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 Abstract  

Background: Cancer cells support their growth and invasion by rewiring their metabolism. 

Therefore our aim was to explore the value of some metabolic mediators such as serum Fatty 

Acid Synthase (FASN) level and Lactate Dehydrogenase (LDH) activity as well as CEA, CA19-9 

and plasma miR-181a levels as diagnostic markers and evaluating their relationship to the 

clin icopathological features  in colorectal cancer (CRC) patients. The association of fasting blood 

sugar (FBS) and triglyceride (TG) levels as risk factors for colorectal cancer was also assessed. 

The study was conducted on 70 colorectal cancer patients and 30 controls. Results: CEA, CA19-

9, FASN and miR-181a levels were significantly h igher in sera of CRC patients compared to 

controls. miR-181a levels increased significantly according to stage and grade while CA19-9 

increased significantly with grade not stage. LDH activ ity didn’t show significant difference 

between CRC patients and control except for stage IV. CA19-9 and FASN were significantly 

increased among males while miR-181a was significantly elevated in female patients. None of the 

markers showed significant difference according to tumour site. Weak positive and negative 

correlations were observed between FASN and TG, between LDH and FBS respectively. 

Moreover, moderate and strong positive correlations were observed between miR-181a and FBS, 

between CEA and CA19-9 respectively. Conclusion: FASN showed the best diagnostic value 

with 96% sensitivity and 95% specificity followed by miR-181a with 95% sensitivity and 90% 

specificity; both were superior to LDH, CEA and CA 19-9. Moreover, miR-181a had the best 

association with stage and grade compared to all other studied markers. 
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Introduction: 

Colorectal cancer (CRC) is the third most common 

cancer in men and the second in women with about 

one million new cases being diagnosed annually 

worldwide (1). Epidemiological data showed a 

variation in CRC incidence and mortality rates 

among different geographic areas and populations, 

this might be attributable to the exposure to 

variable risk factors, different dietary and 

lifestyles. Globally, about 55 % of the CRC cases 

occur in developed countries; nevertheless, 

incidence rates has significantly increased in 

developing countries especially among low 

socioeconomic communities due to modifiable 

risk factors such as unhealthy diet and obesity as 

well as costly screening costs. In Egypt CRC is 

ranked as the 8
th
 cancer with incidence rate 

accounting for 4 % in men and 3.5 % in women (2, 

3). 

Colonoscopy plays a central role in the diagnosis 

of CRC, however it is considered a costly 

inconvenient and invasive technique that cannot be 

practiced routinely for asymptomatic individuals. 

Therefore, cheap, blood based diagnostic and non-

invasive tests for early detection of CRC remains a 

major challenge to physicians as it is only way 

towards a lower mortality and a better treatment 

outcome (4). Unfortunately, in many cases the 

CRC is diagnosed only after the patients are 

already at an advanced stage CRC (5). 

  Cancer cells are characterized by an 

altered metabolism in order to support the rapid 

proliferation, growth and invasion required by 

malignant cells (6). Therefore, assessment of 

potential metabolic mediators as biomarkers that 

can be used for the early detection of CRC is 

becoming an area of interest, especially that 

traditional tumor markers such as 

Carcinoembryonic Antigen (CEA) and 

Carbohydrate Antigen 19-9 (CA19-9) has their 

limitations of a non satisfactory sensitivity and 

specificity especially in the diagnosis of early 

stages of CRC (7, 8). The altered metabolism of 

CRC cells involves an altered carbohydrate, lipid, 

amino acid and nucleotide metabolism (9).  

Carbohydrate metabolic perturbations 

include a distinct cancerous cell metabolic feature 

that is increased aerobic Glycolysis or the 

“Warburg effect”, where cells use Glycolysis as a 

main source of energy supply even in the presence 

of abundant levels of oxygen (10). 

Glycolysis related enzymes are frequently 

over expressed or show increased activity in 

cancer cells (11, 12). Hyper-production of lactate 

by Lactate dehydrogenase (LDH) promotes cell 

motility, impairs function of immune system and 

when secreted out of the cell it promote 

angiogenesis (13, 14).  

On the other hand, lipid metabolic 

perturbations include lipogenic enzymes such as 

Fatty Acid Synthase (FASN) which is highly 

elevated in serum of numerous human cancers. 

FASN catalyzes the synthesis of long-chain fatty 

acids used for membrane assembly, protein 

modification and as a source of energy (15-18). 

Moreover, its elevated expression levels were 

reported to correlate with poor prognosis and 

tumour aggressiveness (19).  

Altered carbohydrate and lipid metabolism 

might lead to obesity which is one of the 

components of the metabolic syndrome that has 

been associated with colon, liver and gastric 

cancers (20). Increased circulating levels of 
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triglycerides and glucose were also reported to be 

associated with cancer (21, 22). 

 Recently, a large number of micro-RNAs 

(miRNAs) were identified to play a role in cancer 

through regulation of metabolism and other actions 

(23). miR-181a aberrant expression was reported 

in several types of cancers, it is down regulated in 

Glioblastoma and non small cell lung cancer (24) 

While up-regulated in ovarian, breast and liver 

cancer (25-27). It was also reported that miR-181a 

plays an important role in CRC metabolic 

reprogramming (28). 

The aim of the present study was to 

evaluate the potential value of metabolic mediators 

such as LDH activity, FASN, plasma miR-181a as 

well as CEA and CA19-9 levels as diagnostic 

markers for colorectal cancer. The potential 

relationship of these markers with the 

clinicopathological features of the tumour was also 

assessed. 

Subjects and methods: 

The present study was carried out on a total of 100 

participants; 70 patients diagnosed with CRC 

(from 32 to 78 years old), were admitted to the 

Experimental and Clinical Surgery Department at 

the Medical Research Institute Hospital, 

Alexandria University, between January 2015 to 

February 2017 and 30 control healthy participants 

with no family history of CRC or inflammatory 

bowel disease, with age ranging from 27 to 50 

years old. Inclusion criteria: patients with CRC as 

diagnosed by colonoscopy and histopathological 

examinations. Exclusion criteria: previous 

gastrointestinal tract surgery, inflammatory bowel 

diseases, patients with cancers in another organs 

and/or currently receiving chemotherapy. 

 All protocols of the study were reviewed 

and approved by the ethical committee of the 

Medical Research Institute (IORG 0008812), 

Alexandria University and a written informed 

consent was obtained from all participants. 

 All participants were subjected to the 

followings laboratory investigations: FBS, TG, 

CEA and CA 19-9, serum FASN level, LDH 

activity and quantification of plasma miR-181a. 

Methods: 

Blood analysis : 

 5 ml venous blood was withdrawn from all 

participants, 2 ml was collected on EDTA coated 

tubes to separate plasma and 3 ml were left for 15 

min at room temperature before centrifugation to 

separate serum. Blood analysis including FBS, TG 

and LDH activity were performed by Cobas
®
 6000 

c501 Clinical Chemistry Analyzer (Roche 

Diagnostics GmbH, Mannheim, Germany), while 

CEA and CA19-9 by the Roche Cobas
®
 e601 

electrochemical luminescence analyzer. 

Measurement of serum FASN level was performed 

using ELISA kit (cloud-clone Corp, USA) 

according to the manufacturer's instructions.  

Relative quantitation of miR-181a by Real-

Time PCR:  

   Total plasma RNA was isolated using the 

miRNeasy Kit (QIAGEN, Germany), reverse 

transcribed to cDNA using the TaqMan® 

MicroRNA Reverse Transcription Kit (Applied 

Biosystems, USA). Quantitative real-time PCR 

was performed using the TaqMan® Universal 

PCR Master Mix and TaqMan® miRNA assay 

using the following TaqMan probes: hsa- miR-

181a (ID 000480) and cel-miR-39 (ID#000200) as 

internal control. All methods were performed 
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according to the kits manufacturer's instructions. 

The real-time PCR was performed using the 

StepOnePlus Real-Time PCR System (Applied 

Biosystems, USA), reaction were done in a final 

volume of 20 μl (10 μl of TaqMan Master Mix, 

1.33 μl of cDNA, 1 μl of 20 X TaqMan miRNA 

assay and 7.67 nuclease free water) and 

amplification conditions were 50 °C for 2 minutes, 

followed by holding at 95 °C for 10 minutes then 

40 cycles at 95 °C for 15 seconds and 60 °C for 60 

seconds. CT values were calculated using the 

StepOne v2.2.1 software (Applied Biosystems, 

USA). The comparative cycle threshold (ΔCT), 

∆∆CT and the fold change =2
−ΔΔCT

 was calculated 

by Microsoft Excel as described by Livak K. et al. 

(29). 

Statistical analysis:  

Statistical analysis was done using the Statistical 

Package for Social Sciences version 20 (SPSS Inc, 

Chicago, ILL Company). Quantitative data were 

expressed as mean±SD for normally distributed or 

median for abnormally distributed data, non-

parametric tests were used to compare medians 

across groups. Mann–Whitney test was used for 

comparison between two groups when the values 

were abnormally distributed. The significant 

measurements between different groups were 

determined by Duncan multiple range test. 

Spearman’s rank correlation coefficient was used 

to test potential correlations, Cut-off values of 

tumor markers were determined according to the 

receiver-operator characteristic (ROC) analysis. P 

values ≤ 0.05 were considered significant.  

Results:  

Demographic and clinical characteristics of control 

and CRC patients are presented in Table (1) and 

clinicopathological characteristics of patients are 

presented in Table (2).  

BMI was significantly lower in CRC 

patients compared to controls (P=0.002), FBS 

levels were significantly higher in CRC patients 

(P=0.003) however the levels were within the 

normal range, TG levels did not show significant 

difference (P= 0.32). A modest association for 

both FBS and TG levels was observed (O.R 1.68, 

CI 0.071-0.65) and (O.R 1.77, CI 0.11- 0.79) 

respectively. Table (1). 

Serum concentrations of CEA, CA19-9, 

FASN and miR-181a were significantly higher in 

CRC patients compared with healthy controls, (P= 

0.001, P= 0.011, P=0.001, P= 0.0001) respectively. 

However, overall serum LDH activity did not 

show a significant difference between patients and 

control (P= 0.920). Table (3). 

When CRC patients were subdivided according to 

gender, CA19-9 and FASN were significantly 

higher in male than female patients (P= 0.031 and 

0.014) respectively, while miR-181a was 

significantly higher in female patients (P= 0.0002). 

On the other hand, none of the studied markers 

showed significant difference with tumour 

location. Table (3).  

Serum CEA, CA19-9 and FASN levels showed a 

significant difference between certain, but not all 

CRC stages; however there was no clear 

progressive increasing or decreasing pattern 

associated with the tumour stage, Table (4). Serum 

LDH levels showed a significant high increase in 

advanced stage IV patients compared to all other 

stages and control. On the other hand, miR-181a 

levels were significantly increased with the tumour 

stage, Table (4). There was no association between 
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tumour grade and CA19-9, FASN and LDH. 

However, both CEA and miR-181a showed a 

significantly higher level at higher tumour grade, 

Table (5).  The Diagnostic accuracy of the studied 

markers were evaluated using ROC curve which 

indicated that the CEA had 90% sensitivity and 

85% specificity, CA19-9 had 92% sensitivity and 

88% specificity, FASN had 96% sensitivity and 

95% specificity and finally, miR-181a had 95% 

sensitivity and 90% specificity Figure (1) and 

Table(6).  The correlation between all studied 

parameters in CRC patients was also analyzed. 

The statistically significant correlations are shown 

in Figure (2); a weak positive correlation between 

FASN and TG (r = 0.281, p=0.018), a weak 

negative correlation between LDH and FBS (r = - 

0.295, p=.013), a moderate positive correlation 

between miR-181a and FBS (r = 0.475, p= 0.0001) 

and a strong positive correlation between CEA and 

CA19-9 (r = 0.740, p=0.0001) (figure 2). 

 
 

 
 

 
 
 

 
 

 
 
 

 
 

 

 

 

 

Figure (1): Multiple ROC curves for the evaluation of diagnostic efficiencies  of markers  

 

Table (1 ): Demographic and clin ical features for controls (n = 30) and patients (n = 70)  

Variable Control  

n (%) 

Patients  

n (%) 

OR
#
 CI

#
 

Male 

Female 

12 (40.0%) 
18 (60.0%) 

30 (42.9%) 
40 (57.1%) 

-- -- 

Age 
@

 43.3±6.8 57.3±12.4 -- -- 

BMI
@

 27.8±5.4 24.0±3.6 * -- -- 

FBS (mg/dl)
 @

 91.3±4.8 104.6±23.4 * 1.68 0.071-0.65 

TG (mg/dl)
 @

 103.8±60.2 134.5±66.3 1.77 0.11-0.79 
@ 

Values expressed as mean ± standard deviation; n= Total number; *significant difference as compared with control; 

significant P values ≤ 0.05;
 #

OR, odds ratio; CI, confidence interval.  
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Figure (2): Correlation analysis of some studied parameters  

 

Table (2 ): Clinicopathological Characteristics of patients (n = 70) 

Tumour location 

n (% ) 

Colon 47 (67.1% ) 

Rectum 23 (32.9%) 

Tumour Stage  

n (% ) 

 

Stage I 36 (51.4%) 

Stage IIa  10 (14.3%) 

Stage IIb  9 (12.9%) 

Stage III 11 (15.7%) 

Stage IV 4 (5.7%) 

Tumour Grade 

n (% ) 

 

G1 14 (20.0%) 

G2 42 (60.0%) 

G3 14 (20.0%) 

 

Table (3 ): Statistical analysis of the studied parameters according to gender and tumour location 

Parameter  Control  

(n=30) 

Patients  

(n=70) 

GENDER  TUMOR LOCATION 

Male (n=30) Female (n=40) 

 

Colon (n=47) 

 

Rectum (n=23) 

((((n=23) CEA 
#
 

ng/ml  

1.85-2.78 

(1.96) 

 

2.7-20.9 

(5.90) * 

 

3.1-29.7 

(9.45) 

 

2.7-17.1 

(3.60) 

 

3.4-22.5 

(7.75) 

 

3.47-22.9 

(5.44) 

 CA19-9 
#
 

U/ml  

3.88-6.39 

(5.50) 

 

6.9-49.6 

(15.30)*  

 

14.2-87.7 

(16.9)
 $

 

 

12.0-28.0 

(15.3) 

 

13.2-53.2 

(15.4) 

 

2.41-64.5 

(10.20) 

 FASN 

ng/ml  

5.88-7.23 

(5.9) 

 

13.2-16.2 

(13.9)*  

 

13.37-19.87 

(14.25)
 $

 

 

12.2-14.43 

(13.4) 

 

13.3-17.6 

(14.0) 

 

11.48-14.91 

(13.8) 

 LDH 
#
 

U/L 

324.0-360.0 

(353.0) 

 

302.9-376.4 

(301.5) 

 

267.1-336.8 

(279.0) 

 

309.6-426.3 

(331.0) 

 

 

296.2-384.9 

(303.0) 

 

267.0-409.5 

(291.0) 

miRNA 

181a 
#
 

0.86-1.37 

(1.03) 

 

2.56-10.78 

(4.38) * 

 

3.2-5.33 

(3.89)
 $

 

 

4.8-15.3 

(6.07) 

 

3.14-9.2 

(4.08) 

 

5.0-17.3 

(7.01) 

 # 
Values are presented as Interquartile Range IQR and (median); * significant difference as compared with control P ≤ 

0.05; 
$ 

significant difference as compared with females  P ≤ 0.05. 
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Table (4 ): Parameter levels at different tumour stages 

Parameter STAGE  

Control  I IIa IIb III IV 

CEA 

ng/ml  

1.85-2.78 

(1.96)
a  

9.88-26.7
 

(8.97)
 b

 

4.17-12.7
 

(9.45)
 b  

8.08-50.6
 

(42.8)
 c  

1.78-5.7
 

(3.69)
 a  

0.71-1.96
 

(1.49)
 a  

CA19-9 

U/ml  

3.88-6.39 

(5.50)
a  

12.6-82.8
 

(17.6)
 b  

3.7-14.8
 

(9.45)
 a  

4.05-34.6
 

(26.5)
 b  

5.47-14.6
 

(10.2)
 a  

8.4-28.1
 

(20.6)
 b  

FASN 

ng/ml  

5.88-7.23 

(5.9)
a 

12.2-15.7 

(13.4)
b  

11.54-28.8 

 (17.45)
c  

13.0-16.7 

(13.8)
b  

9.8-15.1 

(11.8)
b  

9.9-17.5 

(14.6)
b  

LDH U/L 324.0-360.0 

(353.0)
a  

244.6-337.2
 

(285.0)
 b

 

228.1-279
 

(246.0)
 b 

238.5-408.6
 

(355.0)
 a  

274.2-369.0
 

(325.0)
 a  

596.4-1016.0
 

(756.0)
 c  

miRNA 

181a 

0.86-1.37 

(1.03)
a  

3.2-5.3
 

(3.66)
 b  

0.14-8.9
 

(2.03)
 b

 

2.4-12.15
 

(7.01)
 c

 

5.0-26.6
 

(10.93)
 c  

21.8-42.7
 

(34.78)
 d 

Values are presented as Interquartile Range IQR and (median);
 a,b,c,d

 Different letters indicates a significant difference 

between the two groups. 

Table (5 ): Parameter levels at different tumour grades  

Parameter  Control  GRADE 

G1 G2 G3 

CEA  

ng/ml  

1.85-2.78 

(1.96)
a  

0.225-5.19
 
 

(1.72)
 a

 

13.3-27.9
 

(10.2)
 b  

2.44-23.9
c  

(3.69)
 

CA19-9  

U/ml  

3.88-6.39 

(5.50)
a  

3.3-12.6
 

(4.55)
 b  

21.0-36.9
 

(17.6)
 c  

7.6-24.9
 

(15.3)
 d  

FASN 

 ng/ml  

5.88-7.23 

(5.9)
a 

8.6-17.7 

(12.9)
b  

13.6-17.8 

(14.8)
b  

11.27-15.3 

(13.8)
b
 

LDH  

U/L 

324.0-360.0 

(353.0)
a  

262.9-513.6
 

(355.5)
 a  

268.6-326.4
 

(282.5)
 a

 

251.13-530.4
 

(360.0)
 b

 

miRNA  

181a 

0.86-1.37 

(1.03) 
a 

1.17-10
 

(1.82)
 b  

3.5-5.9
 

(3.71)
 b  

12.1-30.1
 

(17.1)
 c  

Values are presented as Interquartile Range IQR and (median);
 a,b,c,d

 Different letters indicates a significant difference 

between the two groups. 

Table (6 ): Diagnostic sensitivity, specificity and accuracy for studied parameters  

Parameter  AUC
#
 P value Asymptotic  

95%  CI 

Cut 

off 

valu

e 

Sensitivity 

% 

Specificity 

% 

Accurac

y 

% Lower 

Bound 

Upper 

Bound 

CEA (ng/ml) 0.832 0.0001 0.637 0.827 2.9  90 85 88 

CA19-9 (U/ml) 0.865 0.0001 0.674 0.856 10.0  92 88 90 

FASN (ng/ml) 0.957 0.0001 0.920 0.995 8.2  96 95 95 

miRNA 181a 0.912 0.0001 0.857 0.967 2.00 95 90 92 
# 

Area under the curve; CI, confidence interval.
 

Discussion: 
The clinical value of early diagnosis of cancer has 

been discussed as early as 1933 by Dr. J.S. 

Mceachern who emphasized the importance of 

applying “accurate diagnostic measures” for 

confirming the presence of cancer at early stages 

(30). Nowadays, it is confirmed that the cancer 

stage at the time of diagnosis clearly influence the 

mortality rates, as was demonstrated in CRC by the 

93% and 16% three years survival rates of early 

diagnosed stage I and IV patients, respectively (31). 

The delay in diagnosis; therefore, treatment of CRC 

is a multi-factorial problem (32). Unfortunately, 

lack of highly specific and sensitive tumour 
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markers for CRC remains a major obstacle toward 

highly successful diagnosis and therapy (8).    Our 

current study evaluated the diagnostic value of 

standard tumour markers such as CEA and CA19-9 

as well as the metabolic mediators FASN, LDH and 

miR-181a; moreover, assessing their potential 

association with CRC stage and grade.   

Long chain fatty acids synthesized by 

FASN are required at high levels in cancer cells for 

membrane assembly and as a source of stored 

energy in the case of excess carbohydrates through 

β-oxidation of triacylglycerols (33, 34). Our data 

demonstrated that both FASN and TG levels were 

higher in sera of CRC patients compared to hea lthy 

controls. This significant increase in FASN was 

detected starting from early stage-I tumour and 

continued through all stages. Therefore, the 

elevated serum FASN levels detected in our study 

confirms an increased lipogenic metabolic status in 

CRC patients. The association between high FASN 

levels and insulin resistance which leads to higher 

FBS was previously reported (35), this relation 

explains our data showing a significant increase in 

FBS levels in patients compared with control 

subjects. Our data also revealed a modest 

association between FBS and TG levels with CRC. 

Coordinated elevation of lipogenic and 

glycolytic enzymes in human carcinoma was 

previously reported (36), among these glycolytic 

enzymes is the LDH enzyme which plays a tumour 

promoting role through a C-MYC mediated cell 

transformation pathway (37). Our data presented in 

this paper showed a highly significant difference of 

serum LDH levels only in stage IV patients 

compared with stages I, II and III as well as control 

subjects. Our results are in accordance with other 

data reporting no significant difference in serum  

LDH levels between CRC or gastric cancer patients 

and controls, except between stage IV CRC and 

control (38- 40). Moreover, it has reported that only 

50% of confirmed CRC cases show increasing 

tissue LDH activity (41). The relation between the 

overall serum LDH level and clinicopathological 

status of CRC is controversial and further studies 

need to be performed, as some reports show 

significant relation with tumour stages, while others 

denies this finding (39, 42). Our data confirms the 

low serum LDH diagnostic sensitivity at early 

stages, it may also point to the value of LDH as a 

marker for advanced stage CRC.  

 miRNAs influence normal and cancer 

cellular metabolism by regulating genes whose 

protein products are direct regulators of metabolism 

or modulate the expression of metabolic enzymes 

(43, 44). miR-181a reprograms the metabolism of 

colon cells by increasing glucose uptake and lactate 

secretion required for increased cancer cell 

proliferation (45). In addition to its metabolic 

reprogramming effect, miR-181a is also suggested 

to promote the epithelial-mesenchymal transition 

and repression of the tumour suppressor WIF-1gene 

(46). In accordance with a pro-cancerous role for 

miR-181a, the present study shows a progressive 

stage and grade-associated highly significant 

elevated levels of miR-181a in CRC patients 

compared to control subjects. 

Conclusion: 

Our diagnostic accuracy comparative 

analysis revealed that serum FASN had the highest 

sensitivity and specificity (96% and 95%) 

respectively, followed by plasma miR-181a (95% 

and 92%), both markers were superior to LDH, 

CEA and CA-19-9,  miR-181a had the best 
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association with stage and grade compared to all 

other markers. 

Finally, it worth mentioning that our data 

might concur and disagree with other reports, we 

believe that these discrepancies might be attributed 

to the patient’s individual biological differences, 

pathological staging and grading variation and the 

sample size effect or all combined together. 

Therefore, further studies including more number 

of patients with more restricted clinicopathological 

classification need to be performed. 
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