins involved i regulation and DNA repair seem to have

central rolsin the aggressiveness o . Althoughativelywidely studied in other

carcinomas, most of the protegi ed in our study havpdmebrstudiedin PDAC. One of

the strengths of the curr was the careful evaluation of expression in benign pancreatic
tissue, which, acc our resulishould be a part of standard evaluation of these biomarkers.
We also had lytreated(mainly with curative intention) singlmstitution material,

which i aNgs plausibility of the reported results. Weaknesses of our setting maytheclude
rel tive&time period between cases. Also, the number of cases could have been larger.
Increased CDK4/6 activity initiates cell division and tumor growth by preventing the functibe of

tumor suppressor protein ROur results from PDACas®ssuggest that CDK4 overexpression in

PDAC cellsincreases the possibility of nodal involvememhile strong CDK4 expression in the

12



islets of Langerhans was connected with poor local relapse outcome (RFS). In addition, in the most
extensiveumors (T3#), strong CDK4 expression in adenocarcinoma eedisassociated with
decrease®FS.Preliminary datdrom some ongoing clinical trialshows thaCDK4/6 inhibitors

alsohave activity in pancreatic can¢@y(18). As far as we knowthere are no previous studms

the prognostic value of CDK4 in PDAC, but our current results are in line witkcdawrniK

other cancer typegd9). The associatiohetweerexpression of CDK4 in cells adlets of

28

Langerhansndpoor local relapse outcome seems perplegimghe face of itThisgags n

i

n the context of

probably is not causal but reflects the regeneratiosietfcells aftertissue d gran effect
which may extend to ductal cancer c€#8). Although it has nbbeenass

PDAC, CDKd4is vital to regulate physiologicalancreatic islet de?opm ).

Nuclear Rl expression in adenocarcinoma csl®wgdanWerse correlation with the number of
metastatic lymph nodeand both strong nuclear@gd §/toplasmic p16 immunostaining in pancreatic
cancer cellsvasassociated with better differe n. This emphasizetuther suppressivealue

of thesetwo proteingn PDAC.

The DNA repair enzyme MGMW{,is physiologically expressed in all human,dmiksdifferent
tumorsshowheterogen®glis MGMT expressi®). MGMT overexpression has been described in
various mali h as colon cancer, gliomas, lung cancer, breast cancer, leukemia,
lympho melon(ﬂ). On the other hand, loss of MGMT expression through epigenetic
M MTQ&ilencing due to prooter methylation hebeen reportedespecially in glioblastoma
mul§forme, where MGMT status is currently a significant predictive factor in clinical practice
involving temozolomide treatmel(23) (24). In a small (n=30) cohort &?DAC patients treated

with FOLFIRINOX combination chemotherapy, MGMT expression had a tendemejieot

poorer progressiofree survival and O&5). In another studya specific single nucleotide

13



polymorphism of MGMT (1V$44836G>A) predicted dismal overall survival in PDAC patients

(26).

Although MGMT wasnot of prognostic significance in the whole patient population in o&
material, in the mosxtensiveaumors (T3#) and in those with nodal involvement M

expression in cancer cells wakighly significant predictor of RFAmongthe pay N nodal
involvement.elevatechuclear MGMT expressiowas alsassociated witlD EswaMgOS. This may

be explainedy effective DNA repaiwhere there isxidative stress i r celésading to

avoidance of apdpsis. Another hypothesis that thereF R X O Q SH[FHVV™ HIIHFW

MGMT which paradoxically also protestancer cellsin rela articulamdjuvant treatment.

Due to our limited dataroadjuvant treatment, we cqd assessabpectNevertheless,
preclinical evidence suggesisole of MGMT in cgbine resistange asurvivinrmediated

manner(27).

One of the most intriguing re ghly significant interaction between FEN1 expression

in tertiary lymphoidstruc d shortened DFS and R#8st of the samples did not have any

FEN1 expression igrT but when pres#rg, prognostic powesvenexceeadthat of TN
classification @study hasuggestedhtratumoralTLS as a favorable prognosindicator
in PDA @ugh we did notomparehe presence of TL@ith survival these results
underlimgthg’mportance aficroenvironment and local immune response in PDR&y also
may{¢mphasize the immunogenic phenotype of PZSL In ourmaterial, TLS were nearly
always intratumorally locateérEN1associatesvith poor outcomealsoin ovarian and breast

cancerg13). At leastin vitro, FEN1 also confers chemoresistance against cisplatin which can be

14



overcome with FEN1 inhibitafl7). Although we did not have adjuvant chemotherapy data, it

would be interesting to assess if FEN&Isolinked to PDAC chemotheragutic agents

Conclusions Q‘&
As discussed above, the expresdmrels of MGMT in the most highisk cases a W the
whole study population emergjas potential prognostiadicatorsof worse in PDAC after
surgical treatment. We also linked CDK4 expression with worse pgs iledrRld and pl16
seem to have only minor raen PDAC. There wresurprisinglyfeMassogi#tionbetween the

studied proteins and traditional clinicopathological parant Qch suggests that the reported
associations with survival are independefniumor sizg an®podal involvement. Further studies are
required not only to assess these issues and cRNir{ the current results, but also to evaluate if FEN1

andMGMT could serve as predictive factd itabine adjuvant therapy.
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Figure legends

Figure 1. KaplaaMeier curves showing diseafee survival (DFS) and relap$ese survival

(RFES) according to FEN1 expressiortantiarylymphoidstructuregTLSs)in peritumoral tissue

(A, B). KaplandMeier curves showing RFS according to CDK4 expressiasiets of Langer@ns

(C) and DFS according to CDK4 expression in cancer cell nuclei (D). Kdpkar curQ
showing overall survival (OS) in T84 cases according to MGMT expression J % ell nuclei
(E). KaplantMeier curves showing OS, DFS and i nodepositive case %gto MGMT

expression in cancer cell nuclei &, H). KaplandMeier curves showij cording to p16

N

Figure 2. Any (A) and no (B) FEN1 expressiori@garg lymphoid stratures (TLS). Any (C) and

expression in tumeassociated fibroblas{(l).

no (D) CDK4 expression in islets of Langer resection margin. High (E) and low (F)

nuclear CDK4 expression PDAC ce @ (G) and low (H) nuclear MGMT expression in

PDAC cells Any (I) and no (J X

Q

QC)

?\

essiontumor-associated fibroblasts. (Low magnification

x10)
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Table 1. Patient characteristics

Characteristic N (%)
Gender
Male 52 (51%)
Female 49 (48%)
Not available 1 (1%)
Age at diagnosis
<50 years 6 (59%)
50-59 years 29 (284%)
60-69 years 31 (304%)
>69 years 29 (284%
Not available 7 (69
Tumour (T)
1 5.9%)
2 28 (27.5%)

; Yes

Not available

Distant metastasis at the tim

of diagnosis (M)

57 (55.9%)
8 (7.8%)

3 (2.9%)

39 (38.2%)
61 (59.8%)

2 (2.0%)

S
N
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No 90 (88.2%)
Yes 10 (9.8%)
Not available 2 (2.0%)

Distant metastasis during

follow-up
No 83 (81.4%)
Yes 19 (18.6%)
Not available 0 (0.0%)
Grade
| 25 (24.5%)
I 42 (41.2%)
1l 27 (26.5%
Not available 8 (7.

Local relapse

No (62.7%)

Yes 35 (34.3%)
Not available &
Type of s er§

urative intentior

3 (2.9%)

5 (4.9%)

83 (81.4%)

er, 14 (13.7%)

Table 2. Immunohistochemical methods
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Primary antibody Manufacturer of the  Dilution Immunostaining
primary antibody method
p16ink4 Ventana Medical 1:4 '‘DNR 5($/CE
(Ref9511) System, Inc., Tucson, (Q9LVLRQE&E "I
USA System (Dako
Denmark A/S,
Glostrup, Denmark
CDK4 Novus Biologicals, 1:100 'DNR 5($/
(NBP1-31308) Littleton, USA (Q9LVL '
System (Ra
Rbl Atlas Antibodies Ab, 1:500
(HPA050082) Bromma, Sweden Q9FVLRQE 'l
(Dako
nmark A/S,
Q lostrup, Denmark)
FEN1 Abcam, Cambridge, 1:1000 Novolink Polymer
(ab109132) UK Detection Systems
(Leica Biosystems,
Newcastle, UK)
0 1} 2 >
MGMT1 Abcam, Cambridge, vs]e]}vi § 8§
(ab108630) UK

A

System (Dako
Denmark A/S,
Glostrup, Denmark)

CDK4, Cycli €
Rb1, Rg
F \ donucleasd

Q

kinase 4

associated proteni

MGNT, O-6-methylguaninddNA methyltransferase

Table 3.Percentageof evaluable cases showing expression of p16inkBK4; Rbl, FENland

MGMT.

Adenocarcinoma cells

Benign exocrine pancreatic
tissue
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Nucleus (%) Cytoplasm (%) Nucleus (%) Cytoplasm (%)

pl16ink4 43.3 44.9 33.3 33.3

CDK4 55.0 17.0 0.0 0.0
Rbl 75.8 13.1 1.2 0.0 &
FEN1 100.0 67.6 100.0 SQ

MGMT 82.0 79.0 79.4

\
o3

CDK4, Cyclindependent kinase 4 0

Rb1, Retinoblastomassociated proteki
FEN1, Flap endonucleask

MGMT, O-6-methylguaninddNA methyltran
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Table 4. Protein expression showing independent prognostic value inanatgvanalysis.

Prot Immunostaining Endp Subgr Cox 95 \Variabl Kapla Media Media
ein location oint oup multiva % €S n n n
(nuclear/cytoplas riate Cl include Mejer surviv surviv
mic/other) analysi din  ynivar alin  alin
s: Risk mﬁlct)i)\(/a iate  low  hj
ratio fiate a}nalys expres pr
analysi 1S:P-  sion n
S value grox oup
n ont
hs)
CD Nuclear, cancer DFS T34 2.148 1.08 CDK4, 0.0 8 7
K4 cells 1- N
4.27
2
CD Islets of RFS - 2.874 1.26 CD 2 64 17
K4 Langerhans, 1- N
benign cells 6.55
MG Nuclear,cancer OS N1 2.148 &l .ONMGMT  0.032 19 12
MT cells T
.32
9
MG Nuclear, cancer DFS N1 1.01 MGMT 0.044 16 9
MT cells 9- T
4.38
5
MG Nuclear, cancer 9.028 2.19 MGMT 0.002 28 14
MT cells 2- T
37.1
79
MG Nuclear, g&n OS T34 1878 0.96 MGMT 0.065 19 12
MT c 2- N
3.66
7
FEN DFS - 2.619 1.13 FEN1, 0.025 18 6
1 2- T,N
O 6.05
9
F TLS RFS - 3.758 1.14 FEN1, 0.029 32 17
1 8- T,N
12.2
99
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CDK4, Cyclindependent kinase 4

MGMT, O-6-methylguaninddNA methyltransferase
FEN1, Flapendonucleasé&

TLS, Tertiary lymphoid structure

OS, Overall survival

DFS, Diseaséree survival

RFS, Relapséee survival
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