
ISSN 2320-5407                               International Journal of Advanced Research (2016), Volume 4, Issue 7, 602-616 
 

602 

 

                                                   Journal homepage: http://www.journalijar.com                 INTERNATIONAL JOURNAL 

                                            Journal DOI: 10.21474/IJAR01                           OF ADVANCED RESEARCH 

                                                                                                                               

RESEARCH ARTICLE 

 

Predictive and prognostic value of SALL4 and Tau protein in serous ovarian cancer patients treated with 

chemotherapy. 

 

Ola A. Harb
1
, Rasha Haggag

2
,  Amira Amin Salem

1
, Walid Abdalla Abdesalam

3
 and Reham Amin Salim

4 
. 

1. Department of pathology, Faculty of Medicine, Zagazig University, Sharkia, Egypt. 

2. Department of  Medical Oncology, Faculty of Medicine, Zagazig University, Sharkia, Egypt.  

3. Department of Gynecology and Obstetrics, Faculty of Medicine, Zagazig University, Sharkia, Egypt.  

4. Department of Clinical Oncology and Nuclear medicine, Faculty of Medicine, Zagazig University, Sharkia, 

Egypt.  

 

Manuscript Info                  Abstract  

 
Manuscript History: 
 

Received: 18 May 2016 

Final Accepted: 22 June 2016 

Published Online: July 2016                                         

 
Key words:  
Serous ovarian carcinoma, SALL4, 

Tau protein, prognosis, 

chemoresistance. 

 

*Corresponding Author 

 

Rasha Haggag 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Background: Serous ovarian carcinoma (SOC) forms high percentage of 

epithelial ovarian cancer with frequent relapse and drug resistance. Spalt-like 

transcription factor SALL4 is a zinc finger transcriptional factor that 

regulates multiple downstream targeted genes included in normal 

development, essential in maintaining pluripotency and self-renewal of 

embryonic stem cells (escs). The role of SALL4 in serous ovarian carcinoma 

(SOC) is still controversial although it is involved in some tumor 

progression. Tau protein (50–64 kd), a product of gene located in 

chromosome 17 (17q21) shows the ability of combining to beta-tubulin. It 
may bind to the exterior as well as to the interior microtubules surface and its 

function has been extensively associated with neurodegenerative diseases.  

Aim of the work: To explore and assess the Predictive and prognostic role of 

SALL4 and Tau protein immunohistochemical expressions in serous ovarian 

carcinoma patients treated with paclitaxel/ carboplatin first-line 

chemotherapy. 

Methods: Immunohistochemical expressions of SALL4 and Tau protein 

were evaluated in sections from 50 paraffin blocks of serous ovarian 

carcinoma patients. The relationship between their level of expressions, 

prognosis and predictive value in serous ovarian carcinoma patients treated 

with paclitaxel/platinum first-line chemotherapy was analyzed. 

Results: The expression of SALL4 in serous ovarian carcinoma was signifi-
cantly positively correlated with grade, stage, lymph node metastasis 

(p<0.001), local recurrence of the tumor (p=0.002) and distant metastasis 

(p=0.005). The expression of Tau protein was significantly positively 

correlated with grade, stage, lymph node, distant metastasis (p<0.001) and 

local recurrence of the tumor (p=0.002).  High SALL4 expression was 

significantly positively correlated with response to treatment, performance 

status worse 3-year overall survival (OS) and local recurrence free survival 

rate (P =0.018, 0.01, 0.008 and <0.001 respectively). High Tau protein 

expression were significantly positively correlated with response to 

treatment, performance status, worse 3-year overall survival (OS) rate, local 

recurrence free survival rate (p<0.001) and resistance to the 
paclitaxel/platinum first-line chemotherapy (p= 0.021). 

Conclusion: SALL4 and Tau protein may be considered as poor prognostic 

and predictive markers in serous ovarian carcinoma. 

 
                   Copy Right, IJAR, 2016,. All rights reserved. 
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Introduction: 
Epithelial ovarian cancer (EOC) is the 4th commonest malignancy in female [1], and it is one of the most common 

causes of postmenopausal women cancer mortality worldwide, serous ovarian carcinoma (SOC) forms high 

percentage of its types [1]. Despite the advancement in surgical intervention for management of SOC, its overall 

survival and progression-free survival rates are still poor as it is discovered at advanced stage especially in 

developing countries [3].  The primary goal of surgery is debulking due to the diffuse nature of SOC and the 

invasion of adjacent organs or peritoneal cavity via peritoneal fluid [4] followed by chemotherapy and molecular 

targeted therapies that play an important role in the postoperative treatment of SOC. The currently used 

chemotherapeutic agents are platinum plus taxane therapy [2]; they appeared with more resistance and less efficacy 

dealing with cancer patients. So a novel therapeutic agent that decrease the resistance to the current 

chemotherapeutic agents and that also specifically target the serous ovarian cancer is the main target for clinical 

cancer research [5-6]. Spalt-like transcription factor (SALL4) is a zinc finger transcriptional factor that regulates 

multiple downstream targeted genes involved in normal development, important in the control of pluripotency and 
self-renewal of embryonic stem cells (escs) [7], also recent research demonstrated that SALL4 is plays an important 

role in hematopoiesis and leukemogenesis, the abnormal expression of SALL4 was found in acute myeloid leukemia 

[8],  and it functions as an oncogene in many cancers [9]. Tau protein (50–64 kd), a product of gene located in 

chromosome 17 (17q21) shows the ability of combining to beta-tubulin. It may bind to the exterior and to the 

interior microtubules surface [10].Tau was first isolated from brain and its function has been associated with 

neurodegenerative diseases [11].There is a real need to adequately understand the mechanisms of SOC invasion, 

progression and development of more effective therapeutic molecular targets and prognostic biomarkers.  The 

predictive or prognostic value of Tau protein and SALL4 in SOC is still points under research, and no previous 

studies had explored the relation between immunohistochemical expression of SALL4 and its relation to 

chemotherapy resistance in SOC patients or detect the relation between both SALL4 and Tau protein 

immunoexpression.  
 

To explore and assess the predictive and prognostic role of SALL4 and Tau protein immunohistochemical 

expressions in serous ovarian carcinoma patients treated with paclitaxel/platinum first-line chemotherapy. 

 

Patients and Methods:- 
This retrospective study was carried out at departments of Medical Oncology, Pathology, Clinical Oncology and 

nuclear medicine, and Gynecology and Obstetrics, Faculty of Medicine, Zagazig University in the period from 
March 2013 to March 2016. 

 

We included 50 histologically confirmed serous ovarian cancer (SOC) International Federation of Gynaecology and 

Obstetrics (FIGO) stage IC-IV.  All patients had history of debulking surgery followed by first-line 

 

Chemotherapy regimen: paclitaxel (175 mg/m2) with carboplatin (AUC 6), administered every 3 weeks for 6 cycles. 

We used the tumor-node-metastasis (TNM) and International Federation of Gynecology and Obstetrics (FIGO) 

classifications for staging of SOC [12] and the WHO grading system, for pathologic grading [13]. We identified sex, 

age, tumor size, grade, stage, lymph node, distant metastasis, response to first-line chemotherapy according to 

RECIST criteria of the patients by retrospective examination of the patients’ records at the involved departments. 

Local Research Ethics Committee approval of the study was obtained. 

 

Immunohistochemical staining:- 

Immunohistochemical staining was carried out using using streptavidin-peroxidase system (Zhongshan 

Goldenbridge Biotechnology, Beijing, China)5μm thick sections cut from paraffin blocks, put on positively charged 

slides, then de-paraffinized in xylene and rehydrated in rising grades of ethyl alcohol. Antigen retrieval was done by 

boiling sections in citrate buffer (ph6.0) for 20 min and then after washing with phosphate buffered saline (PBS), the 

slides were incubated with rabbit monoclonal anti-Tau antibody [E178] (ab32057) (Abcam, Cambridge, MA, USA) 

was used at a dilution of 1:500 and Mouse monoclonal anti-Sall4 antibody (ab57577) (Abcam,Cambridge, MA, 

USA)diluted 1/100 at 4°C overnight. The sections were then washed in PBS and incubated with Poly-peroxidase-

anti-mouse/rabbit igg (Zymed Laboratories, San Francisco, CA, USA) for 20 min. 3; 30-Diaminobenzidine was used 

as the chromogen. At the end, the sections were counterstained with hematoxylin. Normal ovarian epithelium taken 

from areas near benign ovarian cyst was used as an external positive control for Tau protein [14], human yolk sac 
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tumor tissue as a positive control for SALL4 [15] and the negative controls by replacing the primary antibodies by 

the non-immune serum. 

 

Evaluation of immunohistochemical expression of Tau protein:- 

Specimens were assessed as follows: IHC score 0 – no staining; 1+ − poor focal staining or very poor diffuse 

staining (less intense than normal ovarian epithelium); 2+ average diffuse staining (similar to normal ovarian 
epithelium) or strong staining (more intense than normal ovarian epithelium) in less than 25% cells; 3 + strong 

staining in 25% of tumors cells or more. Tau expression was interpreted as negative (0 and 1+) or positive (2+ and 

3+). The final staining results were determined by using staining intensity of normal epithelial cells as a reference. 

We consider results as; low (0–1, 5) and high (2– 3) [10].  

 

Evaluation of immunohistochemical expression of SALL4:- 

Only nuclear staining was considered positive for SALL4. SALL4 expression was scored according to the 

percentage of tumor cells stained positive for SALL4, with 0 denoting <5% of tumor cells stained positive, 1, 5-30% 

of tumor cells stained positive, 2, 31-50% of tumor cells stained positive, 3, 51-80% of tumor cells stained positive, 

and 4, >80% of tumor cells stained positive. The low expression was defined as 0-1; the high expression was 

defined as 2-4 [16].  

 

Statistical analysis:- 
All statistics were performed using SPSS 22.0 for windows (SPSS Inc., Chicago, IL, USA) & medcalc windows 

(medcalc Software bvba 13, Ostend, Belgium). Continuous variables were expressed as the mean ± SD & median 

(range), and the categorical variables were expressed as a number (percentage). Percent of categorical variables were 

compared using the Pearson’s Chi-square test or Fisher's exact test when appropriate. Strength of relationship 

between Tau protein and SALL4 & clinicopathological features were determined by computing Spearman's 
correlation coefficient.  

Stratification of OS and RFS were done according to all clinicopathological features and immunohistochemical 

markers. A p value <0.05 was considered statistically significant. 

 

Results:- 
Patients:- 

Fifty patients of serous carcinoma of the ovary were included in our study with age ranged from (25-75) years 

(Mean: 55.48 ± 10.97 years), 18 cases were of low grade and 32 cases were of high grade type. 

 

SALL4 and Tau expressions in ovarian cancer:- 

Among 50 patients included in the analysis, 58 % (n=29 patients) had high Tau immunoexpression 42% (n=21) had 

low Tau immunoexpression. Also, 68 % (n=34) and 32% (n=16) of the patients had high andsall4 

immunoexpression, respectively. 

 

Correlation between SALL4 and Tau expressions with  clinicopath-ological variables of the 50 SOC patients:- 

The expression of SALL4 in serous ovarian carcinoma was significantly positively correlated with grade, stage, 

lymph node metastasis (p<0.001 for all), ECOG performance status (p= 0.01), local recurrence of the tumor 

(p=0.002) and distant metastasis (p=0.005; Table 1; Figures 1, 2). 

 

As well as, the expression of Tau protein was significantly positively correlated with grade, stage, lymph node, 

distant metastasis, ECOG performance status (p<0.001 for all), and local recurrence of the tumor (p=0.002; Table 1; 

Figs 3, 4). 

 

Association between Tau expression and response to chemotherapy in patients with measurable disease:- 

Among 35 patients with CR, 11 (100%; 21/ 21) were assessed as low Tau immunoexpression  and (48.3%; 14/29; 
p=.001) as high Tau immunoexpression. Proportion of objective response (OR) was higher in low Tau 

immunoexpression group (100%) compared with high Tau immunoexpression group (65.5%), with statistical 

significance (p=0.003; Table 2).  

The same was for SALL4, Among 35 patients with CR (100%; 16/16) were assessed as low SALL4 

immunoexpression  and (55.9%; 19/34; 0.01) as high SALL4-expression  . Proportion of objective response (OR) 
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was higher in low SALL4 immunoexpression group (100%) compared with high SALL4 immunoexpression 

(70.6%), with statistical significance (p=0.02; Table 2).  

Combined High Tau protein and SALL4 immunoexpression were significantly positively correlated with lower 

response to treatment (p=0.02; Table 2). 

 

Table 1:- Correlation between SALL4 and Tau protein expressions with clinicopathological variables of the 50 
serous ovarian carcinoma patients. 

Variables All 

(N=50) 

SALL4 P Tau protein  P 

Low 

(N=16) 

High 

(N=34) 

 Low 

(N=21) 

High 

(N=29) 

 

N (%) N (%) N (%) N (%) N  (%)  

FIGO stage             

Stage IC 7 (14) 7 (44) 0 (0) <0.001 7 (33) 0 (0) <0.001 

Stage II 9 (18) 4 (25) 5 (15) 6 (28.5) 3 (10.3) 

Stage III 20 (44) 5 (31.2) 17 (50) 8 (38) 14 (48.2) 

Stage IV 12 (24) 0 (0) 12 (35) 0 (0) 12 (41.4) 

Lymph node involvement             

Absent  16 (32) 11 (68.8) 5 (14.7) <0.001 13 (61.9) 3 (10.3) <0.001 

Present 34 (68) 5 (31.3) 29 (85.3) 8 (38.1) 26 (89.7) 

Distant Metastasis             

Absent 38 (76) 16 (100) 22 (64.7) 0.005 21 (100) 17 (58.6) 0.001 

Present 12 (24) 0 (0) 12 (35.3) 0 (0) 12 (41.4) 

Performance status             

ECOG<2 39 (78) 16 (100) 23 (67.6) 0.010 21 (100) 18 (62.1) 0.001 

ECOG≥2 0 (0) 0 (0) 11 (32.4) 0 (0) 11 (37.9) 

Recurrence             

No 10 (20) 9 (56) 1 (2.9) 0.002 10 (47.6) 0 (0) 0.002 

Yes 25 (50) 7 (74) 18 (53) 11 (52.4) 14 (48.3) 

Survival             

Alive 23 (46) 12 (75) 11 (32) 0.005 19 (91) 4 (14) <0.001 

Died 27 (54) 4 (25) 23 (68) 2 (9) 25 (86) 

 

Survival data: 
After a median follow up of 30 months (range: 10-36), the median OS and RFS were 12(10-36) and 11(9-36) 

months, respectively. 

 

Univariate analysis revealed following clinical parameters were correlated with RFS: FIGO stage at diagnosis 

(p<0.001), age (p=0.022), type of surgery (p=0.004), grade (p<0.001), LN involvement (p<0.001), Tau expression 

level (p= p<0.001) and SALL4 expression level (p=0.015).   

 

Overall survival (OS) associations were identified in univariate analysis and presented in Table 4. Statistical 
significance was achieved in following factors: FIGO stage at diagnosis (p<0.001), age (p=< 0.001), tumor grade 

(p< 0.001) tau expression status (p< 0.001) and SALL4 expression level (p=0.008).  The results are presented in 

tables 3&4 and figure 5. 

 

In multivariate analysis, the Tau protein and SALL4 immunoexpressions were statistically independent parameter 

associated with OS (HR-3.4, 8.4, and P=0.001, 0.01, respectively).   
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Table 2:- Correlation between SALL4&Tau protein immunohistochemical expressions and response to treatment in 

patients with serous ovarian carcinoma 
Characteristics  Response to treatment P 

 All 
(N=50) 

PD 
(N=3) 

SD 
(N=7) 

PR 
(N=5) 

CR 
(N=35) 

N (%) N (%) N (%) N (%) N (%)  

Surgery            

Suboptimal 16 (32) 2 (12.5) 5 (31.3) 5 (31.3) 4 (25) <0.001 

Optimal debulking 22 (44) 1 (4.5) 2 (9.1) 0 (0) 19 (86.4) 

Radical surgery 12 (24) 0 (0) 0 (0) 0 (0) 12 (100) 

SALL4            

Low 16 (32) 0 (0) 0 (0) 0 (0) 16 (100) 0.01 

High 34 (68) 3 (8.8) 7 (20.6) 5 (14.7) 19 (55.9) 

Tau            

Low 21 (42) 0 (0) 0 (0) 0 (0) 21 (100)  
0.001 High 29 (58) 3 (10.3) 7 (24.1) 5 (17.2) 14 (48.3) 

SALL4/Tau            

Low/Low 15 (30) 1 (6.7) 2 (13.3) 0 (0) 12 (80)  

0.02 Low/High 7 (14) 0 (0) 0 (0) 0 (0) 7 (100) 

High/Low 12 (24) 0 (0) 0 (0) 0 (0) 12 (100) 

High/High 16 (32) 2 (12.5) 5 (31.3) 5 (31.3) 4 (25) 

 

Table 3: Correlation between recurrence free survival in the 35 patients responding and clinicopathological 

features. 
Characteristics  Recurrence P Recurrence Free Survival P 

All 

(N=35) 

No 

(N=10) 

Yes 

(N=25) 

 Median 

(month) 

1 ys 

(%) 

2 ys 

(%) 

3 yrs 

(%) 

 

N (%) N (%) N (%) 

All patients 35 (100) 10 (28.6) 25 (71.4)  11 48.6% 33.4% 24.3%  

Age (years)             

Mean ± SD 50.74 ±8.95 41 ±9.39 54.64 ±5.02 <0.001      

Median (Range) 55 (25-60) 45 (25-55) 56 (45-60)     

≤40 years 4 (11.4) 4 (100) 0 (0) 0.002 NR 100% 100% 100% 0.022 

41-49 years 26 (74.3) 6 (23.1) 20 (76.9) 20 50% 29.2% 10.9% 

> 60 years 5 (14.3) 0 (0) 5 (100) 11 0% 0% 0% 

Surgery             

Suboptimal 4 (11.4) 1 (25) 3 (75) 0.006 21.5  50% 50% 0% 0.004 

Optimal debulking 19 (54.3) 1 (5.3) 18 (94.7) 11  31.6% 5.2% 5.2% 

Radical surgery 12 (34.3) 8 (66.7) 4 (33.3) NR 75% 75% 62.5% 

FIGO stage             

Stage IC 7 (20) 7 (100) 0 (0) <0.001 

 

NR 100% 100% 100 <0.001 

Stage II 9 (26) 2 (25) 7 (75) 21  100% 25% 25% 

Stage III 19 (54) 1 (0) 18 (100) 11  28.6% 0% 0% 

Grade             

Low grade 18 (51.4) 9 (50) 9 (50) 0.007 35  83.3% 55.6% 46.3% <0.001 

 High grade 17 (48.6) 1 (5.9) 16 (94.1) 11  11.8% 11.8% 0% 

Lymph  node 

involvement 

            

Absent  16 (45.7) 9 (56.3) 7 (43.8) 0.002 NR 81.2% 62.5% 52.1% <0.001 

Present 19 (54.3) 1 (5.3) 18 (94.7) 11  21.1% 7% 0% 

SALL4             

Low 16 (45.7) 9 (56.3) 7 (43.8) 0.002 NR 62.5% 62.5% 52.1% <0.001 

High 19 (54.3) 1 (5.3) 18 (94.7) 11  36.8% 6.1% 0% 

Tau             

Low 21 (60) 10 (47.6) 11 (52.4) 0.002 32  76.2% 50.8% 43.5% <0.001 

High 14 (40) 0 (0) 14 (100) 11  7.1% 7.1% 0% 

SALL4/Tau             

Low/Low 12 (34.3) 9 (75) 9 (75) <0.001 NR 75% 75% 75% 0.015 

Low/High 7 (20) 0 (0) 0 (0) 11  14.3% 14.3% 0% 

High/Low 12 (34.3) 1 (8.3) 1 (8.3) 20  58.3% 9.7% 0% 

High/High 4 (11.4) 0 (0) 0 (0) 11  0% 0 % 0% 
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Table 4: Correlation between overall survival of the 50 patients and clinicopathological features. 
Characteristics  Survival P Overall Survival P 

All 

(N=50) 

Alive 

(N=23) 

Died 

(N=27) 

 Median 

(month) 

1 

Yr 

(%) 

2 ys 

(%) 

3 

Ys 

(%) 

 

N (%) N (%) N (%)       

All patients 50 (100) 23 (46) 27 (54)  12  49.3% 44.8% 44.8%  

Age (years)             

Mean ± SD 55.48 ±10.97 46.73 ±8.60 62.92 ±6.27 <0.001      

Median (Range) 57 (25-

75) 

47 (25-

56) 

60 (56-

75) 

    

≤40 years 4 (8) 4 (100) 0 (0) <0.001 NR 100% 100% 100% <0.001 

41-49 years 29 (58) 19 (65) 10 (35) NR 72.4% 64.4% 64.4% 

> 60 years 17 (34) 0 (0) 17 (100) 11  0% 0% 0% 

Surgery             

Suboptimal 16 (32) 4 (25) 12 (75) <0.001 11  21.9% 21.9% 21.9% 0.005 

Optimal debulking 22 (44 7 (32) 15 (68) 11  40.9% 31.8% 31.8% 

Radical surgery 12 (24) 12 (100) 0 (0) NR 100% 100% 100% 

FIGO stage             

Stage IC 7 (14) 7 (100) 0 (0) <0.001 NR 100% 100% 100% <0.001 

Stage II 9 (18) 9 (100) 0 (0) NR 100% 100% 100% 

Stage III 22 (44) 7 (32) 15 (68) NR 100% 100% 100% 

Stage IV 12 (24) 0 (0) 12 (100) 11 0% 0% 0% 

Grade             

Low grade 18 (36) 18 (100) 0 (0) <0.001 NR 100% 100% 100% <0.001† 

High grade 32 (64) 5 (15.6) 27 (84.4) 11  20.8% 13.9% 13.9% 

Lymph node 

involvement 

            

Absent  16 (32) 16 (100) 0 (0) <0.001 NR 100% 100% 100% <0.001 

Present 34 (68) 7 (20.6) 27 (79.4) 11  25.7% 19.3% 19.3% 

Distant metastasis             

Absent  38 (76) 23 (60.5) 15 (39.5) <0.001 NR 65.8% 59.8% 59.8% <0.001 

Present 12 (24) 0 (0) 12 (100) 11  0% 0% 0% 

SALL4             

Low 16 (32) 12 (75) 4 (25) 0.005 NR 75% 75% 75% 0.008 

High 34 (68) 11 (32.4) 23 (67.6) 11  37.6% 31.4% 31.4% 

Tau             

Low 21 (42) 19 (90.5) 2 (9.5) <0.001‡ NR 90.5% 90.5% 90.5% <0.001 

High 29 (58) 4 (13.8) 25 (86.2) 11  20.7% 13.8% 13.8% 

SALL4/Tau             

Low/Low 15 (30) 10 (66.7) 5 (33.3) 0.002§ NR 100% 64% 64% 0.002 

Low/High 7 (14) 3 (42.9) 4 (57.1) 11  42.9% 42.9% 42.9% 

High/Low 12 (24) 10 (83.3) 2 (16.7) NR 83.3% 83.3% 83.3% 

High/High 16 (32) 0 (0) 16 (100) 11  0% 0% 0% 
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Figure1. Immunohistochemical staining of SALL4 

in Serous ovarian carcinoma (SOC): A) High 

Immunohistochemical expression in the nuclei of 

SOC high grade stage III x100; B) High 

Immunohistochemical expression in the nuclei of 

SOC high grade stage III x400); (C) High 

Immunohistochemical expression in the nuclei of 

SOC high grade stage IVx400 ; 
 

Note: High SALL4immunohistochemical expression 

(in the nuclei) in high grade and advanced stage 

SOC (↑). Magnification:  A. the original 

magnification was ×100  
B&C. the original magnification was ×400 
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B 
A 

 
Figure 2. Immunohistochemical staining of 

SALL4in Serous ovarian carcinoma (SOC): A) 

Low Immunohistochemical expression in the 

nuclei of clear cell SOC low grade stage I x100; 

B) Low Immunohistochemical expression in the 

nuclei of SOC lowgrade stage IIAx400); (C) Low 

Immunohistochemical expression in the nuclei of 

SOC stage IIB  x400;  

 

Note: Low SALL4immunohistochemical 

expression (in the nuclei) in low grade and early 

stage SOC (↑). Magnification:  A.the original 

magnification was ×100  

B&C. the original magnification was ×400  

 

C 
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B A 

 
Figure 3. Immunohistochemical staining of Tau-protein in 

Serous ovarian carcinoma (SOC): A) High 

Immunohistochemical expression in the cytoplasm of SOC 

high grade stage iiiax400; B) High Immunohistochemical 

expression in the cytoplasm of SOC high grade stage III 

Bx400); (C) High Immunohistochemical expression in the 

cytoplasm of SOC high grade stage IV x400;  

 

Note: High Tau-protein immunohistochemical expression (in 

the cytoplasm) in high grade and advanced stage SOC (↑). 

Magnification:  A, B& C. The original magnification was 

×400  

 

C 
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B A 
 

Figure 4. Immunohistochemical staining of 

Tau-protein in Serous ovarian carcinoma 

(SOC): A) Low Immunohistochemical 

expression in the cytoplasm of SOC low grade 

stage I x400; B) Low Immunohistochemical 

expression in the cytoplasm of SOC low 

gradestage IIAx400); (C) Low 

Immunohistochemical expression in the 

cytoplasm of SOC low grade stage IIBx400;  

 

Note: Low Tau-protein immunohistochemical 

expression (in the cytoplasm) in low gradeand 

early stage SOC (↑). Magnification:  A, B& C. 

the original magnification was ×400  
 

C  
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            A 

 

 
 

      B 

Figure 5.  

A. Overall survival by tau expression.                                                B. Overall survival by SALL4 expression 

 

Discussion: 
Ovarian cancer is the leading cause of morbidity among malignant gynecologic diseases.  The most frequent subtype 

among ovarian cancer is SOC [17]. It can directly broadly invade adjacent organs or peritoneal cavity via peritoneal 

fluid. Because of the diffuse nature of SOC, the objective of surgery is often cytoreductive, but not radical [18]. 

 

 However, disease that initially responds well to this treatment frequently relapses, indicating that the existing 

therapeutic molecular targets and prognosis markers are not sensitive and efficacious enough.  Therefore, it is 

necessary to make further research on new therapies and treatment targets of SOC. In this study, we investigated the 

prognostic role of SALL4 and Tau protein in SOC. 

 

We found that SALL4 immunohistochemical expression was significantly positively correlated with grade, stage, 

lymph node metastasis (p<0.001), local recurrence of the tumor (p=0.002) and distant metastasis (p=0.005).   Our 
follow up data showed that high expression of SALL4 expression was significantly positively correlated with 

response to treatment, performance status worse 3-year overall survival (OS) and local recurrence free survival rate 

(P =0.018, 0.01, 0.008 and <0.001 respectively). 

 

Yang et al. [19], proved the same results in SOC that were near that of the previous studies on the function of 

SALL4 in solid tumors [20-23]. 
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Our results can be explained by, Zeng et al. [24] that explained how SALL4 regulate stemness in embryonic and 

hematopoietic stem cells and activated in a hepatocellular carcinoma subtype with stem cell features, deletion of 

SALL4 resulted in the down-regulation of these stem cell markers, together with attenuation of the invasion 

capacity, also the function of SALL4 in promoting lymph node metastasis and advanced stage might be due to the 

interaction with b-catenin and subsequent aberrant activation of Wnt/b-catenin signaling pathway [15, 25, 26]. 

 
Also recent reports showed that SALL4 involved in HOXA9, c-Myc and PTEN-AKT pathway, these genes correlate 

with epithelial-mesenchymal transition (EMT) [21, 28]. EMT plays an essential role in increasing SOC spread [28-

29].   

 

The aim of adjuvant chemotherapy is prolongation of OS rate that effect is possible to achieve if the cancer is 

chemo-sensitive. Thus, chemosensitivity is a good prognostic factor and drug resistance is a significant obstacle that 

affects the overall survival rate for advanced serous ovarian cancer patients. 

 

We tried to find relation between the immunohistochemical expression of our markers and response to 

chemotherapeutic agents we found that SALL4 can participate in mediating cellular resistance to chemotherapeutic 

drugs and that low immunohistochemical expression of SALL4 in SOC is associated with better efficacy of 

chemotherapy (p= 0.626). 
 

There are no many previous studies studied the relation between SALL4 and drug resistance in SOC, but our results 

are the same like that of  Liu et al., [30] who proved that SALL4 expression is positively correlated with increased 

resistant to chemotherapeutic agents in endometrial carcinoma, and results of other studies that detected SALL4-

induced chemotherapeutic resistance in a variety of cancers [31-32] and our results can be explained by that the 

majority of drug resistance in human cancer are associated with ATP-binding cassette (ABC) multidrug transporters. 

SALL4 induces chemotherapeutic drug resistance through the regulation of ABCB1 in endometrial cancer cells. 

ABC transporters were thought to be closely related to drug resistance ABCB1 is the prototype of this gene 

superfamily, and its deregulation has been associated with drug resistance in several types of cancers [30]. 

 

C-Myc plays an important roles in many oncogenic processes, including tumor drug resistance and metastasis. 
SALL4 in endometrial cancer cells promoted c-Myc transcriptional activity [27]. 

 

In our study Tau protein-immunoexpression in SOC was significantly positively correlated with grade, stage, lymph 

node, distant metastasis (p<0.001) and local recurrence of the tumor (p=0.002) and we analyzed the role of its 

expression as a predictive factor for paclitaxel-containing chemotherapy. High Tau protein expression were signifi-

cantly positively correlated wit-h response to treatment, performance status, worse 3-year OS rate (p<0.001) and 

resistance to the paclitaxel/ carboplatin first-line chemotherapy (p= 0.021). 

 

Smoter et al. [14] found similar results that the negative status of Tau protein in SOC is associated with better 

response to chemotherapy.  

 

Our results were explained by understanding paclitaxel’s action which is competitive to Tau protein. Paclitaxel 
binds beta-tubulin on microtubule’s inner surface, in the same point as Tau protein [33], and the presence of Tau 

protein on the microtubules ‘surface creates difficulties in paclitaxel attachment to these structures. Low Tau 

expression may result in better paclitaxel connection with microtubules and more effective chemotherapy action, 

expressed in higher objective responses rate and better PFS [13]. 

 

Low Tau protein expression was associated with statistically significant more frequent achievement of complete 

response (CR) to paclitaxel in breast cancer and inhibition of Tau protein may enhance paclitaxel activity [10].  

 

Tau protein -negative patients with breast cancer were sensitive to paclitaxel therapy, compared with Tau protein 

positive patients [34]. 

 
The predictive value of low Tau expression for paclitaxel therapy was confirmed in gastric cancer [35].  

 

Paclitaxel has a more obvious function to cells with low expression of Tau protein; the apoptosis rate is also higher. 

Paclitaxel may be easily combined with tubulin under low concentrations of Tau protein. The high concentration has 
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a stabilizing effect to microtubules, reducing the harmful effects of paclitaxel, which leads to drug resistance. 

However, resistance mechanisms to paclitaxel and their associated prognostic value needs further study [36]. 

 

Abd elaziz  et al. [37] proved results that are similar to ours. Steffensen et al.[38], results were different from ours 

they reported that Tau protein was not associated with OS rate or progression free survival.  

 
Our results differ from those obtained in the studies on breast cancer, where co-expression of Tau protein and 

estrogen receptor was considered as good prognostic factor [39].This divergence might be caused by Tau 

significance evaluation in different cancer sites.  

 

Our study was the first to correlate the immunohistochemical expression of SALL4 and Tau protein 

immunohistochemical expression, prognosis and response to chemotherapy and we found a positive correlation 

between the expression of both markers, poor prognosis and resistant to chemotherapy (Spearman’s r= +0.198; 

p=0.161).  

 

Therefore the targeted therapy against these markers can decrease the resistance to the currently used 

chemotherapeutic agents and anti SALL4 could be a novel therapeutic drug that specifically target SOC cells 

decreasing its spread and improving its prognosis. 

 

Conclusion:- 
SALL4 and Tau protein may be useful prognostic and predictive markers in ovarian cancer patients receiving 

chemotherapy. More prospective studies with larger group of patients, may confirm their predictive and prognostic 

value. 

 

References:- 
1. Konstantinopoulos PA and Matulonis UA. Current status and evolution of preclinical drug development models 

of epithelial ovarian cancer. Front Oncol 2013; 3: 296. 

2. Jayson GC, Kohn EC, Kitchener HC and Ledermann JA. Ovarian cancer. Lancet 2014; 384: 1376-1388. 

3. Cannistra SA: Cancer of the ovary. N Engl J Med 351: 2519-2529, 2004. 

4. Rajanbabu A, Kuriakose S, Ahmad SZ, Khadakban T, Khadakban D, Venkatesan R and Vijaykumar DK. 

Evolution of surgery in advanced epithelial ovarian cancer in a dedicated gynaecologic oncology unit-seven 
year audit from a tertiary care centre in a developing country. Ecancermedicalscience 2014; 8: 422. 

5. Takebe N, Miele L, Harris PJ, Jeong W, Bando H, Kahn M, Yang SX and Ivy SP. Targeting Notch, Hedgehog, 

and Wnt pathways in cancer stem cells: clinical update. Nat Rev Clin Oncol 2015; 12: 445-64. 

6. Ramos P and Bentires-Alj M. Mechanism-based cancer therapy: resistance to therapy, therapy for resistance. 

Oncogene 2015; 34: 3617-26. 

7. Sakaki-Yumoto M1, Kobayashi C, Sato A, Fujimura S, Matsumoto Y, Takasato M, Kodama T, Aburatani H, 

Asashima M, Yoshida N and Nishinakamura R. The murine homolog of SALL4, a causative gene in Okihiro 

syndrome, is essential for embryonic stem cell proliferation, and cooperates with SALL1 in anorectal, heart, 

brain and kidney development. Development.2006; 133:3005–3013. Doi:10.1242/dev.02457 

8. Ma Y, Cui W, Yang J, Qu J, Di C, Amin HM, Lai R, Ritz J, Krause DS and Chai L: SALL4, a novel oncogene, 

is constitutively expressed in human acute myeloid leukemia (AML) and induces AML in transgenic mice. 
Blood. 2006; 108: 2726-2735. 

9. Zhang X, Yuan X, Zhu W, Qian H and Xu W. SALL4: an emerging cancer biomarker and target. Cancer Lett 

2015; 357: 55-62. 

10. Rouzier R, Rajan R, Wagner P, Hess KR, Gold DL, Stec J, Ayers M, Ross JS, Zhang P, Buchholz TA, Kuerer 

H, Green M, Arun B, Hortobagyi GN, Symmans WF and Pusztai L.Microtubule-associated protein tau: amarker 

of paclitaxel sensitivity in breast cancer. Proc Natl Acad Sci USA 2005, 102:8315–20 

11. Cook, C.; Stankowski, J.N.; Carlomagno, Y.; Stetler, C and Petrucelli, L. Acetylation: A new key to unlock 

tau’s role in neurodegeneration. Alzheimers Res. Ther. 2014, 6, 29. 

12. Prat J, FIGO Committee on Gynecologic Oncology. Staging classification for cancer of the ovary, fallopian 

tube, and peritoneum. Int J Gynaecol Obstet. 2014 Jan. 124 (1):1-5.  

13. Kurman RJ, Carcangiu ML, Herrington CS and Young RH. WHO Classification of Tumours of Female 

Reproductive Organs. 4th ed.Lyon: International Agency for Research on Cancer; 2014. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Rouzier%20R%5BAuthor%5D&cauthor=true&cauthor_uid=15914550
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rajan%20R%5BAuthor%5D&cauthor=true&cauthor_uid=15914550
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wagner%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15914550
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hess%20KR%5BAuthor%5D&cauthor=true&cauthor_uid=15914550
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gold%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=15914550
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stec%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15914550
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ayers%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15914550
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ross%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=15914550
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15914550
https://www.ncbi.nlm.nih.gov/pubmed/?term=Buchholz%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=15914550
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kuerer%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15914550
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kuerer%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15914550
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kuerer%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15914550
https://www.ncbi.nlm.nih.gov/pubmed/?term=Green%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15914550
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arun%20B%5BAuthor%5D&cauthor=true&cauthor_uid=15914550
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hortobagyi%20GN%5BAuthor%5D&cauthor=true&cauthor_uid=15914550
https://www.ncbi.nlm.nih.gov/pubmed/?term=Symmans%20WF%5BAuthor%5D&cauthor=true&cauthor_uid=15914550
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pusztai%20L%5BAuthor%5D&cauthor=true&cauthor_uid=15914550


ISSN 2320-5407                               International Journal of Advanced Research (2016), Volume 4, Issue 7, 602-616 
 

615 

 

14. Smoter M, Bodnar L, Grala B, Stec R, Zieniuk K, Kozlowski W and Szczylik C Tau protein as a potential 

predictive marker in epithelial ovarian cancer patients treated with paclitaxel/platinum first-line chemotherapy. 

J Exp Clin Cancer Res. 2013 Apr 30; 32:25. Doi: 10.1186/1756-9966-32-25. 

15.  Hao L, Zhao Y, Wang Z, Yin H, Zhang X, He  T , Song S, Sun S, Wang B, Z Li and Su Q. Expression and 

clinical significance of SALL4 and b-catenin in colorectal cancer J Mol Hist,  2016. DOI 10.1007/s10735-016-

9656-5. 
16. Masuda S, Suzuki K and Izpisua Belmonte JC: Oncofetal gene SALL4 in aggressive hepatocellular carcinoma. 

N Engl jmed.2013; 369: 1171. 

17. TCGA, Integrated genomic analyses of ovarian carcinoma, Nature 474. 2011; 609-615. 

18. Bast RC Jr, Hennessy B and Mills GB: The biology of ovarian cancer: New opportunities for translation. Nat 

Rev Cancer 9.2009; 415-428. 

19. Yang M, Xie X and Ding Y. SALL4 is a marker of poor prognosis in serous ovarian carcinoma promoting 

invasion and metastasis. Oncol Rep. 2016 Mar; 35(3):1796-806. Doi: 10.3892/or.2016.4545. Epub 2016 Jan 5. 

20. Ardalan Khales S, Abbaszadegan MR, Abdollahi A, Raeisossadati R, Tousi MF and Forghanifard MM: SALL4 

as a new biomarker for early colorectal cancers. J Cancer Res Clin Oncol.2015; 141: 229-235. 

21. Li A1, Jiao Y1, Yong KJ2, Wang F3, Gao C1, Yan B4, Srivastava S2, Lim GS4, Tang P1, Yang H2, Tenen 

DG5 and Chai L1.: SALL4 is a new target in endometrial cancer. Oncogene.2015; 34: 63-72. 

22.  Zhang L1, Xu Z1, Xu X1, Zhang B1, Wu H2, Wang M1, Zhang X1, Yang T1, Cai J1, Yan Y1, Mao F1, Zhu 
W1, Shao Q1, Qian H1 and Xu W3.: SALL4, a novel marker for human gastric carcinogenesis and metastasis. 

Oncogene02014; 33: 5491-5500. 

23. Forghanifard MM, Khales SA, Javdani-Mallak A, Rad A, Farshchian M and Abbaszadegan MR. Stemness state 

regulators SALL4 and SOX2 are involved in progression and invasiveness of esophageal squamous cell 

carcinoma. Med Oncol.2014; 31:922–929. 

24. Zeng SS, Yamashita T, Kondo M, Nio K, Hayashi T, Hara Y, Nomura Y, Yoshida M, Hayashi T, Oishi N, 

Ikeda H, Honda M and Kaneko S.The transcription factor SALL4 regulates stemness of epcam-positive 

hepatocellular carcinoma. J Hepatol. 2014 Jan; 60(1):127-34.  

25. Böhm J, Sustmann C, Wilhelm C and Kohlhase J: SALL4 is directly activated by TCF/LEF in the canonical 

Wnt signaling pathway. Biochem Biophys Res Commun 348: 898-907, 2006. 

26. Uez N, Lickert H, Kohlhase J, de Angelis MH, Kühn R, Wurst W and Floss T: Sall4 isoforms act during 
proximal-distal and anterior-posterior axis formation in the mouse embryo.Genesis 46: 463-477, 2008  

27. Li A, Yang Y, Gao C, Lu J, Jeong HW, Liu BH, Tang P, Yao X, Neuberg D, Huang G, Tenen DG and Chai L.: 

A SALL4/MLL/HOXA9 pathway in murine and human myeloid leukemogenesis. J Clin Invest 123:4195-4207, 

2013. 

28. Yi BR, Kim TH, Kim YS and Choi KC: Alteration of epithelial‑ mesenchymal transition markers in human 

normal ovaries and neoplastic ovarian cancers. Int J Oncol 46: 272-280, 2015. 

29. Davidson B, Holth A, Hellesylt E, Tan TZ, Huang RY, Tropé C, Nesland JM and Thiery JP: The clinical role of 

epithelial‑ mesenchymal transition and stem cell markers in advanced-stage ovarian serous carcinoma effusions. 

Hum Pathol 46: 1-8, 2015. 

30. Liu L, Zhang J, Yang X, Fang C, Xu H and Xi X. SALL4 as an Epithelial-Mesenchymal Transition and Drug 
Resistance Inducer through the Regulation of c-Myc in Endometrial Cancer. Plos ONE. 2015; 10(9): e0138515. 

Doi:10.1371/journal. 

31. Hupfeld T1, Chapuy B, Schrader V, Beutler M, Veltkamp C, Koch R, Cameron S, Aung T, Haase D, Larosee P, 

Truemper L and Wulf GG.. Tyrosinekinase inhibition facilitates cooperation of transcription factor SALL4 and 

ABC transporter A3 towards intrinsic CML cell drug resistance. British journal of haematology. 2013; 

161(2):204–13. Epub 2013/02/26. Doi: 10.1111/bjh. 12246 PMID: 23432194. 

32. Oikawa T1, Kamiya A, Zeniya M, Chikada H, Hyuck AD, Yamazaki Y, Wauthier E, Tajiri H, Miller LD, Wang 

XW, Reid LM and Nakauchi H. Sal-like protein 4 (SALL4), a stem cell biomarker in liver cancers. Hepatology. 

2013; 57(4):1469–83. Epub 2012/11/24. Doi: 10.1002/ hep.26159 PMID: 23175232. 

33. Kar S, Fan J, Smith MJ, Goedert M, and Amos LA: Repeat motifs of tau bind to the insides of microtubules in 

the absence of taxol. EMBO J. 2003, 22:70–77. 

34. Tanaka S1, Nohara T, Iwamoto M, Sumiyoshi K, Kimura K, Takahashi Y and Tanigawa N.: Tau expression 
and efficacy of paclitaxel treatment in metastatic breast cancer. Cancer Chemother Pharmacol. 2009, 64:341–6. 

35. Wu H1, Huang M, Lu M, Zhu W, Shu Y, Cao P and Liu P.Regulation of microtubule-associated protein tau 

(MAPT) by mir-34c-5p determines the chemosensitivity ofgastric cancer to paclitaxel. Cancer Chemother 

Pharmacol. 2013 May; 71(5):1159-71. Doi: 10.1007/s00280-013-2108-y. Epub 2013 Feb 20.Qiu LX, Qian XP, 

Liu B (2009) Research progress on Taxane drug efficacy forecast molecular. Modern Oncol 17:1583–1584 

https://www.ncbi.nlm.nih.gov/pubmed/23631819
https://www.ncbi.nlm.nih.gov/pubmed/23631819
https://www.ncbi.nlm.nih.gov/pubmed/23631819
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26750614
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xie%20X%5BAuthor%5D&cauthor=true&cauthor_uid=26750614
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ding%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=26750614
http://www.ncbi.nlm.nih.gov/pubmed/26750614
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zeng%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=24012616
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yamashita%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24012616
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kondo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24012616
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nio%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24012616
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hayashi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24012616
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hara%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24012616
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nomura%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24012616
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yoshida%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24012616
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hayashi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24012616
http://www.ncbi.nlm.nih.gov/pubmed/?term=Oishi%20N%5BAuthor%5D&cauthor=true&cauthor_uid=24012616
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ikeda%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24012616
http://www.ncbi.nlm.nih.gov/pubmed/?term=Honda%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24012616
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kaneko%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24012616
http://www.ncbi.nlm.nih.gov/pubmed/24012616


ISSN 2320-5407                               International Journal of Advanced Research (2016), Volume 4, Issue 7, 602-616 
 

616 

 

36. Wang Q & Wang N & Shao G & Qian J& Shen D& feiy & Mao W and Wu D. Relationship Between Gastric 

Cancer Tau Protein Expression and Paclitaxel Sensitivity Pathol. Oncol. Res. (2013) 19:429–435 

37. Abd elaziz L, Younis S and  Abd el hak M Microtubule associated protein tau as a marker of response to taxene 

based chemotherapy in primary epithelial ovarian cancer Life Science Journal 2014;11(12) 

38. Steffensen KD, Smoter M, Waldstrøm M, Grala B, Bodnar L, Stec R, Szczylik C and Jakobsen A: Resistance to 

first line platinum paclitaxel chemotherapy in serous epithelial ovarian cancer: the prediction value of ERCC1 
and Tau expression. Int J Oncol. 2014 May; 44(5):1736- 44. 

39. Shao YY1, Kuo KT, Hu FC, Lu YS, Huang CS, Liau JY, Lee WC, Hsu C, Kuo WH, Chang KJ, Lin CH and 

Cheng AL.: Predictive and prognostic values of tau and ERCC1 in advanced breast cancer patients treated with 

paclitaxel and cisplatin. Jpn J Clin Oncol 2010, 40:286–93. 

 


