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Abstract
AIM: To investigate the relationship of serum levels of polyunsaturated fatty acid (PUFA) with kinds of cytokines in colorectal cancer (CRC).

METHODS: Serum samples of 100 CRC patients were collected. The concentration of total n-3 PUFA which included C18:3 n-3, C20:5 n-3, C22:5 n-3, C22:6 n-3 and the total n-6 PUFA included C18:2 n-6, C18:3 n-6, C20:3 n-6, C20:4 n-6, and C22:5 n-6 were detected on GC-2010 Plus Gas Chromatograph with a OmegawaxTM 250 column. Cytokines were detected by MagPlexTM-C microspheres. P values for the trend were estimated by creating a continuous variable using the median value within quartiles.

RESULTS: Interleukin-6 (IL-6) showed significantly positive association with the C20:4 n-6 (P for trend = 0.004). Interferon gamma (IFN-γ) showed significant positive association with the C22:5 n-3 (P for trend = 0.035). IL-8 and matrix metalloproteinase-9 (MMP-9) showed significant inverse association with the C22:6 n-3 (P for trend = 0.049, and 0.021). MMP-2 showed significant inverse association with the C20:5 n-3 (P for trend = 0.008). MMP-7 showed significantly positive association with the ratio of n-6 PUFA and n-3 PUFA (P for trend = 0.008). MMP-7 also showed significantly inverse association with the ratio of C20:4 n-6 and (n-6 PUFA + n-3 PUFA) (P for trend = 0.024). IL-10 (P for trend = 0.023) and IL-6 (P for trend = 0.036) showed significantly positive association with the ratio of C20:4 n-6 and C20:5 n-3.

CONCLUSION: Our data suggested that serum levels of PUFA is related to the inflammation of CRC, and also play different role in regulation of immune response.
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Core tip: Serum levels of polyunsaturated fatty acid (PUFA) with interferon gamma (IFN-γ), interleukin-10 (IL-10), IL-6, IL-8, tumor necrosis factor-α (TNF-α), matrix metalloproteinase-2 (MMP-2), MMP-7 and MMP-9 in colorectal cancer (CRC) were analyzed. IL-6 showed significantly positive association with the C20:4 n-6. IFN-γ showed significant positive association with the C22:5 n-3. IL-8 and MMP-9 showed significant inverse association with the C22:6 n-3. MMP-2 showed significant inverse association with the C20:5 n-3. Our data suggested that nutritional intervention may be related to the inflammation of colorectal cancer, and also found that their different role in the regulation of immune response.
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INTRODUCTION
Cancer has been demonstrated to be closely related to inflammation, and inflammatory processes may result in tumor progression and a poorer prognosis[1-3]. Many previous studies have shown that n-3 polyunsaturated fatty acids (PUFA) have the potential to inhibit inflammation and support cancer treatment[4,5]. n-3 and n-6 PUFA have multiple mechanisms of action, including regulation of anti-inflammatory and inflammatory responses[6,7].
n-3 PUFA can inhibit the production of interleukin-1 (IL-1) and tumor necrosis factor-α (TNF-α)[7] and has been shown to be independently associated with low levels of pro-inflammatory markers (IL-6 and TNF-α) and higher levels of anti-inflammatory markers (soluble IL-6r, IL-10 and TGF-β)[8]. In American men and women, the dietary intake of n-3 and n-6 PUFA was inversely associated with plasma levels of soluble TNF-receptors 1 and 2 but not with the plasma levels of other cytokines[9]. n-6 PUFA, such as arachidonic acid, a molecule that is esterified to membrane phospholipids, are precursors of pro-inflammatory mediators, and the metabolites of arachidonic acid play important roles in regulating the immune response[10,11]. PUFAs played important role in promoting inflammation by increasing vascular permeability and vasodilatation and directing the synthesis of pro-inflammatory cytokines and their migration to the site of inflammation[12,13].
In our study, we investigated the relationships between the serum levels of PUFAs and the serum levels of cytokines in colorectal cancer (CRC). Our study may be useful for determining new nutritional adjuvant treatments for colorectal cancer in clinical practice.

MATERIALS AND METHODS
Study population
Our study was reviewed and approved by the Ethics Committee of the Chinese PLA General Hospital. All individuals provided informed written consent. The serum samples were collected before the administration of any CRC treatment, such as surgery, chemotherapy and radiation therapy. CRC was diagnosed according to combined clinical criteria, including imaging data and serum tumor markers and was further confirmed by histopathological analysis. All study subjects were Han Chinese in origin, lived in northern inland cities, and did not have an increased dietary intake of PUFAs. Body mass index (BMI) was calculated as weight (kilograms)/height (square meters). Smoking and alcohol consumption statuses were reported as current (C), former (F), or never (N)[14]. The average daily intakes of energy, protein, fat and carbohydrates were estimated using the Chinese PLA General Hospital Nutrition Analyzer System. The clinical characteristics of all CRC samples used in this study were described in our previous study[15].
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Measurement of serum PUFA
200 μL serum sample was transferred to the glass methylation tube. 5 μg intern control C23:0 The, 1 mL hexane and 1 mL 14% BF3/MeOH reagent were added and mixed into the methylation tube. After blanketing by nitrogen, and heated at 100 °C for 45 min. Then the tube was cooled to room temperature, added 1 mL H2O into the tube. After centrifugation at 1200 r/min for 5 min, the upper hexane layer was transferred to a new tube, and then concentrated by nitrogen. The total fatty acid methyl esters were detected by GC-2010 Plus Gas Chromatograph (Chiyoda-ku, Tokyo, Japan) with a OmegawaxTM 250 column (Supelco, Belletonte, PA, United States) 30 m × 0.25 mm × 0.25 μm film thickness. The parameter of the Column temperature Program was 210 °C and 45 min. The levels of polyunsaturated fatty acids were showed as a percentage. The indicators detected in our study included C18:3 n-3, C20:5 n-3, C22:5 n-3, C22:6 n-3, C18:2 n-6, C18:3 n-6, C20:3 n-6, C20:4 n-6, and C22:5 n-6.

Multiplex microbead immunoassay and clinical serum marker detection
A multiplex bead-based sandwich immunoassay kits was used to detect the serum concentration of interferon gamma (IFN-γ), IL-10, IL-6, IL-8, TNF-α, matrix metalloproteinase-2 (MMP-2), MMP-7 and MMP-9 according to the instruction of manufacturer (HCYTOMAG-60K, Millipore, Billerica, MA, United States). Briefly, 25 μL serum sample and 25 μL beads were incubated at 4 °C overnight in a 96 well solid plate. Then the plates were washed twice by automated plated washer, and 25 μL biotinylated detecting antibodies cocktail was added, after shaking at room temperature for 1 h. 25 μL streptavidin-phycoerythrin solution was then added and shakedat room temperature for 30 min. After washing the plate twice, 150 μL sheath fluid was added. After the procedures metioned above, the fluorescent signal of the beads was detected by a Luminex 200 (Luminex, Austin, TX, United States). The levels were calculated according to the standard curves which were established by 5 different concentration ranged from 0-10000 pg/mL (IFN-γ, IL-10, IL-6, IL-8, TNF-α, and MMP-9), 0-50000 pg/mL (MMP-2) and 0-40000 pg/mL (MMP-7). The levels were reported as median fluorescent intensity. Total cholesterol, LDL cholesterol, HDL cholesterol, and triglycerides were detected by Cobas 8000 modular analyzer series (Roche Diagnostic, Mannheim, Germany).

Statistical analysis
All statistical analyses were performed on SAS 9.2 statistical package (SAS Institute, Inc. Cary, United States). Serum levels of n-3 and n-6 PUFA were divided into quartiles. The relationship of n-3 and n-6 PUFA with cytokines were analyzed by computing age, sex, smoke, alcohol drinking, body mass index (BMI), total cholesterol, LDL cholesterol, HDL cholesterol, triglycerides, total energy, protein, fat and carbohydrate intake adjusted partial Person correlation. P values for the trend were estimated by creating a continuous variable using the median value within quartiles, and P < 0.05 showed significant difference.

RESULTS
Association of n-6 PUFA and indicators with cytokines
In this study, we analyzed the associations of n-6 PUFAs with IFN-γ, IL-10, IL-6, IL-8, TNF-α, MMP-2, MMP-7 and MMP-9. As shown in Figure 1, IL-6 had a significant positive association with C20:4 n-6; when the percentage of C20:4 n-6 increased from Q1 to Q4, the concentration of IL-6 increased from 1.55 to 1.92 pg/mL (P for trend = 0.004). However, IL-6 concentration was not significantly associated with C18:2 n-6, C18:3 n-6, C22:5 n-6 or n-6 PUFA. As shown in Table 1, IFN-γ, IL-10, IL-8, TNF-α, MMP-2, MMP-7 and MMP-9 were not significantly associated with C18:2 n-6, C18:3 n-6, C20:4 n-6, C22:5 n-6 or n-6 PUFA.

Association of n-3 PUFA and indicators with cytokines
As shown in Figure 2A, IFN-γ had a significant positive association with C22:5 n-3; when the percentage of C22:5 n-3 increased from Q1 to Q4, the concentration of IFN-γ increased from 0.38 to 0.57 pg/mL (P for trend = 0.035). As shown in Figure 2B, IL-8 had a significant inverse association with C22:6 n-3; when the percentage of C22:6 n-3 increased from Q1 to Q4, the concentration of IL-8 decreased from 53.01 to 38.10 pg/mL (P for trend = 0.049). As shown in Figure 2C, MMP-2 had a significant inverse association with C20:5 n-3; when the percentage of C20:5 n-3 increased from Q1 to Q4, the concentration of MMP-2 decreased from 12.39 to 6.30 ng/mL (P for trend = 0.008). As shown in Figure 2D, MMP-9 had a significant inverse association with C22:6 n-3; when the percentage of C22:6 n-3 increased from Q1 to Q4, the concentration of MMP-9 decreased from 11.76 to 8.86 ng/mL (P for trend = 0.021). As shown in Table 2, C18:3 n-3, C20:5 n-3, C22:5 n-3, C22:6 n-3, and n-3 PUFA were not significantly associated with IL-10, IL-6, TNF-α, or MMP-7.

Association of n-6 PUFA and n-3 PUFA indicators with cytokines
As shown in Figure 3A, MMP-7 had a significant positive association with the ratio of n-6 PUFA to n-3 PUFA (P for trend = 0.008). MMP-7 also had a significant inverse association with the ratio of C20:4 n-6 to (n-6 PUFA + n-3 PUFA) (P for trend = 0.024). As shown in Figure 3B and C, IL-10 (P for trend = 0.023) and IL-6 (P for trend = 0.036) had significant positive associations with the ratio of C20:4 n-6 to C20:5 n-3. As shown in Table 3, IFN-γ, IL-8, TNF-α, MMP-2, MMP-9 were not significantly associated with n-6 PUFA/n-3 PUFA, C20:4 n-6/(C20:5 n-3 + C22:6 n-3), C20:4 n-6/C20:5 n-3, and C20:4 n-6/(n-6 PUFA + n-3 PUFA).

DISCUSSION
Previsous studies have demonstrated that inflammation is closely related to cancer development[16-18]. The PUFAs may involve in the inflammation of CRC, and may be a potential biomarker for prognosis of CRC[19]. When the PUFAs were loaded with magnetoliposomes, they may serve as a novel theranostic anti-inflammatory formulations[20]. Some authors found that n-3 PUFA increases B-cell CD69 surface expression, IL-6 and IFN-γ secretion. It can promote pro-inflammatory responses[21]. In addition, they may also related to the risk of colorectal cancer according to microsatellite instability[22]. In our study, IFN-γ has a significant positive association with C22:5 n-3. Our results were consistent with those of previous studies. Previous studies also shown that PGE2 can affect the Th1/Th2 balance. It not only decreases the production of Th1-type cytokines, such as IFN-γ and IL-2, but also enhances the production of Th2-type cytokines, such as IL-4 and IL-5. n-3 PUFA can decrease the PGE2 concentration to increase the IFN-γ levels. Previous studies found that n-3 PUFA bind to peroxisome proliferator-activated receptor-γ (PPAR-γ)[23]. PPARγ decreases the mRNA stability of IL-8[24], and the concentration of n-3 PUFA has been shown to be inversely associated with IL-8[25,26]. We observed an inverse association between n-3 PUFA and IL-8, which is consistent with the results of previous studies. An increase in theconcentration of PPAR-γ results in decrease in the concentration of MMP-2[27,28], and PPARγ agonists can activate pro-MMP-2[29]. In our study, MMP-2 was inversely associated with n-3 PUFA. n-3 PUFA also reduces the release of inflammatory promoters and promote the release of IL-10, improve the nutritional state of patients[30]. The n-3 PUFA sensitivity of colon cancer cells is closely related to autophagy, and may have potential therapeutic effects against cancer cells with low autophagy[31]. n-3 epoxides may also serve as regulators of inflammation and autophagy in insulin-sensitive tissues and postulate sEH as a druggable target in metabolic diseases[32]. Some authors have demonstrated a positive association between endogenous PGE2, and eicosanoids derived from n-6 PUFA and release of the inflammatory cytokine IL-6[33]. In a recent study of chronic obstructive pulmonary disease patients, higher n-6 PUFA intake was associated with higher IL-6 concentrations[34].Increased consumption of n-6 PUFA altered the production of important mediators and regulators of inflammation and immune responses towards a pro-inflammatory profile, with increased production of PGE2, LTB4, TXA2, IL-1β and IL-6[35]. In our study, n-6 PUFA had a significant positive association with IL-6. Previous studies support our results, and IL-6 may be important for the regulation of immune responses by n-6 PUFA.
In conclusion, our results demonstrated a significant positive association between IL-6 and C20:4 n-6. MMP-2 had a significant inverse association with C20:5 n-3. IFN-γ had a significant positive association with C22:5 n-3. IL-8 and MMP-9 had significant inverse associations with C22:6 n-3. MMP-7 had a significant positive association with the ratio of n-6 PUFA to n-3 PUFA (P for trend = 0.008) and a significant inverse association with the ratio of C20:4 n-6 to (n-6 PUFA + n-3 PUFA). IL-10 and IL-6 both had a significant positive association with the ratio of C20:4 n-6 to C20:5 n-3. Our data suggest that nutritional intervention may impact inflammation in colorectal cancer and that different PUFA play different roles in regulating immune responses.
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Background
Lots of previous studies have demonstrated that the n-3 polyunsaturated fatty acid (PUFA) may have potential action for inhibiting inflammation, and further to support cancer treatment. n-3 PUFA and n-6 PUFA involve multiple mechanisms, including regulation the anti-inflammation and inflammation response.Little study was performed to investigate the relationship of serum levels of PUFAs with cytokines in colorectal cancer (CRC).

Research frontiers
To investigate the relationship of serum levels of PUFA with interferon gamma (IFN-γ), interleukin-10 (IL-10), IL-6, IL-8, tumor necrosis factor-a (TNF-α), matrix metalloproteinase-2 (MMP-2), MMP-7 and MMP-9 in CRC.

Innovations and breakthrough
IL-6 showed significantly positive association with the C20:4 n-6. IFN-γ showed significant positive association with the C22:5 n-3. IL-8 and MMP-9 showed significant inverse association with the C22:6 n-3. MMP-2 showed significant inverse association with the C20:5 n-3. MMP-7 showed significantly positive association with the ratio of n-6 PUFA and n-3 PUFA. MMP-7 also showed significantly inverse association with the ratio of C20:4 n-6 and (n-6 PUFA + n-3 PUFA). IL-10 and IL-6 showed significantly positive association with the ratio of C20:4 n-6 and C20:5 n-3.

Applications
The data suggested that that nutritional intervention may be related to the inflammation of CRC, and also found that their different role in the regulation of immune response.

Terminology
n-3 PUFA and n-6 PUFA involve in regulation the anti-inflammation and inflammation response which played important role in the development of kinds of cancers.
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This study investigates the relationship between the serum levels of polyunsaturated fatty acids and cytokines in colorectal cancer patients. The study is very interesting and well-conducted.
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Table 1 Multivariate analysis of the relationship between n-6 polyunsaturated fatty acid and cytokines
	
	C18:2 n-6 (quartiles),%1
	C18:3 n-6 (quartiles),%1
	C20:3 n-6 (quartiles),%1

	Quartiles limits
	< 22.74
	22.74-24.46
	24.46-26.50
	> 26.50
	P value for trend
	< 0.21
	0.21-0.28
	0.28-0.34
	> 0.34
	P value for trend
	< 1.28
	1.28-1.59
	1.59-1.92
	> 1.92
	P value for trend

	Median
	21.55
	23.75
	25.47
	28.54
	
	0.17
	0.24
	0.31
	0.40
	
	1.05
	1.38
	1.72
	2.13
	

	IFN-γ (pg/mL)
	0.55
	0.22
	0.81
	0.33
	0.834
	0.41
	0.27
	0.40
	0.46
	0.943
	0.30
	0.46
	0.34
	0.41
	0.760

	IL-10 (pg/mL)
	2.63
	2.06
	2.70
	1.98
	0.959
	2.19
	2.27
	1.99
	2.68
	0.828
	2.04
	2.10
	2.50
	2.63
	0.552

	IL-8 (pg/mL)
	66.00
	48.43
	51.01
	30.76
	0.259
	57.55
	21.77
	45.19
	73.44
	0.436
	62.18
	34.07
	47.60
	64.69
	0.266

	TNF-α (pg/mL)
	7.36
	7.34
	9.23
	6.68
	0.443
	9.74
	6.69
	7.32
	8.30
	0.450
	7.76
	6.97
	8.29
	8.43
	0.743

	MMP-2 (ng/mL)
	12.26
	12.86
	10.89
	8.80
	0.485
	13.54
	9.68
	7.54
	12.24
	0.488
	10.79
	11.57
	12.86
	11.62
	0.863

	MMP-7 (ng/mL)
	2.96
	3.10
	2.94
	3.06
	0.735
	3.39
	2.55
	3.22
	3.00
	0.426
	3.01
	3.10
	2.62
	3.14
	0.444

	MMP-9 (ng/mL)
	12.03
	12.16
	10.75
	10.71
	0.058
	10.86
	9.89
	12.14
	12.57
	0.255
	10.61
	9.81
	14.03
	11.83
	0.187

	
	C20:4 n-6 (quartiles),%1
	C22:5 n-6 (quartiles),%1
	PUFA n-6 (quartiles),%1

	Quartiles limits
	< 6.72
	6.72-7.75
	7.75-9.01
	> 9.01
	P value for trend
	< 0.13
	0.13-0.18
	0.18-0.25
	> 0.25
	P value for trend
	< 32.52
	32.52-34.53
	34.53-36.58
	36.58
	P value for trend

	edian
	5.99
	7.29
	8.19
	9.74
	
	0.06
	0.15
	0.21
	0.31
	
	31.07
	33.65
	35.56
	37.92
	

	IFN-γ (pg/mL)
	0.41
	0.46
	0.22
	0.41
	0.298
	0.52
	0.22
	0.27
	0.41
	0.709
	0.30
	0.67
	0.41
	0.27
	0.610

	IL-10 (pg/mL)
	2.14
	2.97
	1.85
	2.63
	0.681
	2.20
	1.74
	2.68
	2.57
	0.453
	2.23
	2.77
	2.00
	2.01
	0.287

	IL-8 (pg/mL)
	41.89
	44.92
	41.14
	65.83
	0.129
	46.68
	30.06
	66.74
	62.79
	0.348
	47.90
	41.00
	78.72
	43.19
	0.983

	TNF-α (pg/mL)
	6.45
	7.78
	7.39
	9.38
	0.182
	7.32
	6.67
	8.41
	7.43
	0.457
	7.17
	6.83
	9.38
	8.61
	0.480

	MMP-2 (ng/mL)
	12.39
	11.16
	8.45
	13.54
	0.741
	9.75
	6.28
	14.83
	13.41
	0.223
	10.60
	12.19
	13.41
	8.88
	0.065

	MMP-7 (ng/mL)
	3.02
	3.04
	2.94
	3.52
	0.055
	3.10
	2.80
	2.87
	3.55
	0.981
	3.04
	2.91
	3.20
	3.03
	0.870

	MMP-9 (ng/mL)
	10.94
	10.93
	11.96
	11.81
	0.200
	10.91
	9.97
	13.00
	11.01
	0.493
	10.32
	12.40
	12.56
	10.89
	0.868


1The association of n-6 PUFA and cytokines were adjusted for potential confounding factors, including age, sex, smoke, alcohol drinking, body mass index (BMI), total cholesterol, low density lipoprotein cholesterol, high density lipoprotein cholesterol, triglycerides, total energy, protein, fat and carbohydrate intake. PUFA: Polyunsaturated fatty acids; IFN-γ: Interferon gamma; IL-10: Interleukin-10; TNF-α: Tumor necrosis factor-α; MMP-2: Matrix metalloproteinase-2.



Table 2 Multivariate analysis of the relationship between n-3 polyunsaturated fatty acid and cytokines
	
	C18：3 n-3 (quartiles),%1
	C20：5 n-3 (quartiles),%1
	
	C22：5 n-3 (quartiles),%1

	Quartiles limits
	< 0.33
	0.33-0.47
	0.47-0.61
	> 0.61
	P value for trend
	< 0.20
	0.20-0.31
	0.31-0.46
	> 0.46
	P value for trend
	Quartiles limits
	< 0.32
	0.32-0.40
	0.40-0.49
	> 0.49
	P value for trend

	Median
	0.26
	0.41
	0.53
	0.74
	
	0.15
	0.25
	0.37
	0.60
	
	Median
	0.27
	0.36
	0.44
	0.59
	

	IL-10 (pg/mL)
	2.58
	2.34
	1.93
	2.42
	0.465
	2.38
	1.96
	2.54
	2.46
	0.959
	IL-10
	2.47
	2.66
	2.06
	2.00
	0.478

	IL-6 (pg/mL)
	1.75
	1.43
	1.34
	1.90
	0.184
	1.45
	1.89
	1.74
	2.09
	0.810
	IL-6
	1.55
	1.71
	1.79
	1.94
	0.088

	TNF-α (pg/mL)
	7.35
	7.78
	8.36
	7.43
	0.644
	7.45
	8.59
	7.43
	6.92
	0.821
	TNF-α
	7.27
	8.71
	6.73
	7.43
	0.373

	MMP-7 (ng/mL)
	3.02
	2.97
	2.87
	3.27
	0.520
	2.62
	3.10
	3.10
	3.14
	0.412
	MMP-7
	2.66
	3.08
	3.00
	3.14
	0.323

	
	C22：6 n-3 (quartiles),%1
	PUFA n-31
	
	
	
	
	
	

	Quartiles limits
	< 1.56
	1.56-2.13
	2.13-2.62
	> 2.62
	P value for trend
	< 2.79
	2.79-3.30
	3.30-4.08
	> 4.08
	P value for trend
	
	
	
	
	
	

	Median
	1.31
	1.79
	2.36
	3.01
	
	2.45
	3.04
	3.73
	4.45
	
	
	
	
	
	
	

	IL-10 (pg/mL)
	2.63
	2.64
	1.93
	2.30
	0.838
	2.63
	2.25
	1.98
	2.34
	0.074
	
	
	
	
	
	

	IL-6 (pg/mL)
	1.79
	1.87
	1.43
	1.34
	0.679
	1.85
	1.51
	1.25
	1.83
	0.279
	
	
	
	
	
	

	TNF-α (pg/mL)
	7.03
	7.66
	7.07
	8.40
	0.636
	7.27
	7.08
	9.49
	7.21
	0.728
	
	
	
	
	
	

	MMP-7 (ng/mL)
	2.94
	3.13
	3.26
	2.97
	0.827
	2.92
	2.69
	3.61
	3.20
	0.160
	
	
	
	
	
	


1The association of n-6 PUFA and cytokines were adjusted for potential confounding factors, including age, sex, smoke, alcohol drinking, body mass index (BMI), total cholesterol, low density lipoprotein cholesterol, high density lipoprotein cholesterol, triglycerides, total energy, protein, fat and carbohydrate intake. PUFA: Polyunsaturated fatty acids; IFN-γ: Interferon gamma; IL-10: Interleukin-10; TNF-α: Tumor necrosis factor-α; MMP-7: Matrix metalloproteinase-7.



Table 3 Multivariate analysis of the relationship between n-6, n-3 polyunsaturated fatty acid indicators and cytokines
	
	n-6 PUFA/n-3 PUFA1
	C20:4 n-6/(C20:5 n-3 + C22:6 n-3)1

	Quartiles limits
	< 8.47
	8.47-10.25
	10.25-12.66
	> 12.66
	P value for trend
	< 2.64
	2.64-3.21
	3.21-3.94
	> 3.94
	P value for trend

	Median
	7.49
	9.41
	11.64
	14.08
	
	2.16
	2.95
	3.56
	4.79
	

	IFN-γ (pg/mL)
	0.45
	0.46
	0.30
	0.41
	0.240
	0.27
	0.55
	0.55
	0.30
	0.157

	IL-8 (pg/mL)
	23.82
	70.90
	48.43
	50.67
	0.495
	18.58
	53.84
	63.53
	60.30
	0.413

	TNF-α (pg/mL)
	7.01
	10.53
	6.62
	7.45
	0.600
	6.81
	9.20
	7.98
	7.36
	0.094

	MMP-2 (ng/mL)
	5.80
	14.95
	11.55
	11.37
	0.549
	4.12
	11.48
	14.13
	11.37
	0.980

	MMP-9 (ng/mL)
	9.88
	11.81
	11.27
	12.24
	0.734
	9.73
	10.30
	12.56
	12.26
	0.495

	
	C20:4 n-6/C20:5 n-31
	C20:4 n-6/(n-6 PUFA + n-3 PUFA)1

	Quartiles limits
	< 16.65
	16.65-25.18
	25.18-39.20
	> 39.20
	P value for trend
	< 0.18
	0.18-0.21
	0.21-0.23
	> 0.23
	P value for trend

	edian
	12.66
	19.67
	30.67
	48.51
	
	0.16
	0.20
	0.22
	0.25
	

	IFN-γ(pg/mL)
	0.29
	0.46
	0.46
	0.30
	0.906
	0.41
	0.27
	0.55
	0.46
	0.769

	IL-8 (pg/mL)
	26.78
	41.71
	80.35
	50.88
	0.978
	23.13
	43.41
	71.56
	65.01
	0.108

	TNF-α (pg/mL)
	6.63
	8.01
	8.47
	8.30
	0.334
	6.29
	8.15
	8.70
	8.40
	0.432

	MMP-2 (ng/mL)
	8.99
	10.84
	12.81
	13.77
	0.977
	9.10
	11.35
	12.24
	12.81
	0.200

	MMP-9 (ng/mL)
	9.73
	11.32
	12.59
	12.14
	0.058
	10.85
	10.52
	12.57
	11.90
	0.350


1The association of n-6 PUFA and cytokines were adjusted for potential confounding factors, including age, sex, smoke, alcohol drinking, body mass index (BMI), total cholesterol, low density lipoprotein cholesterol, high density lipoprotein cholesterol, triglycerides, total energy, protein, fat and carbohydrate intake. PUFA: Polyunsaturated fatty acids; IFN-γ: Interferon gamma; IL-8: Interleukin-8; TNF-α: Tumor necrosis factor-α; MMP-2: Matrix metalloproteinase-2.





Figure 1 Analysis of the association of n-6 polyunsaturated fatty acid with the concentration of interleukin-6 in colorectal cancer. Q means quartiles. PUFA: Polyunsaturated fatty acids; IL-6: Interleukin-8.

 
Figure 2 Analysis of the association of n-3 polyunsaturated fatty acid with the concentration of interferon gamma, interleukin-8, matrix metalloproteinase-2 and matrix metalloproteinase-9 in colorectal cancer. Q means quartiles. PUFA: Polyunsaturated fatty acids; IFN-γ: Interferon gamma; IL-8: Interleukin-8; MMP-2: Matrix metalloproteinase-2.





Figure 3 Analysis of the association of n-6 polyunsaturated fatty acids and n-3 polyunsaturated fatty acids indicators with the concentration of matrix metalloproteinase-7, interleukin-10 and interleukin-6 in colorectal cancer. Q means quartiles. PUFA: Polyunsaturated fatty acids. PUFA: Polyunsaturated fatty acids; IL-10: Interleukin-10; MMP-7: Matrix metalloproteinase-7.
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