Contents

1 Peritoneal Dissemination of Gastrointestinal Tumors............ccccovecneen

1.1 Peritoneal Carcinomatosis from Colorectal Cancer...........c.ccceevvvinnne
1.1.1 Incidence and Natural HiStOTY .........c.cccoveererreerccnarsneserseessins
1.1.2  PathOgenesis.......c.cceciiimiiinrinininuniissiieiniissnenesasenie

1.2

13

2.1
2.2
2.3

24

1.1.3 Predicting

and Predisposing Factors..........cvuevvineseesisonnnns

1.1.4 Diagnostic and Prognostic Evaluation ..........ceccccevvviieiiniinanas

1.1.5 Treatment

...............................................................................

Peritoneal Carcinomatosis from Gastric Cancer........cooevvcirercesinvirnins
1.2.1 Incidence and Natural HiStOry ..........ocevervcinninnesnsnonininnns
1.2.2  PathOEnesiS......cccvcerrieiiinrenininoniiscsesiissiescsesnissssensnies
1.2.3  RiSK FACIOIS c.ccvcreriiimrisicsensiniininsnesessassissssessessssssssassesssssessins
1.2.4 Diagnostic Evaluation..........cccccecrvcennriincsnensiennicnsianens
1.2.5 Staging and Prognostic Tools..........cceecemiinmniininneneesensninnnns

1.2.6 Treatment

...............................................................................

Psendomyxoma Peritonei.........ccoccvvivcvncrneniniiniinininnnne
1.3.1 Incidence and Natural HiStory ........ccccerveeirecnivuinnnsernneisenns

1.3.2 Definition

and BOIOZY ....eovveerirrrreeriiiisiniresesisissesnenie

1.3.3 Nomenclature and Classification .........ccecevrrerererevieenivinveenienns
1.3.4  PathOGenesiS......cccoectriirimiviirniriieinnennscsssnsisnmssesanniens
1.3.5 Clinical Presentation ......u.eeveveiciveeireneesesrssneceenserseosssnrasessesesens

1.3.6 Diagnosis.

1.37 Treatment

...............................................................................

...............................................................................

Mucins and Tumor Biology ............cccceevreeieeniieninieronnsnensnenenesessresssones
Classification.......

MOIECULAT SEIUCTULE ...vvvveeevieiiririiiiiirrietiinrereessssetssssssesecesnsesssseeasssrsnns
Membrane-Associated MUCINS .....cooverviiieiinriiecinieseneiereerecsssressssrenss

2.3.1 MUCt....
Secreted Mucins..
24.1 MUC2...

242 MUCSAC

...............................................................................

...............................................................................

...............................................................................

...............................................................................



viii

Contents

2.5 Regulation of Mucin EXpression ..., 52
2.5.1 Regulation of MUC1 EXPI€SSiON......cccoreuerecsrsenrcrsnsncninisnnnne 53
2.5.2 Regulation of MUC2 and MUCSAC Expression..........cc...... 53

2.6 Mucins in Health and Cancer........c.coevmininisnmrnsccsnneeiannecsssennss 55
2.6.1 Mucins and Gastrointestinal Physiology .......cccvruivirrieennncenes 55
2.6.2 MUuCins i Cancer ........ccoevereriisuniivensisioseesiesninssessasnsssassssesess 57
Bromelain...........ocvvieriiereieieicnineneiese ittt rteseasne st st e s esas s ereses 63
31 HISIOTY.coriecrrcieiiinnssiiie e sre st sbsis st s sssa s snsase st ssesanes 63
3.2 Manufacturing Process SUMMATY ........ccoveervirresiseniernsainnensssse 64
3.3 Biochemical PrOPETHEs .......ccccimiimirteiininineireiciseesinsscsnnntssnssseserssssnes 65
3.4  PharmacoKiNEtiCS ......cevvrerverraresiniensesseiiessssesiessssseinsssriesesreessossessenes 66
3.5 PharmacodynamicCs ........c.cceeeeriirrnmeiismiisinssssrsnse s aresssassaseessesees 67
3.5.1 Anti-inflammatory Effects ......cocccvneiicnnniiennn. 68

3.5.2 Immunomodulatory Effects .......cciiirenienrinnieniennicnnnecenns 68

3.5.3 Antithrombotic and Fibrinolytic ACHVities........couruvrrirvrrenee. 69

3.5.4 Protection Against Ischemia-Reperfusion Injury................... 69

3.5.5 Protective Effects on Gastrointestinal Physiology .......c.cececv.. 69

3.5.6 Potentiation of Antibiotics AbSOIPHON .....ceevreieeenieierinnrcnes 70

3.5.7 Effects on Malignant Growth............ccceoemmmriciinniniiniinenn 70

3.6 Potential and Actual AppLICALIONS ....eevveemireverrersinniesiivisinriesrsresasns 76
3.6.1 Gastrointestinal Health and Disease .........cocvveieirnnnnireniennns 76

3.6.2 INfECHONS....ccivrrieririeirsertsisiresisissessese st s snnesenas 76

3.6.3 Inflammatory DiSEases.....c..ccovverrervrrrareseriiisesessensinisssssiesns 77

3.6.4 Musculoskeletal INJUries .......cocvvvmeersrniniinecieenneecenaeeens 77

3.6.5 Surgical Trauma........covirisiiinimniiencine s cesssssseses 78

3.6.6 Thrombotic and Ischemic Disorders.........c.ccocervvrvercrnsursnennnes 78

3.6.7 Burn Debridement..........c.ooeevvivrivicsenennnninionenmnne. 78

3.0.8  CANCET ..oviviiriccnrrrirereaees et esssrenssesssseesssnsstssesassssnnnas 79

3.7 Safety and TOlerability ..........cccoervevreerersieinninesesssieisreneescrensessesssosees 79
3.7.1  Acute TOXICOIOZY ...vvvvviimcrrecserreinerieresissentrtnrensteesesessssessesses 79

3.7.2 Chronic ToXiCOlOZY......ovmieriiniiniiiinsiiniiticrer e 80

3.7.3  Side Effects ..ccovvvrinrireecenercrennnreniesescssies s ssesssesssssenes 80
N-Acetylcysteine...........cocoiiiiiiecricriniiniiniinreee s 81
4.1 HISEOTY..om ettt r e eneeaessentsrsaese s samesensenenesasaenssaesesren 81
4.2 Manufacturing Process SUmmary .........occcovvcvvneennnnesenenncsvensnans 82
4.3 Biochemical PrOPErties ..........ccecrrerirriverimrereveniesereeearisnssesnssssasessesasses 82
4.4 PharmacoKINELCS ....cceccevvermriiricerreteesernnnierseeseesesentsaessssessnasessresron 83
4.5 PharmacodynammiCs ... ..coueerererieiurerrereriiminisresrsessersessessssmrssnssssssessacs 83
4.5.1 AntioXidant aCtVity........cccerermveeverunreerervensreessesssssessssssessssesses 84
4.5.2 Protein MOdfication ........cceeereeenrienreseseessreassescesnersseessssessenes 85

4.5.3 Detoxification and Chelation .............ccecvvreererereencresverersennns 85
4.5.4 Regulatory Effects on Cell Biology......cccovveernriniececenrsencrennnes 86

4.5.5 Immunomodulation..........cccoevrrrvreerrssereessreersrerssesssnssessssasens 90

4.5.6 Effects on Malignant Growth..............cceerevrerrerreecserererererssenne 91



Contents ix

4.6 Potential and Actual AppliCations .......c.cvvveirveniinrenniiiniiineeienenns 92
4.6.1 Respiratory DiSEASES.......ccecrvremrrrremsinsiiiisieisineseicenieesessinns 92
4.6.2  POISONING......ccemerreeeeereiriere et s eseeneereeeeseesreseeeseestesenae 93
4.6.3 Contrast-Induced Nephropathy ..........ccecorverenerrenencnnnniinns 93
4.6.4 Circulatory DiSEASES .......cecoereerreerrrsrnnesissinsessiesissssoressnsns 94
4.6.5  Viral Infections.......cccvnismnnmimisnnessiinineneninsneesesne 94
4.6.6 Neuropsychiatric DiSOTdErs .........cocevnvciiinninisinmsiscssnnenns 95
4.6.7 Other Potential Applications...........oeerveierienieninnnnnceisserinenins 96

4.7 Safety and Tolerability ........c.cccmnnvennniisoneiinniines 97
4.7.1  Acute TOXICOIOZY vvvveerrrrrerrerernrnirrersssrenesrecsssseesssnessessssneesessens 97
4.7.2 Subacute and Chronic Toxicology ........ocvmivinicrinirnnsniiianes 97
4,73 Side Effects .....ocvviieriecercirieenineirities e 97

5 A Novel Approach to Peritoneal Dissemination
of Mucin-Expressing Malignancies of Gastrointestinal Origin............. 99
5.1 Cytotoxic Effects of Bromelain and N-acetylcysteine
in Single Agent and Combination Treatment

of Human Gastrointestinal Carcinoma Cell Lines, In Vitro .............. 99
5.1.1  INOQUCHOMN. c.vcecrieereeirrirrresienesisseesssersnestesrasasssnssressnessessssnene 99
5.1.2  RESUMS .ceeiiiiiceirecireecei et e e eeetstee s eeeessesssessesaseanresesseesersneans 100
5.1.3  DISCUSSION ...ceveerrreeerenineicireriesstecverorsessessesssssessarsssossessssesssanns 103

5.2 Effects of BR/NAC on Chemosensitivity
of Gastrointestinal Cancer Cells in Sequential

and Combination Therapy In VItro..........ccevnvevriireneesvrennivecnnneessons 112
5.2.1 INrOAUCHION.....cocivrerrnreerirrenriareeeesssnsesersssseressreneesessasasossnens 112
5.2.2 RESUIS...c.eeeceereceeeircererre s seeeeseesesse s s essvresesnvnesressesnassssneens 112
5.2.3  DIiSCUSSION....c.cocverrrirniensrerinessersrnersersnessssssnssssessnesressasassassens 116
5.3 Mucin-Depleting Effects of BR/NAC on Mucin-Expressing
Gastrointestinal Carcinoma Cells .........o.ccverirerenvninennienieseesnesenneens 121
5.3.1 INrOQUCHION.....corcviiiririerrenrierrirresneressns st rneseseracenassrens sssssas 121
5.3.2  RESUIS...cevvvirrereererrieeniensierareeersniseeissesssesesssnasssasssrsssssrsecnsesans 122
5.3.3  DiSCUSSION....iceeriirerrrrinriintiieer e sirieeeeesvsnntiesensesseresessssseasssssssne 126

5.4 Efficacy of Intraperitoneal Administration of BR/NAC
in Two Animal Models of Peritoneal Dissemination

of Human Gastric and Colon Carcinoma........cceceveeveeerivennneesveressenens 138

5.4.1 INOAUCHOMN.....cocivicriiirirecieereeeiiiereereeeeneresssessesessssnesessreneensnns 138

5.4.2 RESUIS....ccuvviiireiieieiiiriieerr e e iesiers s esesarees s snnecsesbesessssresnesnns 140

5.4.3  DISCUSSION.....cceereeiriiiieeriinirrreriseeeresssssinssbbsseesssresssssarsssssess 146

6 Summary and Future Directions ..............c..ccccviiiniciinnnnnecnnninnin 159
6.1 Summary of the STAY .....ccovivinmiiniiicninn e 159

6.2  FUuture DIFECHONS ..ovcvcvevrrcerritrireciinieessisnienessessetnssssesessessasssssnsesessssnns 163
REFEIBIICES .......veveeririrriiieririiittiisreeerserseeseesiiseeesssssssssseessansessssessnsesssssseserssnsssnne 165



