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Appendix: Alterations in microRNAs measured by micr oarray analysis 

 

  
    Control   Garcinol Gemcitabine Combination 

No. Reporter Name Avg Signal Avg Signal Avg Signal Avg Signal 
1 hsa-let-7a 2,338 2,038 2,030 1,995 
2 hsa-let-7a* 8 5 8 12 
3 hsa-let-7a-2* 10 18 11 18 
4 hsa-let-7b 335 339 338 347 
5 hsa-let-7b* 20 16 18 14 
6 hsa-let-7c 467 495 485 422 
7 hsa-let-7c* 11 13 13 13 
8 hsa-let-7d 653 550 435 388 
9 hsa-let-7d* 13 19 17 16 
10 hsa-let-7e 415 320 345 269 
11 hsa-let-7e* 11 14 15 5 
12 hsa-let-7f 955 864 622 572 
13 hsa-let-7f-1* 21 18 29 12 
14 hsa-let-7f-2* 9 11 9 13 
15 hsa-let-7g 192 186 165 151 
16 hsa-let-7g* 7 20 5 14 
17 hsa-let-7i 164 180 155 170 
18 hsa-let-7i* 6 9 9 9 
19 hsa-miR-1 7 13 7 12 
20 hsa-miR-100 248 202 260 218 
21 hsa-miR-100* 9 13 5 13 
22 hsa-miR-101 9 14 6 12 
23 hsa-miR-101* 7 8 7 8 
24 hsa-miR-103 129 92 124 102 
25 hsa-miR-103-2* 13 9 12 13 
26 hsa-miR-103-as 10 9 12 18 
27 hsa-miR-105 14 13 14 12 
28 hsa-miR-105* 6 9 9 16 
29 hsa-miR-106a 68 55 74 66 
30 hsa-miR-106a* 3 12 7 18 
31 hsa-miR-106b 89 59 108 80 
32 hsa-miR-106b* 7 22 10 19 
33 hsa-miR-107 94 92 104 90 
34 hsa-miR-10a 389 335 320 262 
35 hsa-miR-10a* 5 17 14 14 
36 hsa-miR-10b 117 112 99 98 
37 hsa-miR-10b* 7 10 16 11 
38 hsa-miR-1178 4 10 11 12 
39 hsa-miR-1179 7 7 6 10 
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40 hsa-miR-1180 27 27 21 26 
41 hsa-miR-1181 30 34 37 20 
42 hsa-miR-1182 8 7 8 6 
43 hsa-miR-1183 12 10 8 11 
44 hsa-miR-1184 4 23 2 18 
45 hsa-miR-1185 10 10 10 10 
46 hsa-miR-1197 9 11 5 5 
47 hsa-miR-1200 5 11 6 24 
48 hsa-miR-1201 21 24 21 27 
49 hsa-miR-1202 4 10 4 22 
50 hsa-miR-1203 6 2 6 14 
51 hsa-miR-1204 9 13 5 11 
52 hsa-miR-1205 9 11 8 11 
53 hsa-miR-1206 7 9 7 14 
54 hsa-miR-1207-3p 7 19 3 14 
55 hsa-miR-1207-5p 14 16 14 22 
56 hsa-miR-1208 11 13 11 24 
57 hsa-miR-122 12 13 17 19 
58 hsa-miR-122* 5 12 9 11 
59 hsa-miR-1224-3p 18 26 31 3 
60 hsa-miR-1224-5p 30 15 34 25 
61 hsa-miR-1225-3p 13 14 19 12 
62 hsa-miR-1225-5p 6 12 9 14 
63 hsa-miR-1226 10 20 23 21 
64 hsa-miR-1226* 7 11 9 13 
65 hsa-miR-1227 15 20 26 13 
66 hsa-miR-1228 20 34 18 14 
67 hsa-miR-1228* 14 19 9 20 
68 hsa-miR-1229 31 38 56 14 
69 hsa-miR-1231 18 17 12 22 
70 hsa-miR-1233 19 20 18 12 
71 hsa-miR-1234 36 33 36 16 
72 hsa-miR-1236 17 17 13 7 
73 hsa-miR-1237 36 26 35 15 
74 hsa-miR-1238 32 19 24 15 
75 hsa-miR-124 16 55 10 38 
76 hsa-miR-124* 10 6 13 12 
77 hsa-miR-1243 7 13 9 3 
78 hsa-miR-1244 17 8 18 17 
79 hsa-miR-1245 10 7 12 5 
80 hsa-miR-1246 32 15 19 27 
81 hsa-miR-1247 21 36 33 12 
82 hsa-miR-1248 4 11 8 13 
83 hsa-miR-1249 40 34 53 17 
84 hsa-miR-1250 10 12 11 10 
85 hsa-miR-1251 7 6 4 7 
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86 hsa-miR-1252 10 7 8 12 
87 hsa-miR-1253 13 5 9 5 
88 hsa-miR-1254 9 7 11 14 
89 hsa-miR-1255a 11 8 11 9 
90 hsa-miR-1255b 4 14 6 4 
91 hsa-miR-1256 12 11 15 9 
92 hsa-miR-1257 14 12 16 13 
93 hsa-miR-1258 10 8 16 7 
94 hsa-miR-1259 10 8 27 14 
95 hsa-miR-125a-3p 13 10 14 16 
96 hsa-miR-125a-5p 263 206 220 189 
97 hsa-miR-125b 776 772 877 858 
98 hsa-miR-125b-1* 11 10 13 11 
99 hsa-miR-125b-2* 9 9 15 8 
100 hsa-miR-126 34 35 45 31 
101 hsa-miR-126* 7 8 7 7 
102 hsa-miR-1260 74 66 60 69 
103 hsa-miR-1261 7 3 9 10 
104 hsa-miR-1262 7 5 11 8 
105 hsa-miR-1263 7 17 10 9 
106 hsa-miR-1264 4 12 10 10 
107 hsa-miR-1265 7 4 7 17 
108 hsa-miR-1266 6 8 4 15 
109 hsa-miR-1267 10 19 7 8 
110 hsa-miR-1268 56 88 90 139 
111 hsa-miR-1269 7 11 3 9 
112 hsa-miR-1270 8 4 8 8 
113 hsa-miR-1271 9 10 4 9 
114 hsa-miR-1272 10 8 11 6 
115 hsa-miR-1273 9 10 10 7 
116 hsa-miR-127-3p 112 104 79 131 
117 hsa-miR-1274a 64 68 59 65 
118 hsa-miR-1274b 39 51 37 60 
119 hsa-miR-1275 149 182 172 210 
120 hsa-miR-127-5p 11 8 10 15 
121 hsa-miR-1276 11 17 10 14 
122 hsa-miR-1277 21 33 20 25 
123 hsa-miR-1278 10 5 11 11 
124 hsa-miR-1279 8 10 9 15 
125 hsa-miR-128 115 405 128 170 
126 hsa-miR-1280 5,772 7,922 5,321 6,597 
127 hsa-miR-1281 39 59 61 46 
128 hsa-miR-1282 11 7 14 6 
129 hsa-miR-1283 6 7 8 15 
130 hsa-miR-1284 1 11 8 21 
131 hsa-miR-1285 9 7 9 13 
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132 hsa-miR-1286 3 9 4 18 
133 hsa-miR-1287 9 13 9 14 
134 hsa-miR-1288 7 13 13 16 
135 hsa-miR-1289 12 17 60 75 
136 hsa-miR-129* 14 16 28 10 
137 hsa-miR-1290 6 10 12 19 
138 hsa-miR-1291 5 12 4 17 
139 hsa-miR-1292 9 6 9 18 
140 hsa-miR-1293 9 11 10 16 
141 hsa-miR-129-3p 16 29 23 8 
142 hsa-miR-1294 12 8 200 338 
143 hsa-miR-1295 4 13 8 23 
144 hsa-miR-129-5p 14 18 9 21 
145 hsa-miR-1296 6 13 4 13 
146 hsa-miR-1297 6 17 7 14 
147 hsa-miR-1298 8 12 6 14 
148 hsa-miR-1299 12 10 8 13 
149 hsa-miR-1301 8 8 6 16 
150 hsa-miR-1302 6 4 9 7 
151 hsa-miR-1303 12 9 18 14 
152 hsa-miR-1304 10 8 8 14 
153 hsa-miR-1305 17 25 12 26 
154 hsa-miR-1306 8 12 8 11 
155 hsa-miR-1307 20 26 31 35 
156 hsa-miR-1308 304 394 273 328 
157 hsa-miR-130a 12 12 17 21 
158 hsa-miR-130a* 8 12 12 13 
159 hsa-miR-130b 13 8 13 18 
160 hsa-miR-130b* 7 9 11 13 
161 hsa-miR-132 24 64 49 59 
162 hsa-miR-132* 6 6 6 18 
163 hsa-miR-1321 3 10 5 23 
164 hsa-miR-1322 8 7 10 8 
165 hsa-miR-1323 12 8 15 13 
166 hsa-miR-1324 7 7 4 13 
167 hsa-miR-133a 16 19 21 14 
168 hsa-miR-133b 17 14 22 11 
169 hsa-miR-134 68 45 74 61 
170 hsa-miR-135a 12 6 9 8 
171 hsa-miR-135a* 11 15 7 13 
172 hsa-miR-135b 10 5 9 4 
173 hsa-miR-135b* 13 5 8 11 
174 hsa-miR-136 9 9 11 12 
175 hsa-miR-136* 12 12 6 14 
176 hsa-miR-137 13 14 11 13 
177 hsa-miR-138 15 16 14 15 
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178 hsa-miR-138-1* 9 18 6 14 
179 hsa-miR-138-2* 6 10 9 12 
180 hsa-miR-139-3p 8 9 3 15 
181 hsa-miR-139-5p 11 11 7 13 
182 hsa-miR-140-3p 7 21 2 29 
183 hsa-miR-140-5p 6 13 5 8 
184 hsa-miR-141 10 6 6 7 
185 hsa-miR-141* 8 9 5 10 
186 hsa-miR-142-3p 9 4 12 8 
187 hsa-miR-142-5p 9 6 8 12 
188 hsa-miR-143 14 13 10 13 
189 hsa-miR-143* 9 7 9 5 
190 hsa-miR-144 7 9 9 9 
191 hsa-miR-144* 7 8 10 5 
192 hsa-miR-145 11 16 13 10 
193 hsa-miR-145* 10 10 13 8 
194 hsa-miR-1468 7 10 8 9 
195 hsa-miR-1469 52 61 66 123 
196 hsa-miR-146a 415 402 410 394 
197 hsa-miR-146a* 8 14 11 11 
198 hsa-miR-146b-3p 6 10 10 11 
199 hsa-miR-146b-5p 12 11 16 14 
200 hsa-miR-147 12 8 28 13 
201 hsa-miR-1470 26 31 29 12 
202 hsa-miR-1471 7 13 8 16 
203 hsa-miR-147b 10 12 11 15 
204 hsa-miR-148a 9 10 11 7 
205 hsa-miR-148a* 10 9 16 10 
206 hsa-miR-148b 26 21 21 22 
207 hsa-miR-148b* 12 6 18 5 
208 hsa-miR-149 13 16 27 14 
209 hsa-miR-149* 103 160 68 143 
210 hsa-miR-150 14 12 31 11 
211 hsa-miR-150* 11 14 14 19 
212 hsa-miR-151-3p 95 111 76 98 
213 hsa-miR-151-5p 502 511 563 596 
214 hsa-miR-152 18 15 12 20 
215 hsa-miR-153 10 4 8 14 
216 hsa-miR-1537 10 10 9 9 
217 hsa-miR-1538 7 11 6 12 
218 hsa-miR-1539 7 13 3 10 
219 hsa-miR-154 18 11 14 13 
220 hsa-miR-154* 16 13 17 11 
221 hsa-miR-155 39 44 46 54 
222 hsa-miR-155* 7 17 7 12 
223 hsa-miR-15a 14 12 13 12 
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224 hsa-miR-15a* 6 13 5 12 
225 hsa-miR-15b 1,107 932 1,168 930 
226 hsa-miR-15b* 10 6 12 10 
227 hsa-miR-16 678 567 761 689 
228 hsa-miR-16-1* 7 10 8 8 
229 hsa-miR-16-2* 14 14 14 17 
230 hsa-miR-17 66 65 53 69 
231 hsa-miR-17* 3 14 8 5 
232 hsa-miR-181a 56 41 58 61 
233 hsa-miR-181a* 7 13 12 13 
234 hsa-miR-181a-2* 8 10 7 15 
235 hsa-miR-181b 20 19 25 22 
236 hsa-miR-181c 16 14 19 22 
237 hsa-miR-181c* 7 9 6 13 
238 hsa-miR-181d 12 11 11 14 
239 hsa-miR-182 324 290 327 272 
240 hsa-miR-182* 10 9 6 11 
241 hsa-miR-1825 27 30 25 19 
242 hsa-miR-1826 19,512 17,879 16,472 17,219 
243 hsa-miR-1827 5 16 9 17 
244 hsa-miR-183 123 109 103 98 
245 hsa-miR-183* 9 7 8 11 
246 hsa-miR-184 10 9 7 6 
247 hsa-miR-185 41 35 28 33 
248 hsa-miR-185* 9 8 6 12 
249 hsa-miR-186 7 10 8 14 
250 hsa-miR-186* 5 14 6 16 
251 hsa-miR-187 9 9 7 14 
252 hsa-miR-187* 11 15 10 11 
253 hsa-miR-188-3p 2 18 5 22 
254 hsa-miR-188-5p 15 17 17 26 
255 hsa-miR-18a 14 15 18 18 
256 hsa-miR-18a* 8 12 8 10 
257 hsa-miR-18b 7 9 16 11 
258 hsa-miR-18b* 12 21 28 13 
259 hsa-miR-190 6 2 11 10 
260 hsa-miR-1908 15 19 12 27 
261 hsa-miR-1909 4 10 5 8 
262 hsa-miR-1909* 10 7 12 10 
263 hsa-miR-190b 8 6 11 15 
264 hsa-miR-191 1,180 926 1,140 973 
265 hsa-miR-191* 16 14 30 13 
266 hsa-miR-1910 8 14 2 22 
267 hsa-miR-1911 13 14 15 14 
268 hsa-miR-1911* 6 8 10 9 
269 hsa-miR-1912 9 16 9 6 
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270 hsa-miR-1913 29 27 47 16 
271 hsa-miR-1914 37 23 37 12 
272 hsa-miR-1914* 16 12 11 9 
273 hsa-miR-1915 166 239 197 305 
274 hsa-miR-1915* 7 13 10 13 
275 hsa-miR-192 17 17 12 17 
276 hsa-miR-192* 8 8 8 7 
277 hsa-miR-193a-3p 13 13 13 7 
278 hsa-miR-193a-5p 106 91 89 112 
279 hsa-miR-193b 14 18 13 7 
280 hsa-miR-193b* 23 17 17 19 
281 hsa-miR-194 15 16 14 13 
282 hsa-miR-194* 11 10 10 10 
283 hsa-miR-195 36 23 25 33 
284 hsa-miR-195* 23 15 11 9 
285 hsa-miR-196a 500 373 336 284 
286 hsa-miR-196a* 16 5 6 9 
287 hsa-miR-196b 18 12 16 10 
288 hsa-miR-196b* 10 10 7 12 
289 hsa-miR-197 42 37 64 24 
290 hsa-miR-1972 5 14 4 23 
291 hsa-miR-1973 8 10 5 16 
292 hsa-miR-1974 3,919 3,113 4,272 3,421 
293 hsa-miR-1975 2,997 2,808 3,489 2,903 
294 hsa-miR-1976 15 27 22 15 
295 hsa-miR-1977 906 519 848 612 
296 hsa-miR-1978 187 122 169 232 
297 hsa-miR-1979 6,640 5,762 6,615 6,208 
298 hsa-miR-198 8 10 11 10 
299 hsa-miR-199a-3p 8 10 13 9 
300 hsa-miR-199a-5p 9 11 13 10 
301 hsa-miR-199b-5p 7 14 12 12 
302 hsa-miR-19a 11 13 12 12 
303 hsa-miR-19a* 11 6 29 13 
304 hsa-miR-19b 124 113 102 99 
305 hsa-miR-19b-1* 8 20 10 11 
306 hsa-miR-19b-2* 11 5 14 11 
307 hsa-miR-200a 9 11 10 7 
308 hsa-miR-200a* 9 11 10 14 
309 hsa-miR-200b 8 14 15 14 
310 hsa-miR-200b* 7 11 4 14 
311 hsa-miR-200c 11 11 7 7 
312 hsa-miR-200c* 13 17 10 12 
313 hsa-miR-202 11 12 8 6 
314 hsa-miR-202* 6 9 9 6 
315 hsa-miR-203 7 12 10 16 



135 
 

 

316 hsa-miR-204 12 14 10 18 
317 hsa-miR-205 13 15 7 12 
318 hsa-miR-205* 11 8 12 12 
319 hsa-miR-2052 9 11 8 12 
320 hsa-miR-2053 9 7 12 10 
321 hsa-miR-2054 9 11 6 14 
322 hsa-miR-206 10 13 7 13 
323 hsa-miR-208a 9 2 11 10 
324 hsa-miR-208b 15 10 9 8 
325 hsa-miR-20a 89 67 84 90 
326 hsa-miR-20a* 12 10 8 14 
327 hsa-miR-20b 17 19 20 22 
328 hsa-miR-20b* 12 9 10 8 
329 hsa-miR-21 3,857 2,609 3,792 3,007 
330 hsa-miR-21* 4 17 5 12 
331 hsa-miR-210 15 14 15 25 
332 hsa-miR-211 10 16 9 10 
333 hsa-miR-2110 8 20 14 20 
334 hsa-miR-2113 7 7 9 13 
335 hsa-miR-2114 12 18 16 8 
336 hsa-miR-2114* 3 12 8 19 
337 hsa-miR-2115 9 13 5 6 
338 hsa-miR-2115* 7 10 5 20 
339 hsa-miR-2116 7 7 14 23 
340 hsa-miR-2116* 11 15 16 13 
341 hsa-miR-2117 9 10 7 13 
342 hsa-miR-212 15 18 12 11 
343 hsa-miR-214 7 18 14 15 
344 hsa-miR-214* 5 22 3 27 
345 hsa-miR-215 10 10 11 8 
346 hsa-miR-216a 6 11 5 10 
347 hsa-miR-216b 8 7 9 9 
348 hsa-miR-217 9 10 6 15 
349 hsa-miR-218 8 11 7 15 
350 hsa-miR-218-1* 11 15 6 14 
351 hsa-miR-218-2* 10 19 6 20 
352 hsa-miR-219-1-3p 7 9 9 10 
353 hsa-miR-219-2-3p 12 11 11 13 
354 hsa-miR-219-5p 6 13 8 16 
355 hsa-miR-22 27 26 24 28 
356 hsa-miR-22* 15 15 13 11 
357 hsa-miR-220a 5 19 14 14 
358 hsa-miR-220b 7 15 13 20 
359 hsa-miR-220c 5 10 13 13 
360 hsa-miR-221 121 97 132 139 
361 hsa-miR-221* 10 8 20 13 



362 hsa-miR-222 
363 hsa-miR-222* 
364 hsa-miR-223 
365 hsa-miR-223* 
366 hsa-miR-224 
367 hsa-miR-224* 
368 hsa-miR-2276 
369 hsa-miR-2277 
370 hsa-miR-2278 
371 hsa-miR-23a 
372 hsa-miR-23a* 
373 hsa-miR-23b 
374 hsa-miR-23b* 
375 hsa-miR-24 
376 hsa-miR-24-1* 
377 hsa-miR-24-2* 
378 hsa-miR-25 
379 hsa-miR-25* 
380 hsa-miR-26a 
381 hsa-miR-26a-1* 
382 hsa-miR-26a-2* 
383 hsa-miR-26b 
384 hsa-miR-26b* 
385 hsa-miR-27a 
386 hsa-miR-27a* 

387 hsa-miR-27b 

388 hsa-miR-27b* 
389 hsa-miR-28-3p 
390 hsa-miR-28-5p 
391 hsa-miR-296-3p 
392 hsa-miR-296-5p 
393 hsa-miR-297 
394 hsa-miR-298 
395 hsa-miR-299-3p 
396 hsa-miR-299-5p 
397 hsa-miR-29a 
398 hsa-miR-29a* 
399 hsa-miR-29b 
400 hsa-miR-29b-1* 
401 hsa-miR-29b-2* 
402 hsa-miR-29c 
403 hsa-miR-29c* 
404 hsa-miR-300 
405 hsa-miR-301a 
406 hsa-miR-301b 
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155 117 198 
5 8 11 

22 30 35 
7 8 8 
9 13 6 

11 12 11 
12 15 11 
12 13 9 
13 9 11 

3,183 4,233 3,376 
36 39 29 

1,266 1,490 1,171 
10 6 11 

931 752 1,111 
9 9 8 

15 19 8 
298 217 268 
12 12 9 

507 644 537 
7 14 2 
5 15 8 

33 22 20 
7 14 1 

176 114 148 
5 12 6 
 

98 
 

67 90 

9 17 11 
8 10 9 

12 20 13 
6 8 7 

30 25 49 
8 12 14 
3 16 8 
8 13 18 

36 41 59 
646 732 738 

4 12 20 
8 17 27 

34 61 48 
5 4 8 

12 14 9 
8 8 9 
6 8 19 
7 8 11 
6 8 9 

148 
10 
11 
10 
10 
4 

15 
16 
11 

4,476 
42 

1,472 
16 

860 
11 
17 

218 
20 

585 
12 
8 

21 
16 

109 
21 

80 

20 
15 
19 
14 
17 
12 
14 
15 
28 

775 
11 
23 
64 
9 
9 
9 
7 
8 
9 



137 
 

 

407 hsa-miR-302a 7 3 10 10 
408 hsa-miR-302a* 7 8 12 11 
409 hsa-miR-302b 11 14 14 8 
410 hsa-miR-302b* 8 7 12 9 
411 hsa-miR-302c 11 8 12 12 
412 hsa-miR-302c* 12 14 9 9 
413 hsa-miR-302d 19 12 6 8 
414 hsa-miR-302d* 10 14 8 12 
415 hsa-miR-302e 12 12 9 13 
416 hsa-miR-302f 14 14 10 24 
417 hsa-miR-30a 56 52 47 55 
418 hsa-miR-30a* 29 41 24 42 
419 hsa-miR-30b 89 83 79 77 
420 hsa-miR-30b* 6 7 8 14 
421 hsa-miR-30c 393 375 388 351 
422 hsa-miR-30c-1* 11 17 13 19 
423 hsa-miR-30c-2* 12 13 44 87 
424 hsa-miR-30d 52 59 45 36 
425 hsa-miR-30d* 9 8 7 7 
426 hsa-miR-30e 30 23 23 23 
427 hsa-miR-30e* 14 16 13 24 
428 hsa-miR-31 379 350 464 448 
429 hsa-miR-31* 11 14 17 19 
430 hsa-miR-32 7 9 12 10 
431 hsa-miR-32* 2 18 9 13 
432 hsa-miR-320a 189 163 173 175 
433 hsa-miR-320b 103 99 97 118 
434 hsa-miR-320c 128 132 113 112 
435 hsa-miR-320d 25 25 11 18 
436 hsa-miR-323-3p 9 14 23 15 
437 hsa-miR-323-5p 7 16 7 24 
438 hsa-miR-324-3p 11 21 13 21 
439 hsa-miR-324-5p 22 21 16 18 
440 hsa-miR-325 7 8 5 12 
441 hsa-miR-326 13 21 7 13 
442 hsa-miR-328 15 26 15 13 
443 hsa-miR-329 31 28 26 32 
444 hsa-miR-330-3p 6 11 4 11 
445 hsa-miR-330-5p 10 22 4 17 
446 hsa-miR-331-3p 14 20 11 20 
447 hsa-miR-331-5p 9 9 9 13 
448 hsa-miR-335 5 13 11 12 
449 hsa-miR-335* 6 13 12 14 
450 hsa-miR-337-3p 7 15 12 13 
451 hsa-miR-337-5p 10 10 12 13 
452 hsa-miR-338-3p 6 10 7 10 
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453 hsa-miR-338-5p 9 9 9 14 
454 hsa-miR-339-3p 6 24 5 24 
455 hsa-miR-339-5p 13 20 12 14 
456 hsa-miR-33a 8 7 11 10 
457 hsa-miR-33a* 3 5 9 14 
458 hsa-miR-33b 9 7 12 13 
459 hsa-miR-33b* 10 22 11 15 
460 hsa-miR-340 5 9 12 7 
461 hsa-miR-340* 8 12 12 16 
462 hsa-miR-342-3p 47 65 54 51 
463 hsa-miR-342-5p 12 13 19 11 
464 hsa-miR-345 20 43 15 18 
465 hsa-miR-346 9 18 15 9 
466 hsa-miR-34a 12 7 9 10 
467 hsa-miR-34a* 8 16 6 4 
468 hsa-miR-34b 13 14 8 13 
469 hsa-miR-34b* 11 13 10 4 
470 hsa-miR-34c-3p 15 21 16 16 
471 hsa-miR-34c-5p 10 7 11 14 
472 hsa-miR-361-3p 14 22 19 10 
473 hsa-miR-361-5p 278 248 280 257 
474 hsa-miR-362-3p 11 11 14 9 
475 hsa-miR-362-5p 23 16 13 15 
476 hsa-miR-363 20 7 11 15 
477 hsa-miR-363* 11 10 4 10 
478 hsa-miR-365 18 20 24 8 
479 hsa-miR-365* 16 10 9 15 
480 hsa-miR-367 13 11 8 9 
481 hsa-miR-367* 10 9 10 10 
482 hsa-miR-369-3p 14 9 9 10 
483 hsa-miR-369-5p 10 6 6 9 
484 hsa-miR-370 9 14 8 14 
485 hsa-miR-371-3p 6 18 9 17 
486 hsa-miR-371-5p 11 16 9 19 
487 hsa-miR-372 10 8 14 14 
488 hsa-miR-373 7 10 13 9 
489 hsa-miR-373* 6 13 9 19 
490 hsa-miR-374a 4 10 9 9 
491 hsa-miR-374a* 4 11 6 11 
492 hsa-miR-374b 5 12 13 13 
493 hsa-miR-374b* 6 3 7 22 
494 hsa-miR-375 8 15 11 17 
495 hsa-miR-376a 51 33 27 33 
496 hsa-miR-376a* 9 10 17 14 
497 hsa-miR-376b 7 7 12 15 
498 hsa-miR-376c 82 68 70 67 
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499 hsa-miR-377 20 1,986 25 768 
500 hsa-miR-377* 11 9 12 11 
501 hsa-miR-378 28 23 36 29 
502 hsa-miR-378* 17 15 10 13 
503 hsa-miR-379 68 55 81 52 
504 hsa-miR-379* 24 23 20 21 
505 hsa-miR-380 9 10 16 13 
506 hsa-miR-380* 7 14 10 14 
507 hsa-miR-381 9 12 16 11 
508 hsa-miR-382 86 70 90 96 
509 hsa-miR-383 12 6 9 16 
510 hsa-miR-384 8 13 6 12 
511 hsa-miR-409-3p 41 40 27 23 
512 hsa-miR-409-5p 16 12 9 15 
513 hsa-miR-410 14 16 11 17 
514 hsa-miR-411 16 14 11 19 
515 hsa-miR-411* 48 27 32 32 
516 hsa-miR-412 10 11 11 9 
517 hsa-miR-421 16 19 16 16 
518 hsa-miR-422a 13 15 6 15 
519 hsa-miR-423-3p 22 18 16 10 
520 hsa-miR-423-5p 504 355 696 544 
521 hsa-miR-424 10 11 8 16 
522 hsa-miR-424* 22 28 22 44 
523 hsa-miR-425 121 115 132 115 
524 hsa-miR-425* 33 21 30 14 
525 hsa-miR-429 12 8 10 7 
526 hsa-miR-431 26 26 33 35 
527 hsa-miR-431* 10 14 15 25 
528 hsa-miR-432 323 282 424 377 
529 hsa-miR-432* 8 11 7 7 
530 hsa-miR-433 34 27 35 36 
531 hsa-miR-448 6 9 11 16 
532 hsa-miR-449a 10 7 12 9 
533 hsa-miR-449b 18 9 13 10 
534 hsa-miR-449b* 23 28 12 13 
535 hsa-miR-449c 10 10 11 13 
536 hsa-miR-449c* 9 17 22 14 
537 hsa-miR-450a 6 6 9 6 
538 hsa-miR-450b-3p 8 12 15 9 
539 hsa-miR-450b-5p 7 11 9 12 
540 hsa-miR-451 10 11 6 14 
541 hsa-miR-452 9 10 8 10 
542 hsa-miR-452* 7 9 8 12 
543 hsa-miR-453 8 199 4 210 
544 hsa-miR-454 38 22 21 23 
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545 hsa-miR-454* 11 12 7 7 
546 hsa-miR-455-3p 8 13 5 18 
547 hsa-miR-455-5p 10 13 9 8 
548 hsa-miR-483-3p 30 31 21 13 
549 hsa-miR-483-5p 135 140 89 139 
550 hsa-miR-484 30 25 30 17 
551 hsa-miR-485-3p 35 45 32 17 
552 hsa-miR-485-5p 25 19 15 19 
553 hsa-miR-486-3p 17 21 9 11 
554 hsa-miR-486-5p 39 30 31 29 
555 hsa-miR-487a 12 15 15 13 
556 hsa-miR-487b 88 59 88 85 
557 hsa-miR-488 8 7 11 4 
558 hsa-miR-488* 10 14 11 14 
559 hsa-miR-489 11 7 14 13 
560 hsa-miR-490-3p 6 11 12 10 
561 hsa-miR-490-5p 10 12 10 12 
562 hsa-miR-491-3p 6 14 13 6 
563 hsa-miR-491-5p 15 13 17 11 
564 hsa-miR-492 12 8 10 8 
565 hsa-miR-493 13 19 17 16 
566 hsa-miR-493* 31 19 28 19 
567 hsa-miR-494 94 48 72 64 
568 hsa-miR-495 218 99 186 90 
569 hsa-miR-496 16 12 13 12 
570 hsa-miR-497 9 11 6 15 
571 hsa-miR-497* 10 13 7 11 
572 hsa-miR-498 32 56 41 52 
573 hsa-miR-499-3p 13 12 7 10 
574 hsa-miR-499-5p 14 11 11 10 
575 hsa-miR-500 15 14 7 17 
576 hsa-miR-500* 15 13 9 16 
577 hsa-miR-501-3p 14 16 7 16 
578 hsa-miR-501-5p 24 15 14 16 
579 hsa-miR-502-3p 14 19 6 13 
580 hsa-miR-502-5p 14 12 9 12 
581 hsa-miR-503 38 20 20 22 
582 hsa-miR-504 7 10 8 10 
583 hsa-miR-505 18 11 6 12 
584 hsa-miR-505* 28 19 14 22 
585 hsa-miR-506 10 17 14 10 
586 hsa-miR-507 7 8 7 11 
587 hsa-miR-508-3p 7 10 7 15 
588 hsa-miR-508-5p 3 10 2 17 
589 hsa-miR-509-3-5p 5 11 6 14 
590 hsa-miR-509-3p 10 6 8 12 
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591 hsa-miR-509-5p 6 10 2 15 
592 hsa-miR-510 7 14 7 23 
593 hsa-miR-511 8 8 9 10 
594 hsa-miR-512-3p 5 7 9 9 
595 hsa-miR-512-5p 6 11 7 18 
596 hsa-miR-513a-3p 7 7 12 15 
597 hsa-miR-513a-5p 6 10 5 14 
598 hsa-miR-513b 8 14 9 9 
599 hsa-miR-513c 7 12 14 16 
600 hsa-miR-514 9 11 15 14 
601 hsa-miR-515-3p 10 9 22 13 
602 hsa-miR-515-5p 11 7 14 9 
603 hsa-miR-516a-3p 10 3 15 5 
604 hsa-miR-516a-5p 9 7 16 11 
605 hsa-miR-516b 12 7 14 14 
606 hsa-miR-517* 10 6 6 5 
607 hsa-miR-517a 13 10 15 12 
608 hsa-miR-517b 14 16 14 15 
609 hsa-miR-517c 12 5 16 13 
610 hsa-miR-518a-3p 8 19 7 12 
611 hsa-miR-518a-5p 10 8 11 6 
612 hsa-miR-518b 21 17 12 16 
613 hsa-miR-518c 13 9 6 8 
614 hsa-miR-518c* 21 12 10 16 
615 hsa-miR-518d-3p 11 5 7 13 
616 hsa-miR-518d-5p 11 10 4 10 
617 hsa-miR-518e 11 14 4 9 
618 hsa-miR-518e* 13 8 67 169 
619 hsa-miR-518f 9 8 8 5 
620 hsa-miR-518f* 9 9 5 14 
621 hsa-miR-519a 9 9 10 5 
622 hsa-miR-519b-3p 11 9 7 11 
623 hsa-miR-519c-3p 17 9 7 12 
624 hsa-miR-519d 23 13 13 8 
625 hsa-miR-519e 20 12 9 13 
626 hsa-miR-519e* 13 6 6 8 
627 hsa-miR-520a-3p 15 12 13 11 
628 hsa-miR-520a-5p 24 13 6 6 
629 hsa-miR-520b 15 9 14 12 
630 hsa-miR-520c-3p 10 6 10 10 
631 hsa-miR-520d-3p 12 6 12 13 
632 hsa-miR-520d-5p 7 11 11 17 
633 hsa-miR-520e 11 7 12 6 
634 hsa-miR-520f 11 17 18 11 
635 hsa-miR-520g 12 8 14 8 
636 hsa-miR-520h 11 9 13 6 
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637 hsa-miR-521 20 9 13 9 
638 hsa-miR-522 21 13 15 11 
639 hsa-miR-523 9 15 3 17 
640 hsa-miR-524-3p 21 8 9 10 
641 hsa-miR-524-5p 10 7 6 5 
642 hsa-miR-525-3p 10 8 6 7 
643 hsa-miR-525-5p 8 10 6 12 
644 hsa-miR-526b 11 9 10 7 
645 hsa-miR-526b* 11 5 9 7 
646 hsa-miR-532-3p 13 22 9 17 
647 hsa-miR-532-5p 19 13 11 23 
648 hsa-miR-539 21 14 24 16 
649 hsa-miR-541 9 8 5 7 
650 hsa-miR-541* 11 10 6 12 
651 hsa-miR-542-3p 11 12 3 11 
652 hsa-miR-542-5p 11 8 9 12 
653 hsa-miR-543 16 13 10 20 
654 hsa-miR-544 9 12 16 5 
655 hsa-miR-545 10 8 12 14 
656 hsa-miR-545* 13 7 12 10 
657 hsa-miR-548a-3p 11 7 7 13 
658 hsa-miR-548a-5p 25 10 12 10 
659 hsa-miR-548b-3p 18 9 14 13 
660 hsa-miR-548b-5p 13 7 17 9 
661 hsa-miR-548c-3p 8 8 10 9 
662 hsa-miR-548c-5p 13 8 13 8 
663 hsa-miR-548d-3p 11 4 10 10 
664 hsa-miR-548d-5p 14 5 11 8 
665 hsa-miR-548e 13 7 23 10 
666 hsa-miR-548f 20 24 10 12 
667 hsa-miR-548g 11 5 3 14 
668 hsa-miR-548h 41 42 32 23 
669 hsa-miR-548i 11 8 12 6 
670 hsa-miR-548j 16 5 18 14 
671 hsa-miR-548k 18 11 11 9 
672 hsa-miR-548l 16 10 11 10 
673 hsa-miR-548m 52 97 64 74 
674 hsa-miR-548n 13 15 9 10 
675 hsa-miR-548o 8 5 4 11 
676 hsa-miR-548p 17 9 11 12 
677 hsa-miR-548q 15 17 11 22 
678 hsa-miR-549 13 8 12 12 
679 hsa-miR-550 18 23 12 17 
680 hsa-miR-550* 20 17 20 9 
681 hsa-miR-551a 23 17 41 11 
682 hsa-miR-551b 11 9 5 12 
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683 hsa-miR-551b* 12 11 5 15 
684 hsa-miR-552 6 2 6 5 
685 hsa-miR-553 7 8 8 12 
686 hsa-miR-554 7 7 7 13 
687 hsa-miR-555 16 15 19 11 
688 hsa-miR-556-3p 8 6 8 13 
689 hsa-miR-556-5p 8 7 10 9 
690 hsa-miR-557 9 16 12 18 
691 hsa-miR-558 6 15 7 15 
692 hsa-miR-559 7 13 11 9 
693 hsa-miR-561 7 8 4 17 
694 hsa-miR-562 6 6 7 15 
695 hsa-miR-563 11 18 17 7 
696 hsa-miR-564 9 9 25 15 
697 hsa-miR-566 17 18 10 12 
698 hsa-miR-567 9 6 14 7 
699 hsa-miR-568 13 8 16 13 
700 hsa-miR-569 7 12 15 11 
701 hsa-miR-570 6 12 9 8 
702 hsa-miR-571 7 9 20 13 
703 hsa-miR-572 4 11 9 10 
704 hsa-miR-573 4 6 8 14 
705 hsa-miR-574-3p 67 49 68 54 
706 hsa-miR-574-5p 120 137 98 120 
707 hsa-miR-575 41 58 37 67 
708 hsa-miR-576-3p 5 4 7 6 
709 hsa-miR-576-5p 8 8 17 10 
710 hsa-miR-577 6 9 7 13 
711 hsa-miR-578 4 8 6 7 
712 hsa-miR-579 8 10 8 9 
713 hsa-miR-580 8 10 9 10 
714 hsa-miR-581 4 5 9 4 
715 hsa-miR-582-3p 8 11 9 8 
716 hsa-miR-582-5p 9 8 11 10 
717 hsa-miR-583 5 8 7 12 
718 hsa-miR-584 10 13 10 14 
719 hsa-miR-585 7 15 9 12 
720 hsa-miR-586 5 10 8 8 
721 hsa-miR-587 6 10 9 8 
722 hsa-miR-588 4 15 6 9 
723 hsa-miR-589 8 15 11 16 
724 hsa-miR-589* 9 13 7 16 
725 hsa-miR-590-3p 5 7 7 4 
726 hsa-miR-590-5p 10 8 10 11 
727 hsa-miR-591 7 16 12 13 
728 hsa-miR-592 8 8 12 6 
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729 hsa-miR-593 14 14 12 13 
730 hsa-miR-593* 6 5 8 7 
731 hsa-miR-595 13 9 15 14 
732 hsa-miR-596 31 32 42 17 
733 hsa-miR-597 11 10 15 12 
734 hsa-miR-598 8 11 14 11 
735 hsa-miR-599 6 6 14 12 
736 hsa-miR-600 11 11 17 15 
737 hsa-miR-601 15 11 21 16 
738 hsa-miR-602 14 19 14 18 
739 hsa-miR-603 6 7 6 12 
740 hsa-miR-604 10 10 12 28 
741 hsa-miR-605 69 123 26 13 
742 hsa-miR-606 11 5 10 7 
743 hsa-miR-607 10 11 10 9 
744 hsa-miR-608 17 7 19 14 
745 hsa-miR-609 17 8 14 11 
746 hsa-miR-610 9 10 8 14 
747 hsa-miR-611 17 17 19 15 
748 hsa-miR-612 11 16 10 14 
749 hsa-miR-613 20 8 13 11 
750 hsa-miR-614 12 10 10 5 
751 hsa-miR-615-3p 29 25 23 23 
752 hsa-miR-615-5p 10 21 14 11 
753 hsa-miR-616 10 6 9 14 
754 hsa-miR-616* 12 10 12 13 
755 hsa-miR-617 20 14 13 16 
756 hsa-miR-618 12 7 10 6 
757 hsa-miR-619 12 9 18 9 
758 hsa-miR-620 9 6 11 7 
759 hsa-miR-621 9 5 11 12 
760 hsa-miR-622 10 4 16 10 
761 hsa-miR-623 15 11 14 16 
762 hsa-miR-624 8 5 8 15 
763 hsa-miR-624* 10 7 14 9 
764 hsa-miR-625 10 2 13 15 
765 hsa-miR-625* 29 15 40 22 
766 hsa-miR-626 7 6 10 9 
767 hsa-miR-627 23 15 17 7 
768 hsa-miR-628-3p 12 9 11 11 
769 hsa-miR-628-5p 13 5 20 13 
770 hsa-miR-629 14 13 15 12 
771 hsa-miR-629* 36 38 30 11 
772 hsa-miR-630 16 12 16 8 
773 hsa-miR-631 13 17 14 10 
774 hsa-miR-632 10 8 9 5 
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775 hsa-miR-633 9 9 10 6 
776 hsa-miR-634 26 26 25 12 
777 hsa-miR-635 13 7 12 10 
778 hsa-miR-636 20 25 29 12 
779 hsa-miR-637 16 14 15 14 
780 hsa-miR-638 758 994 812 1,189 
781 hsa-miR-639 11 13 11 8 
782 hsa-miR-640 132 324 14 7 
783 hsa-miR-641 19 14 21 11 
784 hsa-miR-642 30 17 29 14 
785 hsa-miR-643 5 7 10 7 
786 hsa-miR-644 7 6 9 14 
787 hsa-miR-645 5 9 6 9 
788 hsa-miR-646 3 6 7 5 
789 hsa-miR-647 11 17 14 9 
790 hsa-miR-648 5 15 14 9 
791 hsa-miR-649 6 2 8 8 
792 hsa-miR-650 8 14 13 10 
793 hsa-miR-651 6 7 11 5 
794 hsa-miR-652 8 11 11 17 
795 hsa-miR-653 16 9 9 8 
796 hsa-miR-654-3p 36 39 45 37 
797 hsa-miR-654-5p 22 19 25 18 
798 hsa-miR-655 7 9 20 7 
799 hsa-miR-656 7 11 27 10 
800 hsa-miR-657 18 21 45 11 
801 hsa-miR-658 9 15 6 12 
802 hsa-miR-659 11 17 9 15 
803 hsa-miR-660 10 18 21 13 
804 hsa-miR-661 4 12 13 9 
805 hsa-miR-662 8 24 17 11 
806 hsa-miR-663 72 115 79 131 
807 hsa-miR-663b 5 19 7 14 
808 hsa-miR-664 11 16 21 6 
809 hsa-miR-664* 6 13 15 12 
810 hsa-miR-665 15 24 13 12 
811 hsa-miR-668 26 21 17 11 
812 hsa-miR-670 8 12 5 7 
813 hsa-miR-671-3p 13 25 11 15 
814 hsa-miR-671-5p 27 32 16 33 
815 hsa-miR-675 21 18 9 12 
816 hsa-miR-675* 26 29 29 8 
817 hsa-miR-7 15 14 13 15 
818 hsa-miR-708 9 7 8 9 
819 hsa-miR-708* 4 8 8 9 
820 hsa-miR-7-1* 7 13 8 24 
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821 hsa-miR-711 6 21 3 14 
822 hsa-miR-718 30 38 34 16 
823 hsa-miR-7-2* 6 16 6 12 
824 hsa-miR-720 1,824 2,463 1,989 2,427 
825 hsa-miR-744 9 15 7 12 
826 hsa-miR-744* 11 9 12 14 
827 hsa-miR-758 14 16 16 17 
828 hsa-miR-759 6 10 8 1 
829 hsa-miR-760 7 8 6 17 
830 hsa-miR-761 6 7 11 11 
831 hsa-miR-762 70 120 89 131 
832 hsa-miR-764 26 36 14 13 
833 hsa-miR-765 40 39 39 57 
834 hsa-miR-766 36 31 64 14 
835 hsa-miR-767-3p 19 27 17 12 
836 hsa-miR-767-5p 8 6 11 6 
837 hsa-miR-769-3p 9 14 14 20 
838 hsa-miR-769-5p 12 13 13 12 
839 hsa-miR-770-5p 11 13 6 12 
840 hsa-miR-802 8 3 3 6 
841 hsa-miR-873 10 12 9 9 
842 hsa-miR-874 6 12 5 23 
843 hsa-miR-875-3p 8 9 5 10 
844 hsa-miR-875-5p 14 18 12 9 
845 hsa-miR-876-3p 7 8 8 8 
846 hsa-miR-876-5p 9 9 10 13 
847 hsa-miR-877 65 47 78 71 
848 hsa-miR-877* 21 23 24 10 
849 hsa-miR-885-3p 10 13 6 20 
850 hsa-miR-885-5p 18 15 8 9 
851 hsa-miR-886-3p 8 8 5 8 
852 hsa-miR-886-5p 7 3 8 14 
853 hsa-miR-887 9 22 4 19 
854 hsa-miR-888 8 15 7 10 
855 hsa-miR-888* 7 8 8 16 
856 hsa-miR-889 7 6 8 5 
857 hsa-miR-890 9 5 5 13 
858 hsa-miR-891a 6 8 11 4 
859 hsa-miR-891b 5 8 8 6 
860 hsa-miR-892a 9 8 3 10 
861 hsa-miR-892b 6 9 4 6 
862 hsa-miR-9 9 8 9 11 
863 hsa-miR-9* 16 15 9 9 
864 hsa-miR-920 8 8 6 9 
865 hsa-miR-921 9 5 7 11 
866 hsa-miR-922 9 10 5 25 
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867 hsa-miR-924 11 11 5 7 
868 hsa-miR-92a 1,369 1,405 1,492 1,526 
869 hsa-miR-92a-1* 11 11 7 22 
870 hsa-miR-92a-2* 9 6 8 7 
871 hsa-miR-92b 496 465 520 517 
872 hsa-miR-92b* 9 15 4 10 
873 hsa-miR-93 54 35 47 47 
874 hsa-miR-93* 16 23 6 11 
875 hsa-miR-933 29 24 26 11 
876 hsa-miR-934 20 5 11 12 
877 hsa-miR-935 8 23 4 22 
878 hsa-miR-936 31 12 12 23 
879 hsa-miR-937 11 17 7 17 
880 hsa-miR-938 7 10 5 8 
881 hsa-miR-939 13 17 6 16 
882 hsa-miR-940 63 63 64 42 
883 hsa-miR-941 7 4 4 8 
884 hsa-miR-942 7 7 6 7 
885 hsa-miR-943 7 15 11 9 
886 hsa-miR-944 8 8 11 8 
887 hsa-miR-95 5 7 5 12 
888 hsa-miR-96 7 14 7 4 
889 hsa-miR-96* 6 4 7 9 
890 hsa-miR-98 18 26 12 19 
891 hsa-miR-99a 19 24 33 51 
892 hsa-miR-99a* 5 11 9 15 
893 hsa-miR-99b 57 61 68 65 
894 hsa-miR-99b* 3 7 5 18 

  



148 
 

 

REFERENCES 

1. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun MJ: Cancer statistics, 2009. CA Cancer 

J Clin 2009, 59(4):225-249. 

2. Alberts BM: Cell biology: recipes for replication. Nature 1990, 346(6284):514-515. 

3. Klimstra DS, Lonardo F: Microglandular carcinoma of the pancreas. Am J Clin Pathol 

1997, 107(6):711-713. 

4. Pavlidis N, Briasoulis E, Hainsworth J, Greco FA: Diagnostic and therapeutic 

management of cancer of an unknown primary. Eur J Cancer 2003, 39(14):1990-

2005. 

5. Boffetta P, Aagnes B, Weiderpass E, Andersen A: Smokeless tobacco use and risk of 

cancer of the pancreas and other organs. Int J Cancer 2005, 114(6):992-995. 

6. Evans DB, Wolff RA, Crane CH: Neoadjuvant strategies for pancreatic cancer. 

Oncology (Williston Park) 2001, 15(6):727-737; discussion 741-724, 747. 

7. Bishop JM: Molecular themes in oncogenesis. Cell 1991, 64(2):235-248. 

8. Hunter T: Cooperation between oncogenes. Cell 1991, 64(2):249-270. 

9. Weinberg RA: Tumor suppressor genes. Science 1991, 254(5035):1138-1146. 

10. Kinzler KW, Vogelstein B: Cancer-susceptibility genes. Gatekeepers and caretakers. 

Nature 1997, 386(6627):761, 763. 

11. Almoguera C, Shibata D, Forrester K, Martin J, Arnheim N, Perucho M: Most human 

carcinomas of the exocrine pancreas contain mutant c-K-ras genes. Cell 1988, 

53(4):549-554. 



149 
 

 

12. Mayo MW, Wang CY, Cogswell PC, Rogers-Graham KS, Lowe SW, Der CJ, Baldwin 

AS, Jr.: Requirement of NF-kappaB activation to suppress p53-independent 

apoptosis induced by oncogenic Ras. Science 1997, 278(5344):1812-1815. 

13. Luttges J, Reinecke-Luthge A, Mollmann B, Menke MA, Clemens A, Klimpfinger M, 

Sipos B, Kloppel G: Duct changes and K-ras mutations in the disease-free pancreas: 

analysis of type, age relation and spatial distribution. Virchows Arch 1999, 

435(5):461-468. 

14. Furukawa T, Sunamura M, Horii A: Molecular mechanisms of pancreatic 

carcinogenesis. Cancer Sci 2006, 97(1):1-7. 

15. Mimeault M, Brand RE, Sasson AA, Batra SK: Recent advances on the molecular 

mechanisms involved in pancreatic cancer progression and therapies. Pancreas 

2005, 31(4):301-316. 

16. Bardeesy N, DePinho RA: Pancreatic cancer biology and genetics. Nat Rev Cancer 

2002, 2(12):897-909. 

17. Murphy LO, Cluck MW, Lovas S, Otvos F, Murphy RF, Schally AV, Permert J, Larsson 

J, Knezetic JA, Adrian TE: Pancreatic cancer cells require an EGF receptor-mediated 

autocrine pathway for proliferation in serum-free conditions. Br J Cancer 2001, 

84(7):926-935. 

18. Yamanaka Y, Friess H, Kobrin MS, Buchler M, Beger HG, Korc M: Coexpression of 

epidermal growth factor receptor and ligands in human pancreatic cancer is 

associated with enhanced tumor aggressiveness. Anticancer Res 1993, 13(3):565-569. 

19. Feng J, Adsay NV, Kruger M, Ellis KL, Nagothu K, Majumdar AP, Sarkar FH: 

Expression of ERRP in normal and neoplastic pancreata and its relationship to 



150 
 

 

clinicopathologic parameters in pancreatic adenocarcinoma. Pancreas 2002, 

25(4):342-349. 

20. Xie K, Abbruzzese JL: Developmental biology informs cancer: the emerging role of 

the hedgehog signaling pathway in upper gastrointestinal cancers. Cancer Cell 2003, 

4(4):245-247. 

21. Miyamoto Y, Maitra A, Ghosh B, Zechner U, Argani P, Iacobuzio-Donahue CA, 

Sriuranpong V, Iso T, Meszoely IM, Wolfe MS et al: Notch mediates TGF alpha-

induced changes in epithelial differentiation during pancreatic tumorigenesis. 

Cancer Cell 2003, 3(6):565-576. 

22. Heiser PW, Hebrok M: Development and cancer: lessons learned in the pancreas. Cell 

Cycle 2004, 3(3):270-272. 

23. Joo YE, Sohn YH, Joo SY, Lee WS, Min SW, Park CH, Rew JS, Choi SK, Park CS, Kim 

YJ et al: The role of vascular endothelial growth factor (VEGF) and p53 status for 

angiogenesis in gastric cancer. Korean J Intern Med 2002, 17(4):211-219. 

24. Zeng H, Datta K, Neid M, Li J, Parangi S, Mukhopadhyay D: Requirement of different 

signaling pathways mediated by insulin-like growth factor-I receptor for 

proliferation, invasion, and VPF/VEGF expression in a pancreatic carcinoma cell 

line. Biochem Biophys Res Commun 2003, 302(1):46-55. 

25. Shinkaruk S, Bayle M, Lain G, Deleris G: Vascular endothelial cell growth factor 

(VEGF), an emerging target for cancer chemotherapy. Curr Med Chem Anticancer 

Agents 2003, 3(2):95-117. 

 
 



151 
 

 

26. Scartozzi M, Pierantoni C, Berardi R, Antognoli S, Bearzi I, Cascinu S: Epidermal 

growth factor receptor: a promising therapeutic target for colorectal cancer. Anal 

Quant Cytol Histol 2006, 28(2):61-68. 

27. Hicklin DJ, Ellis LM: Role of the vascular endothelial growth factor pathway in 

tumor growth and angiogenesis. J Clin Oncol 2005, 23(5):1011-1027. 

28. Ferrara N, Frantz G, LeCouter J, Dillard-Telm L, Pham T, Draksharapu A, Giordano T, 

Peale F: Differential expression of the angiogenic factor genes vascular endothelial 

growth factor (VEGF) and endocrine gland-derived VEGF in normal and polycystic 

human ovaries. Am J Pathol 2003, 162(6):1881-1893. 

29. Zhao L, Wang K, Ferrara N, Vu TH: Vascular endothelial growth factor co-ordinates 

proper development of lung epithelium and vasculature. Mech Dev 2005, 122(7-

8):877-886. 

30. Kowanetz M, Ferrara N: Vascular endothelial growth factor signaling pathways: 

therapeutic perspective. Clin Cancer Res 2006, 12(17):5018-5022. 

31. Ng YH, Zhu H, Pallen CJ, Leung PC, MacCalman CD: Differential effects of 

interleukin-1beta and transforming growth factor-beta1 on the expression of the 

inflammation-associated protein, ADAMTS-1, in human decidual stromal cells in 

vitro . Hum Reprod 2006, 21(8):1990-1999. 

32. Ye F, Chen HZ, Xie X, Ye DF, Lu WG, Ding ZM: Vascular endothelial growth factor 

(VEGF) and ovarian carcinoma cell supernatant activate signal transducers and 

activators of transcription (STATs) via VEGF receptor-2 (KDR) in human 

hemopoietic progenitor cells. Gynecol Oncol 2004, 94(1):125-133. 



152 
 

 

33. Rosenbaum E, Hoque MO, Cohen Y, Zahurak M, Eisenberger MA, Epstein JI, Partin 

AW, Sidransky D: Promoter hypermethylation as an independent prognostic factor 

for relapse in patients with prostate cancer following radical prostatectomy. Clin 

Cancer Res 2005, 11(23):8321-8325. 

34. Plouet J, Moro F, Bertagnolli S, Coldeboeuf N, Mazarguil H, Clamens S, Bayard F: 

Extracellular cleavage of the vascular endothelial growth factor 189-amino acid 

form by urokinase is required for its mitogenic effect. J Biol Chem 1997, 

272(20):13390-13396. 

35. Jonca F, Ortega N, Gleizes PE, Bertrand N, Plouet J: Cell release of bioactive fibroblast 

growth factor 2 by exon 6-encoded sequence of vascular endothelial growth factor. J 

Biol Chem 1997, 272(39):24203-24209. 

36. Alessi DR, Cohen P: Mechanism of activation and function of protein kinase B. Curr 

Opin Genet Dev 1998, 8(1):55-62. 

37. Bondar VM, Sweeney-Gotsch B, Andreeff M, Mills GB, McConkey DJ: Inhibition of 

the phosphatidylinositol 3'-kinase-AKT pathway induces apoptosis in pancreatic 

carcinoma cells in vitro and in vivo. Mol Cancer Ther 2002, 1(12):989-997. 

38. Liptay S, Weber CK, Ludwig L, Wagner M, Adler G, Schmid RM: Mitogenic and 

antiapoptotic role of constitutive NF-kappaB/Rel activity in pancreatic cancer. Int J 

Cancer 2003, 105(6):735-746. 

39. Adams J: Preclinical and clinical evaluation of proteasome inhibitor PS-341 for the 

treatment of cancer. Curr Opin Chem Biol 2002, 6(4):493-500. 



153 
 

 

40. Zhang Z, Huang L, Zhao W, Rigas B: Annexin 1 induced by anti-inflammatory drugs 

binds to NF-kappaB and inhibits its activation: anticancer effects in vitro and in 

vivo. Cancer Res 2010, 70(6):2379-2388. 

41. Garcea G, Dennison AR, Steward WP, Berry DP: Role of inflammation in pancreatic 

carcinogenesis and the implications for future therapy. Pancreatology 2005, 

5(6):514-529. 

42. Jutooru I, Chadalapaka G, Lei P, Safe S: Inhibition of NF{kappa}B and pancreatic 

cancer cell and tumor growth by curcumin is dependent on specificity protein 

downregulation. J Biol Chem 2010. 

43. Eibl G, Bruemmer D, Okada Y, Duffy JP, Law RE, Reber HA, Hines OJ: PGE(2) is 

generated by specific COX-2 activity and increases VEGF production in COX-2-

expressing human pancreatic cancer cells. Biochem Biophys Res Commun 2003, 

306(4):887-897. 

44. Tucker ON, Dannenberg AJ, Yang EK, Zhang F, Teng L, Daly JM, Soslow RA, 

Masferrer JL, Woerner BM, Koki AT et al: Cyclooxygenase-2 expression is up-

regulated in human pancreatic cancer. Cancer Res 1999, 59(5):987-990. 

45. John A, Tuszynski G: The role of matrix metalloproteinases in tumor angiogenesis 

and tumor metastasis. Pathol Oncol Res 2001, 7(1):14-23. 

46. Nagakawa Y, Aoki T, Kasuya K, Tsuchida A, Koyanagi Y: Histologic features of 

venous invasion, expression of vascular endothelial growth factor and matrix 

metalloproteinase-2 and matrix metalloproteinase-9, and the relation with liver 

metastasis in pancreatic cancer. Pancreas 2002, 24(2):169-178. 



154 
 

 

47. Dong X, Shi W, Zeng Q, Xie L: Roles of adherence and matrix metalloproteinases in 

growth patterns of fungal pathogens in cornea. Curr Eye Res 2005, 30(8):613-620. 

48. Ottaviano AJ, Sun L, Ananthanarayanan V, Munshi HG: Extracellular matrix-

mediated membrane-type 1 matrix metalloproteinase expression in pancreatic 

ductal cells is regulated by transforming growth factor-beta1. Cancer Res 2006, 

66(14):7032-7040. 

49. Deryugina EI, Quigley JP: Matrix metalloproteinases and tumor metastasis. Cancer 

Metastasis Rev 2006, 25(1):9-34. 

50. Golubkov VS, Chekanov AV, Savinov AY, Rozanov DV, Golubkova NV, Strongin AY: 

Membrane type-1 matrix metalloproteinase confers aneuploidy and tumorigenicity 

on mammary epithelial cells. Cancer Res 2006, 66(21):10460-10465. 

51. VanSaun MN, Matrisian LM: Matrix metalloproteinases and cellular motility in 

development and disease. Birth Defects Res C Embryo Today 2006, 78(1):69-79. 

52. Yang Z, Strickland DK, Bornstein P: Extracellular matrix metalloproteinase 2 levels 

are regulated by the low density lipoprotein-related scavenger receptor and 

thrombospondin 2. J Biol Chem 2001, 276(11):8403-8408. 

53. Gurevich LE: Role of matrix metalloproteinases 2 and 9 in determination of invasive 

potential of pancreatic tumors. Bull Exp Biol Med 2003, 136(5):494-498. 

54. Harvey SR, Hurd TC, Markus G, Martinick MI, Penetrante RM, Tan D, Venkataraman P, 

DeSouza N, Sait SN, Driscoll DL et al: Evaluation of urinary plasminogen activator, 

its receptor, matrix metalloproteinase-9, and von Willebrand factor in pancreatic 

cancer. Clin Cancer Res 2003, 9(13):4935-4943. 



155 
 

 

55. Zhang H, Ma G, Dong M, Zhao M, Shen X, Ma Z, Guo K: Epidermal growth factor 

promotes invasiveness of pancreatic cancer cells through NF-kappaB-mediated 

proteinase productions. Pancreas 2006, 32(1):101-109. 

56. Haq M, Shaeii AE, Zervos EE, Rosemurgy AS: In vitro and in vivo matrix 

metalloproteinase production by pancreatic cancer cells and by distant organs. Int J 

Surg Investig 2000, 1(6):459-465. 

57. de vos tot Nederveen Cappel WH, Offerhaus GJ, van Puijenbroek M, Caspers E, Gruis 

NA, De Snoo FA, Lamers CB, Griffioen G, Bergman W, Vasen HF et al: Pancreatic 

carcinoma in carriers of a specific 19 base pair deletion of CDKN2A/p16 (p16-

leiden). Clin Cancer Res 2003, 9(10 Pt 1):3598-3605. 

58. Luttges J, Galehdari H, Brocker V, Schwarte-Waldhoff I, Henne-Bruns D, Kloppel G, 

Schmiegel W, Hahn SA: Allelic loss is often the first hit in the biallelic inactivation of 

the p53 and DPC4 genes during pancreatic carcinogenesis. Am J Pathol 2001, 

158(5):1677-1683. 

59. Moore PS, Beghelli S, Zamboni G, Scarpa A: Genetic abnormalities in pancreatic 

cancer. Mol Cancer 2003, 2:7. 

60. Rozenblum E, Schutte M, Goggins M, Hahn SA, Panzer S, Zahurak M, Goodman SN, 

Sohn TA, Hruban RH, Yeo CJ et al: Tumor-suppressive pathways in pancreatic 

carcinoma. Cancer Res 1997, 57(9):1731-1734. 

61. Dai JL, Turnacioglu KK, Schutte M, Sugar AY, Kern SE: Dpc4 transcriptional 

activation and dysfunction in cancer cells. Cancer Res 1998, 58(20):4592-4597. 

62. Massague J, Blain SW, Lo RS: TGFbeta signaling in growth control, cancer, and 

heritable disorders. Cell 2000, 103(2):295-309. 



156 
 

 

63. Caldas C, Hahn SA, da Costa LT, Redston MS, Schutte M, Seymour AB, Weinstein CL, 

Hruban RH, Yeo CJ, Kern SE: Frequent somatic mutations and homozygous deletions 

of the p16 (MTS1) gene in pancreatic adenocarcinoma. Nat Genet 1994, 8(1):27-32. 

64. Huang L, Lang D, Geradts J, Obara T, Klein-Szanto AJ, Lynch HT, Ruggeri BA: 

Molecular and immunochemical analyses of RB1 and cyclin D1 in human ductal 

pancreatic carcinomas and cell lines. Mol Carcinog 1996, 15(2):85-95. 

65. Jaffee EM, Hruban RH, Canto M, Kern SE: Focus on pancreas cancer. Cancer Cell 

2002, 2(1):25-28. 

66. Goggins M, Schutte M, Lu J, Moskaluk CA, Weinstein CL, Petersen GM, Yeo CJ, 

Jackson CE, Lynch HT, Hruban RH et al: Germline BRCA2 gene mutations in 

patients with apparently sporadic pancreatic carcinomas. Cancer Res 1996, 

56(23):5360-5364. 

67. Fridman JS, Lowe SW: Control of apoptosis by p53. Oncogene 2003, 22(56):9030-

9040. 

68. Ji L, Fang B, Yen N, Fong K, Minna JD, Roth JA: Induction of apoptosis and 

inhibition of tumorigenicity and tumor growth by adenovirus vector-mediated 

fragile histidine triad (FHIT) gene overexpression. Cancer Res 1999, 59(14):3333-

3339. 

69. Lee RC, Feinbaum RL, Ambros V: The C. elegans heterochronic gene lin-4 encodes 

small RNAs with antisense complementarity to lin-14. Cell 1993, 75(5):843-854. 

70. Cai X, Hagedorn CH, Cullen BR: Human microRNAs are processed from capped, 

polyadenylated transcripts that can also function as mRNAs. RNA 2004, 

10(12):1957-1966. 



157 
 

 

71. Lee Y, Kim M, Han J, Yeom KH, Lee S, Baek SH, Kim VN: MicroRNA genes are 

transcribed by RNA polymerase II. EMBO J 2004, 23(20):4051-4060. 

72. Gregory RI, Yan KP, Amuthan G, Chendrimada T, Doratotaj B, Cooch N, Shiekhattar R: 

The Microprocessor complex mediates the genesis of microRNAs. Nature 2004, 

432(7014):235-240. 

73. Han J, Lee Y, Yeom KH, Nam JW, Heo I, Rhee JK, Sohn SY, Cho Y, Zhang BT, Kim 

VN: Molecular basis for the recognition of primary microRNAs by the Drosha-

DGCR8 complex. Cell 2006, 125(5):887-901. 

74. Lee Y, Ahn C, Han J, Choi H, Kim J, Yim J, Lee J, Provost P, Radmark O, Kim S et al: 

The nuclear RNase III Drosha initiates microRNA processing. Nature 2003, 

425(6956):415-419. 

75. Bohnsack MT, Czaplinski K, Gorlich D: Exportin 5 is a RanGTP-dependent dsRNA-

binding protein that mediates nuclear export of pre-miRNAs. RNA 2004, 10(2):185-

191. 

76. Jiang F, Ye X, Liu X, Fincher L, McKearin D, Liu Q: Dicer-1 and R3D1-L catalyze 

microRNA maturation in Drosophila . Genes Dev 2005, 19(14):1674-1679. 

77. Chendrimada TP, Gregory RI, Kumaraswamy E, Norman J, Cooch N, Nishikura K, 

Shiekhattar R: TRBP recruits the Dicer complex to Ago2 for microRNA processing 

and gene silencing. Nature 2005, 436(7051):740-744. 

78. Hammond SM, Bernstein E, Beach D, Hannon GJ: An RNA-directed nuclease 

mediates post-transcriptional gene silencing in Drosophila cells. Nature 2000, 

404(6775):293-296. 



158 
 

 

79. Doench JG, Sharp PA: Specificity of microRNA target selection in translational 

repression. Genes Dev 2004, 18(5):504-511. 

80. Carthew RW: Gene regulation by microRNAs. Curr Opin Genet Dev 2006, 16(2):203-

208. 

81. He L, Hannon GJ: MicroRNAs: small RNAs with a big role in gene regulation. Nat 

Rev Genet 2004, 5(7):522-531. 

82. Rodriguez A, Griffiths-Jones S, Ashurst JL, Bradley A: Identification of mammalian 

microRNA host genes and transcription units. Genome Res 2004, 14(10A):1902-1910. 

83. Esquela-Kerscher A, Slack FJ: Oncomirs - microRNAs with a role in cancer. Nat Rev 

Cancer 2006, 6(4):259-269. 

84. Sun M, Estrov Z, Ji Y, Coombes KR, Harris DH, Kurzrock R: Curcumin 

(diferuloylmethane) alters the expression profiles of microRNAs in human 

pancreatic cancer cells. Mol Cancer Ther 2008, 7(3):464-473. 

85. Allawi HT, Dahlberg JE, Olson S, Lund E, Olson M, Ma WP, Takova T, Neri BP, 

Lyamichev VI: Quantitation of microRNAs using a modified Invader assay. RNA 

2004, 10(7):1153-1161. 

86. Poy MN, Eliasson L, Krutzfeldt J, Kuwajima S, Ma X, Macdonald PE, Pfeffer S, Tuschl 

T, Rajewsky N, Rorsman P et al: A pancreatic islet-specific microRNA regulates 

insulin secretion. Nature 2004, 432(7014):226-230. 

87. Hwang JH, Voortman J, Giovannetti E, Steinberg SM, Leon LG, Kim YT, Funel N, Park 

JK, Kim MA, Kang GH et al: Identification of microRNA-21 as a biomarker for 

chemoresistance and clinical outcome following adjuvant therapy in resectable 

pancreatic cancer. PLoS One 2010, 5(5):e10630. 



159 
 

 

88. Giovannetti E, Funel N, Peters GJ, Del Chiaro M, Erozenci LA, Vasile E, Leon LG, 

Pollina LE, Groen A, Falcone A et al: MicroRNA-21 in pancreatic cancer: correlation 

with clinical outcome and pharmacologic aspects underlying its role in the 

modulation of gemcitabine activity. Cancer Res 2010, 70(11):4528-4538. 

89. Moriyama T, Ohuchida K, Mizumoto K, Yu J, Sato N, Nabae T, Takahata S, Toma H, 

Nagai E, Tanaka M: MicroRNA-21 modulates biological functions of pancreatic 

cancer cells including their proliferation, invasion, and chemoresistance. Mol Cancer 

Ther 2009. 

90. Zhang Y, Li M, Wang H, Fisher WE, Lin PH, Yao Q, Chen C: Profiling of 95 

microRNAs in pancreatic cancer cell lines and surgical specimens by real-time PCR 

analysis. World J Surg 2009, 33(4):698-709. 

91. Gusev Y, Schmittgen TD, Lerner M, Postier R, Brackett D: Computational analysis of 

biological functions and pathways collectively targeted by co-expressed microRNAs 

in cancer. BMC Bioinformatics 2007, 8 Suppl 7:S16. 

92. Joensuu H: Systemic chemotherapy for cancer: from weapon to treatment. Lancet 

Oncol 2008, 9(3):304. 

93. Hirsch J: An anniversary for cancer chemotherapy. JAMA 2006, 296(12):1518-1520. 

94. Cerqueira NM, Fernandes PA, Ramos MJ: Understanding ribonucleotide reductase 

inactivation by gemcitabine. Chemistry 2007, 13(30):8507-8515. 

95. Moore MJ, Hamm J, Dancey J, Eisenberg PD, Dagenais M, Fields A, Hagan K, 

Greenberg B, Colwell B, Zee B et al: Comparison of gemcitabine versus the matrix 

metalloproteinase inhibitor BAY 12-9566 in patients with advanced or metastatic 



160 
 

 

adenocarcinoma of the pancreas: a phase III trial of the National Cancer Institute of 

Canada Clinical Trials Group. J Clin Oncol 2003, 21(17):3296-3302. 

96. Liau SS, Whang E: HMGA1 is a molecular determinant of chemoresistance to 

gemcitabine in pancreatic adenocarcinoma. Clin Cancer Res 2008, 14(5):1470-1477. 

97. Bergman AM, Pinedo HM, Peters GJ: Determinants of resistance to 2',2'-

difluorodeoxycytidine (gemcitabine). Drug Resist Updat 2002, 5(1):19-33. 

98. Funamizu N, Okamoto A, Kamata Y, Misawa T, Uwagawa T, Gocho T, Yanaga K, 

Manome Y: Is the resistance of gemcitabine for pancreatic cancer settled only by 

overexpression of deoxycytidine kinase? Oncol Rep 2010, 23(2):471-475. 

99. Buiatti E, Palli D, Decarli A, Amadori D, Avellini C, Bianchi S, Biserni R, Cipriani F, 

Cocco P, Giacosa A et al: A case-control study of gastric cancer and diet in Italy. Int J 

Cancer 1989, 44(4):611-616. 

100. Padhye S, Ahmad A, Oswal N, Sarkar FH: Emerging role of Garcinol, the antioxidant 

chalcone from Garcinia indica Choisy and its synthetic analogs. J Hematol Oncol 

2009, 2:38. 

101. Pedraza-Chaverri J, Cardenas-Rodriguez N, Orozco-Ibarra M, Perez-Rojas JM: 

Medicinal properties of mangosteen (Garcinia mangostana). Food Chem Toxicol 

2008, 46(10):3227-3239. 

102. Jayaprakasha GK, Sakariah KK: Determination of organic acids in leaves and rinds of 

Garcinia indica (Desr.) by LC. J Pharm Biomed Anal 2002, 28(2):379-384. 

103. Yamaguchi F, Saito M, Ariga T, Yoshimura Y, Nakazawa H: Free radical scavenging 

activity and antiulcer activity of garcinol from Garcinia indica f ruit rind . J Agric 

Food Chem 2000, 48(6):2320-2325. 



161 
 

 

104. Pan MH, Chang WL, Lin-Shiau SY, Ho CT, Lin JK: Induction of apoptosis by garcinol 

and curcumin through cytochrome c release and activation of caspases in human 

leukemia HL-60 cells. J Agric Food Chem 2001, 49(3):1464-1474. 

105. Kolodziejczyk J, Masullo M, Olas B, Piacente S, Wachowicz B: Effects of garcinol and 

guttiferone K isolated from Garcinia cambogia on oxidative/nitrative modifications 

in blood platelets and plasma. Platelets 2009:1-6. 

106. Wang B, Chen J, Santiago FS, Janes M, Kavurma MM, Chong BH, Pimanda JE, 

Khachigian LM: Phosphorylation and acetylation of histone H3 and autoregulation 

by early growth response 1 mediate interleukin 1beta induction of early growth 

response 1 transcription. Arterioscler Thromb Vasc Biol 2010, 30(3):536-545. 

107. Chatterjee A, Yasmin T, Bagchi D, Stohs SJ: The bactericidal effects of Lactobacillus 

acidophilus, garcinol and Protykin compared to clarithromycin, on Helicobacter 

pylori . Mol Cell Biochem 2003, 243(1-2):29-35. 

108. Hong J, Kwon SJ, Sang S, Ju J, Zhou JN, Ho CT, Huang MT, Yang CS: Effects of 

garcinol and its derivatives on intestinal cell growth: Inhibitory effects and 

autoxidation-dependent growth-stimulatory effects. Free Radic Biol Med 2007, 

42(8):1211-1221. 

109. Liao CH, Sang S, Liang YC, Ho CT, Lin JK: Suppression of inducible nitric oxide 

synthase and cyclooxygenase-2 in downregulating nuclear factor-kappa B pathway 

by Garcinol. Mol Carcinog 2004, 41(3):140-149. 

110. Liao CH, Sang S, Ho CT, Lin JK: Garcinol modulates tyrosine phosphorylation of 

FAK and subsequently induces apoptosis through down-regulation of Src, ERK, 



162 
 

 

and Akt survival signaling in human colon cancer cells. J Cell Biochem 2005, 

96(1):155-169. 

111. Prasad S, Ravindran J, Sung B, Pandey MK, Aggarwal BB: Garcinol potentiates 

TRAIL-induced apoptosis through modulation of death receptors and antiapoptotic 

proteins. Mol Cancer Ther 2010, 9(4):856-868. 

112. Ahmad A, Wang Z, Ali R, Maitah MY, Kong D, Banerjee S, Padhye S, Sarkar FH: 

Apoptosis-inducing effect of garcinol is mediated by NF-kappaB signaling in breast 

cancer cells. J Cell Biochem 2010, 109(6):1134-1141. 

113. Tanaka T, Kohno H, Shimada R, Kagami S, Yamaguchi F, Kataoka S, Ariga T, 

Murakami A, Koshimizu K, Ohigashi H: Prevention of colonic aberrant crypt foci by 

dietary feeding of garcinol in male F344 rats. Carcinogenesis 2000, 21(6):1183-1189. 

114. Yoshida K, Tanaka T, Hirose Y, Yamaguchi F, Kohno H, Toida M, Hara A, Sugie S, 

Shibata T, Mori H: Dietary garcinol inhibits 4-nitroquinoline 1-oxide-induced tongue 

carcinogenesis in rats. Cancer Lett 2005, 221(1):29-39. 

115. Lai ZC, Wei X, Shimizu T, Ramos E, Rohrbaugh M, Nikolaidis N, Ho LL, Li Y: Control 

of cell proliferation and apoptosis by mob as tumor suppressor, mats. Cell 2005, 

120(5):675-685. 

116. Yasutome M, Gunn J, Korc M: Restoration of Smad4 in BxPC3 pancreatic cancer 

cells attenuates proliferation without altering angiogenesis. Clin Exp Metastasis 2005, 

22(6):461-473. 

117. Watanabe N, Inohara H, Akahani S, Yamamoto Y, Moriwaki K, Kubo T: Synchronous 

squamous cell carcinoma and malignant lymphoma in the head and neck region. 

Auris Nasus Larynx 2007, 34(2):273-276. 



163 
 

 

118. Chaturvedi MM, Mukhopadhyay A, Aggarwal BB: Assay for redox-sensitive 

transcription factor . Methods Enzymol 2000, 319:585-602. 

119. Ali S, Banerjee S, Ahmad A, El-Rayes BF, Philip PA, Sarkar FH: Apoptosis-inducing 

effect of erlotinib is potentiated by 3,3'-diindolylmethane in vitro and in vivo using 

an orthotopic model of pancreatic cancer. Mol Cancer Ther 2008, 7(6):1708-1719. 

120. Kong D, Li Y, Wang Z, Banerjee S, Ahmad A, Kim HR, Sarkar FH: miR-200 regulates 

PDGF-D-mediated epithelial-mesenchymal transition, adhesion, and invasion of 

prostate cancer cells. Stem Cells 2009, 27(8):1712-1721. 

121. Chou TC, Talalay P: Quantitative analysis of dose-effect relationships: the combined 

effects of multiple drugs or enzyme inhibitors. Adv Enzyme Regul 1984, 22:27-55. 

122. Chou TC: Derivation and properties of Michaelis-Menten type and Hill type 

equations for reference ligands. J Theor Biol 1976, 59(2):253-276. 

123. Bence AK, Crooks PA: The mechanism of L-canavanine cytotoxicity: arginyl tRNA 

synthetase as a novel target for anticancer drug discovery. J Enzyme Inhib Med Chem 

2003, 18(5):383-394. 

124. Nasser MW, Datta J, Nuovo G, Kutay H, Motiwala T, Majumder S, Wang B, Suster S, 

Jacob ST, Ghoshal K: Down-regulation of micro-RNA-1 (miR-1) in lung cancer. 

Suppression of tumorigenic property of lung cancer cells and their sensitization to 

doxorubicin-induced apoptosis by miR-1. J Biol Chem 2008, 283(48):33394-33405. 

125. Lin T, Dong W, Huang J, Pan Q, Fan X, Zhang C, Huang L: MicroRNA-143 as a tumor 

suppressor for bladder cancer. J Urol 2009, 181(3):1372-1380. 

126. Pan X, Arumugam T, Yamamoto T, Levin PA, Ramachandran V, Ji B, Lopez-Berestein 

G, Vivas-Mejia PE, Sood AK, McConkey DJ et al: Nuclear factor-kappaB p65/relA 



164 
 

 

silencing induces apoptosis and increases gemcitabine effectiveness in a subset of 

pancreatic cancer cells. Clin Cancer Res 2008, 14(24):8143-8151. 

127. Chen CS, Lee CH, Hsieh CD, Ho CT, Pan MH, Huang CS, Tu SH, Wang YJ, Chen LC, 

Chang YJ et al: Nicotine-induced human breast cancer cell proliferation attenuated 

by garcinol through down-regulation of the nicotinic receptor and cyclin D3 

proteins. Breast Cancer Res Treat 2010. 

128. Holcomb B, Yip-Schneider M, Schmidt CM: The role of nuclear factor kappaB in 

pancreatic cancer and the clinical applications of targeted therapy. Pancreas 2008, 

36(3):225-235. 

129. Arlt A, Schafer H: NFkappaB-dependent chemoresistance in solid tumors. Int J Clin 

Pharmacol Ther 2002, 40(8):336-347. 

130. Sarkar FH, Li Y: Using chemopreventive agents to enhance the efficacy of cancer 

therapy. Cancer Res 2006, 66(7):3347-3350. 

131. Banerjee S, Zhang Y, Wang Z, Che M, Chiao PJ, Abbruzzese JL, Sarkar FH: In vitro 

and in vivo molecular evidence of genistein action in augmenting the efficacy of 

cisplatin in pancreatic cancer. Int J Cancer 2007, 120(4):906-917. 

132. Das KC, White CW: Activation of NF-kappaB by antineoplastic agents. Role of 

protein kinase C. J Biol Chem 1997, 272(23):14914-14920. 

133. Chuang SE, Yeh PY, Lu YS, Lai GM, Liao CM, Gao M, Cheng AL: Basal levels and 

patterns of anticancer drug-induced activation of nuclear factor-kappaB (NF-

kappaB), and its attenuation by tamoxifen, dexamethasone, and curcumin in 

carcinoma cells. Biochem Pharmacol 2002, 63(9):1709-1716. 



165 
 

 

134. Zhang Y, Gavriil M, Lucas J, Mandiyan S, Follettie M, Diesl V, Sum FW, Powell D, 

Haney S, Abraham R et al: IkappaBalpha kinase inhibitor IKI-1 conferred tumor 

necrosis factor alpha sensitivity to pancreatic cancer cells and a xenograft tumor 

model. Cancer Res 2008, 68(22):9519-9524. 

135. Park JK, Lee EJ, Esau C, Schmittgen TD: Antisense inhibition of microRNA-21 or -

221 arrests cell cycle, induces apoptosis, and sensitizes the effects of gemcitabine in 

pancreatic adenocarcinoma. Pancreas 2009, 38(7):e190-199. 

136. Yekta S, Tabin CJ, Bartel DP: MicroRNAs in the Hox network: an apparent link to 

posterior prevalence. Nat Rev Genet 2008, 9(10):789-796. 

137. Schimanski CC, Frerichs K, Rahman F, Berger M, Lang H, Galle PR, Moehler M, 

Gockel I: High miR-196a levels promote the oncogenic phenotype of colorectal 

cancer cells. World J Gastroenterol 2009, 15(17):2089-2096. 

138. Ueda T, Volinia S, Okumura H, Shimizu M, Taccioli C, Rossi S, Alder H, Liu CG, Oue 

N, Yasui W et al: Relation between microRNA expression and progression and 

prognosis of gastric cancer: a microRNA expression analysis. Lancet Oncol 2010, 

11(2):136-146. 

139. Ren YX, Xu GM, Li ZS, Song YG: Detection of point mutation in K-ras oncogene at 

codon 12 in pancreatic diseases. World J Gastroenterol 2004, 10(6):881-884. 

140. Dacic S, Shuai Y, Yousem S, Ohori P, Nikiforova M: Clinicopathological predictors of 

EGFR/KRAS mutational status in primary lung adenocarcinomas. Mod Pathol 2010, 

23(2):159-168. 



166 
 

 

141. Guo J, Miao Y, Xiao B, Huan R, Jiang Z, Meng D, Wang Y: Differential expression of 

microRNA species in human gastric cancer versus non-tumorous tissues. J 

Gastroenterol Hepatol 2009, 24(4):652-657. 

142. Lee I, Ajay SS, Yook JI, Kim HS, Hong SH, Kim NH, Dhanasekaran SM, Chinnaiyan 

AM, Athey BD: New class of microRNA targets containing simultaneous 5'-UTR and 

3'-UTR interaction sites. Genome Res 2009, 19(7):1175-1183. 

143. Tchatchou S, Jung A, Hemminki K, Sutter C, Wappenschmidt B, Bugert P, Weber BH, 

Niederacher D, Arnold N, Varon-Mateeva R et al: A variant affecting a putative 

miRNA target site in estrogen receptor (ESR) 1 is associated with breast cancer risk 

in premenopausal women. Carcinogenesis 2009, 30(1):59-64. 

 

  



167 
 

 

Abstract 

SYNERGISTIC EFFECTS OF GARCINOL AND GEMCITABINE IN ENHANCING 
THERAPEUTIC EFFICACY IN PANCREATIC ADENOCARCINOMA C ELLS AND ITS 

EFFECT ON MICRORNA PROFILE 
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Human Pancreatic Cancer (PaCa) is one of the most hostile and fourth leading 

cause of cancer deaths in the United States. Current standard chemotherapeutic agent 

for advanced PaCa is gemcitabine, a cytotoxic nucleoside analogue which results in 

modest response due to high degree of inherent and acquired chemo resistance. 

Forthcoming evidence strongly supports that non-nutritive food components have 

therapeutic benefits attributable to pleiotropic effects including down-regulation of 

survival signaling and simultaneously activating multiple death pathways in tumors. 

Garcinol from the plant Garcinia indica have exhibited anti-inflammatory, antioxidant, 

and anticarcinogenic activity in several cancer types including colon, tongue, breast, 

skin and liver. This study aims to test 1) therapeutic efficacy of garcinol against PaCa 

(BxPC-3 and Panc-1) cells 2A) its role in dietary interactions with curcumin and 2B) 

drug sensitization with gemcitabine and 3) identify microRNA targets in PaCa cells on 
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treatment with garcinol and gemcitabine. The activity of transcription factor nuclear 

factor – κB (NF-κB) has long been associated with pancreatic tumor growth and 

angiogenesis, playing an important role in cell survival, chemotaxis and inflammation. 

Angiogenesis, a very crucial process in tumorigenesis requires the interplay between 

NF-κB with other proangiogenic and antiangiogenic factors such as vascular endothelial 

growth factor (VEGF), Interleukin-8 (IL-8) and matrix metalloproteinase (MMP-9). We 

hypothesize that molecular targeting of critical signaling pathways (NF- κB, VEGF, IL-8 

and MMP-9) with gemcitabine in combination with garcinol may improve efficacy by 

enhancing the signaling response to treatment. Emerging evidence suggests that 

microRNAs regulate carcinogenesis by controlling gene expression either by their tumor 

suppressor or oncogenic abilities. We observed that garcinol individually or in 

combination with curcumin or gemcitabine exhibited potent anticancer abilities in PaCa 

cells by down-regulating cancer promoting pathways and up-regulating the tumor 

suppressor mechanisms. Decreased NF- κB activity was observed in both cell lines in 

combination treatment along with significantly reduced levels of angiogenic factors 

MMP-9, VEGF, IL-8 and PGE2. We also performed target analysis after treatment to 

identify those microRNAs that regulate several cancer signaling pathways. We 

observed a downregulation in expression of oncogenic miRNA – 21, - 196a and – 495 

along with upregulation of tumor suppressor miRNA – 638 and – 453 on treatment with 

garcinol alone or in combination with gemcitabine. Overall, our results demonstrate that 

garcinol and gemcitabine in combination have higher efficacy in modulating levels of 

various factors involved in tumorigenesis and have potential in chemotherapy against 

PaCa. 
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