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). 
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 75  39  (21   
 18 ;  – 33,0  (q1–q3 27,0–44,5 ))  102 

 53  23   
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1.  
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.  
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 (  - – Sigma-
Aldrich ( ), 6-11B-1,  IgG2b, 1:800;  - – Sigma-
Aldrich ( ), TUB-1A2,  IgG3, 1:800;  - – 
Merck Millipore ( ), , 1:200; I- – 
Sigma-Aldrich ( ), SAP.4G5,  IgG1, 1:1200; III- – Promega ( ), 
5G8,  IgG1, 1:1000)  (DAKO ( ),  AE1/3, 

 IgG1, 1:400; DAKO ( ), Wide Spectrum Screening,  
, 1:1250)  4°C 

 18 .  
, 

 AlexaFluor® (Life Technologies, ),  
 1:200.  DAPI (Sigma-Aldrich, ).  

 
.  

. , 
 (ProLong Antifade Gold, Life Technologies 

)  Fluorescence Mounting Medium, DAKO ( )). 
 ( )   

 (DAKO ( ),  AE1/AE3,  IgG1, 1:400) 
 ( ).  

 ( II- – BioGenex ( ), JDR3B8,  IgG2b, 
1:40 2  – Merck Millipore ( ),  

, 1:2000) ,  
 

,  
. 

 Leica 
DM5000  Leica DF 420c  ×20:  

 3   
 3  

.  
 60 .   

3 .  
 

 4 .  
 DAPI ( , )  

 Leica A4, AlexaFluor® 488 (  
) – L5, AlexaFluor® 546  555 ( ) – Y3.  

,  
,  
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 « » , . 
 eCognition 

Developer v.9 (Trimble, ).  
 ( )  

.  
,  

 ( +),  
 ( - - ). 

 ( ) : 

 = 
 – – × 100. 

+ – – 

, , 
.  ROC-  

,  
. 

,  
 

,  
. 

 
-29  116.  

, .  70% 
.  

,  
. 

 
 

Hybond C (Pharmacia, ).  
18 ,  EnVision 
(DAKO, ),  (BioGenex, 

).  
 ImageJ 1.47v (NIH, ). 

  
 ( ),  

III  (siGENOME SMARTpool TUBB3, Dharmacon, 
Thermo Scientific, ).  

,   
 (ON-TARGETplus Non-targeting Pool, 

Dharmacon, Thermo Scientific, ).   
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 dharmaFECT siRNA (Dharmacon, 
Thermo Scientific, ) .  

.  
 Costar 

(Corning, ) . -
 8,0  Matrigel (BD Biosciences, )  

 I  (Gibco, ).  
 5  

 ( 200).  
 24-  

 (Costar, ),  
 I  (Gibco, ).  2  +37   

.  
 (Sigma-Aldrich, ). 

 ( ) : 

 = 1 –  
 ( ) 

× 100%. ,  

 
  

 70% .   
 Annexin V-FITC / 7-AAD Kit (Beckman Coulter, ) 

.  
 Becton Di kinson FACScan.  

:  
 48  6- , 

,   
.  

. 
 RStudio, 

v. 0.98.1103 (RStudio, Inc., ).  
 ( )  (  25% – q1,  75% – q3). 

 
 ( mu).  

2  ( 2).  
 (pw).  

 
.  

 
 (plr).  
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 Cutoff Finder 
http://molpath.charite.de/cutoff/index.jsp.  

 Microsoft Office 
Excel 365,   

.  (  3 ) 
 ANOVA  (pAN).  

 < 0,05.  
 

 
 

 
 

 (74,4%).  pT :  
1 – 2,4%, 2 – 9,6%, 3 – 64,0%, 4 – 24,0%.  pN: 0 – 47,2%, 1 – 23,2%,  
2 – 29,6%. 1  16,8% .  

.  
 (81,6%)  5 :  

(12,0%),  (2,4%),  (1,6%), 
 (0,8%),  (0,8%)  (0,8%). 

 (  G) : 1 – 11,2%, 2 – 
62,4%, 3 – 26,4%.  88,0% . -

 10,4% .  
[H. Ueno et al., 2004]  29,6% ,  – 
 26,4%,  –  44,0%.  [F. Prall et al., 2007] 

 53,0% .  
 27,2% ,  –  28,8%. 

, 
  

,  
.  

,   
 – « » – . 

,  
.  

 lamina propria , 
,  (76,0%) 

 (26,7%). ,  
, ,  – 

 
, . 
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 37,3%  
,  –  78,7%,  
 –  56,0%,  –  52,0%,  –  2,6%.  

 
. 

 
I . I  

,  
. 

 
I ,  

 –  (pmu<0,001) (  1).  

 1. – I  

   q1 q3 
 

 77 20,5 11,2 28,3 
 162 36,0 23,6 56,4 

 162 36,8 25,2 53,1 
 

 
 

 375 78,8 45,2 109,3 
 372 73,1 45,8 97,7 

  87 52,4 27,6 79,1 
 307 55,1 35,4 80,7 

  375 58,2 37,7 80,7 
 375 48,5 33,2 66,6 

 
, I , 

 (pmu<0,001):  
,   

,  
.   

I .  
,  (pmu<0,001), ,  

 (pmu<0,001). 
 

, I ,  
,  

 ( =30,8 (95%  2,5–59,1), =0,040)  
 ( =42,0 (95%  2,2–81,9), =0,047).  

 
 ( =2,6 (95%  0,4–4,8), p=0,026). I  

-
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 ( =147,6 (95%  31,3–263,8), =0,015)  
 ( =9,8 (95%  3,9–15,7), 

=0,002).   
  

 ( =2,6 (95%  0,4–4,8), =0,026).  
 ( = -39,8 

(95%  -77,8 – -1,7), =0,043) .  
I , 

 ( =5,2 
(95%  1,9–8,5), p=0,003 =2,2 (95%  0,8–3,7), p=0,004 ). 

 
 ( =88,4 (95%  23,1–153,6), p=0,010 =34,2 (95%  5,2–63,2), 

p=0,023 ). ,   
 

 ( =17,5 (95%  0,4–34,5), =0,048) , , 
 –  

= -26,8 (95%  -52,1 – -1,4), =0,041). 
, I   

. , , 
 

,  (pmu=1,0), 
I ,  (pmu<0,001)  

 (pmu=0,011  pmu=0,008 ).   
 (pmu=0,350).  

: 
 

I  (pmu<0,001)  (pmu<0,001),  
 (pmu<0,001) 

 2). 

 2. – I  
 

    q1 q3 

 
 

 154 37,7 24,3 48,2 
 194 32,7 24,3 49,6 
 97 44,3 30,3 56,2 

 
 154 80,8 63,8 98,5 
 202 66,3 47,3 91,8 
 104 70,0 70,6 109,6 

 
 154 39,0 24,1 53,7 
 207 44,3 32,4 62,6 
 104 50,2 37,8 68,8 
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, I  

 ( =42,8 (95%  16,3–69,2), p=0,003). 
I  

 (plr=0,0078)  
 3,56  (q1–q3 1,24–4,36 

)  (plr=0,0148). I  
 

 (  141,6) (plr=0,0022),  
 73,5) (plr=0,0247)  (  1).  

 

 1. –   
I  

 
II .  

II .  
, , , 

.  
 35  (28%).   

(35  – 28,0%),  (14  – 11,2%). ,  
II ,  5% ,  

.   
 (30  – 24%),   

(19  – 15,2 %).   
(2  – 1,6%). II  

 14,3%  (5/35),  
 –  48,6% (17/35).  

 
II . 
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II  
,  

,  (plr=0,0168  
 plr<0,001 ). 

III . III   
. III  

,  
 

.  
, , .  

, III , 
:  

,  –  
 (  3).  

 3. – III  

  q1 q3 
 

 62 1,6 –1,4 5,1 
 209 –1,1 –4,1 2,1 

 209 4,4 2,2 6,8 
 

 
 

 375 0,8 –2,6 4,7 
 374 4,2 –0,5 11,7 

  92 4,7 –0,1 12,3 
 330 12,0 3,5 25,1 

  375 3,4 1,1 6,4 
 375 2,3 0,4 5,6 

 
 

, III ,   
,  pN ( =4,0 (95%  0,8–7,2), 

p=0,015 =7,8 (95%  2,6–13,0), =0,004).  
III   

, ,  ( =1,1 (95%  
0,5–1,6), p<0,001 =0,9 (95%  0,5–1,3), p<0,001 ). -

III   
,  ( =0,014 =0,010 
). 

, III  
. ,  

, , 
 – .  
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: III   

, 
 –  (  4).  

 4. – III  
 

   q1 q3 

 
 

 156 0,6 –2,0 2,8 
 83 1,8 –2,2 5,7 
 146 2,8 0,3 6,0 

 
 163 1,6 –0,5 4,4 
 92 1,7 –2,0 6,9 
 178 3,2 0,9 7,0 

 
 163 4,7 0,7 8,5 
 92 2,7 –2,3 9,3 
 185 3,8 –5,0 8,5 

,  
III ,   

 ( =5,4 (95%  1,1–9,7), 
p=0,018 =5,2 (95%  1,2–9,1), p=0,013 ).  

  
III  

 12,7 (plr=0,0015)  9,7 (plr=0,0006) .  
: 

 26,7 (plr <0,0001)  20,1 (plr=0,0053) .  
  

III  45,9 (plr <0,0001), 
 III–IV  (plr=0,0106)  

,  (plr=0,0380) (  2). 

 
 2. –  

III  
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.  ( -) 
,  

, 
, , .  

,  
, .  

, , 
 (pmu<0,001). ,  

 
 (pmu<0,001),  

 (pmu<0,001).  
:  

 (pmu<0,001), 
 (pmu<0,001),  

 (pmu<0,001) (  5). 

 5. –  

  q1 q3 
 

 70 13,0 8,4 24,6 
 177 25,8 17,6 44,8 

 177 13,2 7,8 21,2 
 

 
 

 375 12,8 8,6 20,5 
 373 9,5 6,8 14,4 

  94 5,6 2,8 10,6 
 307 5,3 3,2 9,6 

  375 4,8 2,3 8,5 
 373 2,2 1,0 3,8 

 
 

. , ,  
, ,  

 (pmu=0,001).  
,  (pmu=0,029)  (pmu<0,001) . 

 
,  

 
= -7,4 (95%  -13,6 – -1,3), p=0,020).  
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,  –   
 (  6).  

 6. –  
 

    q1 q3 

 
 

 159 29,8 24,0 39,1 
 182 19,2 13,7 26,1 
 71 23,6 19,2 33,7 

 
 162 42,6 37,5 53,2 
 197 27,7 19,7 35,2 
 75 35,9 29,1 48,4 

 
 162 16,1 13,3 19,9 
 201 10,5 8,4 13,7 
 77 13,0 9,8 19,8 

 
,  

,  
 ( = -5,5 (95%   

-10,2 – -0,8), p=0,025). 
,  

 III  IV  
  

 6,1,  plr=0,0169),   
 3,1, plr=0,0388) (  3). 

 
 3. –   
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.  ( -)  
 

.  
,  

 –  (pmu=0,003).  
 

 (pmu=0,190)  (pmu=1,0). 
 (  7),  

,  –  
,   

. , , 
,  (p<0,001  p<0,001 

) (  7).  

 7. –  

   q1 q3 
 

 60 12,0 6,3 25,0 
 180 22,6 9,6 49,3 

 180 12,2 5,4 30,2 
 

 
 

 375 39,7 13,0 60,5 
 374 32,5 14,8 50,4 

  123 20,4 7,8 39,5 
 290 22,0 10,0 40,5 

  375 10,1 1,3 22,8 
 375 4,8 0,6 11,8 

 
 

.  
 (p<0,001). 

 
. 

  
 ( =0,008)  (p=0,001),   
 (  8).  

 
,   

 
pT ( = -10,0 (95%  -17,9 – -2,1), p=0,015),   

= -19,6 (95%  -34,6 – -4,6), p=0,012),  ( = -14,0 (95% 
 -26,6 – -1,3), p=0,033)  ( = -17,1 



24 

(95%  -28,7 – -5,5), p=0,005).  
 ( = 13,7 (95%  0,9 – 26,6), 

=0,039). 

 8. –  
 

    q1 q3 

 
 

 140 47,1 36,1 68,0 
 55 58,4 43,0 71,8 
 137 53,7 39,6 73,5 

 
 149 64,5 47,7 90,3 
 66 85,0 60,2 116,0 
 149 75,8 55,3 99,5 

 
 149 28,4 19,2 38,4 
 66 37,0 28,2 50,1 
 151 30,6 20,3 46,0 

 
 

 (  28,53, 
plr=0,0357  18,33, plr=0,0311 ).   

 III  IV  
 (plr=0,0484) (  4).  

 
 4. –   

 
 

.  
-)  

.  
, ,   

. : 
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.  
. 

 
 (pmu=0,004).  

 
.  

 (pmu=0,005). 
 

(pmu<0,001) (  9). 

 9. –   

   q1 q3 
 

 248 16,9 12,5 33,4 
 327 25,0 15,8 35,8 

 327 23,0 16,4 35,7 
 

 
 

 375 28,2 17,6 42,3 
 375 24,7 17,2 35,9 

  92 24,2 17,0 41,9 
 309 23,0 15,3 33,1 

  375 25,0 15,9 38,8 
 375 17,7 12,4 28,0 

 
,  

. , 
,  

,   
, .  

,  
, .  

. 
 

 (  10).  
  

. 
,  

  
 ( =11,9 (95%  1,5–22,3), =0,027)  

 ( = -6,6 (95%  -12,8 – -0,5), =0,036).  
  

 ( =12,2 (95%  4,9–19,4), p=0,002)  
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 pN ( = -4,8 (95%  -8,4 – -1,2), p=0,010);  
  

= -5,9 (95%  -11,6 – -0,2), p=0,046). 

 10. –  
 

    q1 q3 

 
 

 153 48,6 32,8 78,8 
 77 50,5 32,6 72,0 
 172 43,0 25,0 76,4 

 
 157 42,9 28,4 80,1 
 86 52,0 30,3 65,7 
 187 40,5 26,6 75,3 

 
 157 38,7 24,3 70,3 
 86 51,5 29,9 66,7 
 190 43,3 27,8 69,2 

 
 

 (  21,2, 
plr=0,0432)  (  16,8, 
plr=0,0122).  

, ,  
 5). 

 
 5. –   

 
 

 ( 2-) .  
2 . 
, ,  

, .  
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 5  (4%). , 2  
,  5% , . 

.  
2  14/40 (35,0%) 

. 2  5/23 
(21,7%)  ( 2>0.05). -

. 
2  
. 

 
III   

 
III .  

III   
 3,1  0,6  HT-29  4,2  1,2  –  116 

(pAN=0,0299  pAN=0,0027  
), I . 
, III  

.  
III . 

.  
 V  7-  (7- ) 

,   
.  V,  7-AA . 

 V (+)  
7-AA .  

 V (+)  7-AA  (+)) .  
,  V,  

III  
.  7-AA . 

, III . 
.  116  

III  
.  
.  

TUBB3  
,  

. , III  
. 
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. -29  72  
 97,5 ± 4,9%  57,1 ± 9,4%  

TUBB3  ( ) ( AN=0,0188). 
 HCT 116  88,2 ± 5,9 %  

 51,9 ± 4,6 % ( AN=0,0004). , III  
. 

.   
 82,2  3,0%  67,2  5,6% ( AN=0,0436)  HCT 116  73,9  1,8%  

36,1  7,8% ( AN=0,0044)  HT-29. , III  
. 

.  
 10,9  1,8  2,7  0,6 AN=0,0001) 

 HCT 116  30,7 ± 7,2  7,0 ± 1,1  HT-29 
AN=0,0033). , III  

. 
 
 

 
 

 
1.  

I , ,   
. II-, III

2 .  
I ,   

:  
,  (p<0,001, p<0,001  p=0,004 
).    

 [15, 19, 20, 21]. 
2.   

 
,  

 p=0,046 =0,032  
,  – p<0,001 =0,003 ).  

 
 ( = -5,5 (95%  -10,2 – -0,8), p=0,025) 

[12, 16, 26, 30, 34, 44]. 
I  (p=0,029)  

  (p=0,008)  
.   

I  (p<0,001) III   
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 (p=0,001),  
(p<0,001) [17, 19, 22, 23, 30, 45, 47, 52]. 

I  
 ( =42,8 (95%  16,3–69,2), p = 0,003);  

III ,  
 ( =5,4 (95%  1,1–9,7), p=0,018 =5,2 (95% 

 1,2–9,1), p=0,013 ) [22]. 
  

 [23]. 
3. , , 

I-,  II-,  III- , 
   

 (p<0,001, p<0,001, 
p<0,001  p<0,001 ) [3, 7, 8, 9, 15, 16, 19, 20, 25, 27, 28, 32, 35, 36, 
37, 38, 40, 55]. 

I  
(p<0,001)   (p<0,001) 
[15, 16, 19, 20]. 

 
.  

I , ,   
  (p=0,001, p<0,001, p<0,001  p<0,001 

).   
I , ,   

   
III  (p<0,001, p<0,001, p<0,001, p=0,005  p<0,001 ) [3, 
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4.  (  

) I , 
  

III .  
   

= -19,6 (95%  -34,6 – -4,6), p=0,012 = -7,4 (95%  -13,6 – -1,3), p=0,020 
).  pN  

III ,   
 ( =4,0 (95%  0,8–7,2), p=0,015 =7,8 (95%   

2,6–13,0), p=0,004 ),  
 

= -4,8 (95%  -8,4 – -1,2), p=0,010).  
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SUMMARY 
 

Portyanko Anna Sergeevna 
Cytoskeleton remodeling in the pathogenesis and progression  

of adenocarcinoma and chronic inflammatory diseases of the colon 
 

Key words: microtubules, tubulin, colorectal cancer, ulcerative colitis, Crohn’s 
disease, and invasive growth. 

Aim: to establish the nature of changes in the composition of microtubules as 
dynamic components of the cytoskeleton in colorectal adenocarcinoma and colonic 
mucosa in chronic inflammatory bowel diseases (IBD). 

Object and methods: biopsies obtained by colonoscopy of patients with IBD, 
clinical  suspicion  of  IBD,  as  well  as  during  the  examination  in  order  to  exclude  
organic pathology of the colon; material of colon resection with colorectal cancer 
(CRC); CRC cell lines. A double-immunofluorescent stain of histological slides with 
antibodies to various types of tubulin and cytokeratin followed by morphometric 
evaluation. We analyzed the relationship between the expression of different isotypes 
and post-translational modifications (PTM) of tubulin and the main clinical, 
morphological characteristics of CRC and IBD. In the experiment colorectal cancer 
cell lines were used to study the effect III-tubulin on the basic functional cell 
performance. 

Results: for the first time, the range of changes in the expression of tubulin 
isotypes of - and -tubulin  PTM  in  IBD  and  CRC  were  established.  Prognosis  of  
CRC is associated with a decrease in the expression of I-tubulin, acetylated and 
detyrosinated -tubulin, as well as an increase in the III-tubulin in the tumor center. 
High expression of  III-tubulin in the tumor stroma and tumor budds at the invasive 
front is a marker of chemoresistance. In chronic inflammation an increase of  

III-isotype and decrease of acetylated -tubulin were found. In Crohn's disease  
the I-tubulin and detyrosinated -tubulin increase was revealed, while in ulcerative 
colitis the decrease of I-isotype was observed. III-tubulin plays an important role in 
the invasive activity of colorectal cancer cells. 

Field of application: pathology, gastroenterology, oncology, and 
pharmacology.  
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