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Abstract

:

Psoriasis is a multifactorial disease, with many genetic risk factors, one of which seems to be the angiotensin-converting enzyme (ACE) insertion/deletion (I/D) polymorphism. ACE activity has been shown to be higher in psoriatic patients and it suggests an oxidative stress state, as seen in many cardiovascular disorders. We aimed to explore the association between ACE activity and polymorphisms and cardiovascular risk amongst psoriatic patients. We included 64 psoriatic patients and 1091 controls and compared ACE I/D polymorphism genotype and serum activity for both groups. ACE genotypes were similar in psoriatic patients and controls. Notably, serum ACE activity was higher in psoriatic patients (19.09 ± 2.86 U/mL) compared to controls (11.85 ± 0.40 U/mL), p = 0.015. Non-HDL cholesterol was significantly lower in II polymorphism (p = 0.037). Psoriatic activity (PASI) was associated with a higher cardiovascular risk estimated by lower HDL concentrations (r = −0.496, p = 0.007), and higher triglyceride levels (r = 0.421, p = 0.020) and TC/HDL and LDL/HDL ratios (r = 0.612, p < 0.001 and r = 0.437, p = 0.023, respectively). Patients with psoriasis have higher ACE activity levels, independent of ACE genotype. Moreover, disease activity correlated with cardiovascular risk. This could support the eventual role of ACE as a possible biomarker for disease severity and cardiovascular risk in psoriasis patients.
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1. Introduction


Psoriasis affects approximately 2% of the population worldwide. It has a multifactorial etiology and physiopathology where immune, environmental factors and multiple genes play an interacting role [1,2].



Previous studies have shown an increment in angiotensin-converting enzyme (ACE) activity in patients with psoriasis [3] which decreases to identical levels as controls after treatment for psoriasis [4]. Because of the changes seen in ACE levels in psoriatic patients, polymorphisms in its coding gene have been studied in this population. However, studies have been conflicting, showing either no association between the ACE I/D polymorphism and the disease [5], or contradictory results regarding which genotype is associated with risk for psoriasis [6,7,8,9,10].



The ACE gene is located on chromosome 17q23 and has a polymorphism defined by the insertion (I) or deletion (D) of a 287 bp non-coding Alu repeat sequence [11]. Higher serum ACE levels were found in DD homozygotes, with this polymorphism accounting for 47% of the variability in ACE levels [12]. Serum ACE can be assessed regarding its levels as well as its activity concerning a specific substrate. Despite ACE levels and activity being strongly linked, in the presence of ACE modulators, enzyme activity may be a more relevant parameter [13,14,15,16].



Psoriatic patients may have an accompanying joint inflammatory disease (Psoriatic Arthritis) in a third of cases. In addition, they may have a higher prevalence of numerous comorbidities, being particularly relevant the higher incidence of cardiovascular diseases, which is directly related to the severity of psoriasis [17,18]. Psoriasis should therefore be perceived not only as an exclusively dermatologic condition, but also as a chronic systemic disease most frequently manifested by skin lesions [19].



The pathophysiology of psoriasis involves expansion and activation of Th1, Th17 and Th22 cells subsets, antigen presenting cells and the subsequent cytokines [20,21]. These Th1 and Th17 cascades are common to atherosclerosis. In fact, similar inflammatory cell infiltrates may be found within both psoriatic lesions and atherosclerotic plaques [22].



Triglyceride, total cholesterol (TC), and LDL-cholesterol levels were found to be higher in psoriatic patients [23,24]. Notably, this was reported even since the onset of the disease [25], giving way to the possibility that dyslipidemia may precede the onset of psoriasis. It is, however, unclear whether these lipid profile changes are simply a reflection of the increased incidence of obesity in psoriatic populations [26] and its consequent influence on lipid metabolism. Both entities, obesity and psoriasis, share common inflammatory pathways, involving, for instance, TNF and IL6 [27]. These pro-inflammatory molecules are released by adipocytes and have been shown to increase cardiovascular risk [28] and to affect free fatty acids, cholesterol, and lipid levels [29]. HDL particle characteristics may influence cardiovascular risk in psoriasis patients [30,31]. A lower HDL efflux capacity was found in psoriatic patients, which is associated with non-calcified coronary atherosclerosis, regardless of HDL levels [32].



Higher ACE levels suggest an oxidative stress state which is present in many cardiovascular disorders and is, in fact, one of the precipitating factors for atherogenesis [33,34]. Accordingly, the ACE gene DD genotype was found to be associated with an increased risk of left ventricular hypertrophy [35]. Likewise, both the DD and the ID genotypes have shown significant associations with the development of coronary artery disease [36].



Our main goal was to explore associations between ACE activity, its polymorphisms, and the presence and activity of psoriasis presence and severity. Furthermore, we aimed to assess whether ACE influences the association between psoriasis and cardiovascular disorders.




2. Materials and Methods


2.1. Studied Populations


We recruited 64 psoriatic patients attending the Dermatology department in Hospital de Santa Maria-Centro Hospitalar Universitário Lisboa Norte. 1091 non-psoriatic controls were recruited from two different clinical sites: Instituto Português do Sangue and Clínica de Endocrinologia, Diabetes e Metabolismo de Lisboa Lda, after due written consent. Patients with systemic inflammatory diseases were excluded from this arm of the study.



In both groups, demographic characteristics, TC, HDL, LDL, and triglycerides were assessed, as well as ACE activity and I/D polymorphism. In addition, in the psoriatic group, disease activity was measured using the Psoriasis Area and Severity Index (PASI).




2.2. DNA and Enzyme Activity Determination


Both populations’ blood samples were collected and stored at −20 °C for further analysis. DNA extraction, quantification and amplification were performed using a modified salting out method, the NanoDrop spectrophotometer (ND-2000, Thermo Scientific, Lisbon, Portugal), the polymerase chain reaction (PCR) with specific primers for the ACE polymorphism and the Applied Biosystems 2720 thermal cycler to amplify the DNA fragment in question.



These products were separated by electrophoresis with an agarose gel previously stained with ethidium bromide. The fragments were then observed using UV-fluorescence in a transilluminator Genosmart VWR. An analysis of the results was performed using a molecular marker containing 50 pb Invitrogen and a negative control consisting of a 10uL volume of deionized water with no DNA. The conditions in which these analyses were performed are displayed in Table 1.



The enzyme activity was determined by recording the decrease in absorbance of furylacryloyl-phenylalanyl-glycyl-glycine (FAPGG) at 346 nm for 15 min at 37 °C, since ACE also mediates this substrate’s cleavage. This method is adapted from Faure-Delanef et al. in 1998, using Lambert–Beer law [17].




2.3. Statistical Analysis


Both groups were checked for the Hardy–Weinberg equilibrium regarding genotype frequency and controls were found to be distributed according to the equilibrium (χ2 = 0.718, p = 0.698) as well as the psoriatic population (χ2 = 0.204, p = 0.903).



In order to estimate an association between psoriasis activity and cardiovascular risk, two subgroups of psoriatic patients were defined, considering that PASI ≤ 10 accounts for mild activity and PASI > 10 includes both moderate to severe disease activity [37].



All populations were tested for a normal distribution using the Kolmogorov–Smirnov test and analysed accordingly. Descriptive statistics were displayed as mean ± standard error of mean (number of cases) or number (percentage). Univariate analysis with continuous variables was performed using a t-test or Mann–Whitney U test, as appropriate. Categorical variables were analysed with a chi-square or Kruskal Wallis test. The correlation between numeric variables was assessed using Spearman or Pearson’s correlation test, as appropriate. We conducted a multivariate regression analysis to adjust for variables of interest and potential confounders, such as sex. The statistically significant difference was predetermined as p < 0.05 for all analyses. All statistical analyses were conducted using IBM SPSS Statistics 24®.





3. Results


The population of this study was comprised of 64 psoriatic patients with a mean age of 52.2 ± 12.9 years and 30% males. The control group (n = 1091) had a mean age of 54.9 ± 13.7 years and 76.7% males. Since the two groups displayed a significant difference in sex frequency, all tests comparing the two populations were either performed separately or done as a multivariate regression to adjust for this variable. Both groups were shown to have similar age distributions (t-test, p = 0.136), and no major adjustment was thus required.



Comparison of ACE genotypes showed no significant difference between patients and controls (Table 2). DD was the most common followed by ID with II being the rarer genotype. The allele frequency was also similar in both groups, with a majority presenting a D allele.



Serum ACE activity, on the other hand, was found to be significantly higher in psoriatic patients compared with control subjects (Table 3), even when adjusting for sex. ACE activity was also shown to be different for each of its genotypes (H(2) = 24.148, p < 0.001). Subjects with a DD genotype had higher serum ACE activity, an intermediate level of ACE activity was found in the ID population, and subjects with an II genotype displayed a smaller mean activity (Table 4). We thus used multivariate linear regression to adjust for ACE genotype and sex, and found that ACE activity was significantly higher in psoriatic patients, independent of both of these co-variates (B = 6.564, CI 95% 3.183–9.944, p < 0.001).



A correlation was found between ACE activity and LDL/HLD ratio (r = 0.133, p = 0.048). No other correlation between this enzyme’s activity and different cholesterol measures (data not shown) was found to be significant in our population.



Using the dichotomization between patients with PASI > 10 and PASI ≤ 10, a significant difference in lipid profile features, namely HDL cholesterol, TC/HDL ratio, and triglyceride levels was shown (Table 5, Figure 1). PASI was inversely correlated with HDL cholesterol (r = −0.496, p = 0.007) and positively correlated with LDL/HDL ratio (r = 0.437, p = 0.023) and triglyceride levels (r = 0.421, p = 0.020). PASI was also strongly correlated with TC/HDL ratio (r = 0.612, p < 0.001) (Figure 2).




4. Discussion


The present study intended to show a link between ACE I/D polymorphism, ACE activity, psoriasis and cardiovascular risk. Our results indicate that psoriatic patients have significantly higher ACE activity levels than controls, confirming the findings of previous studies [3].



We did not find an association between ACE genotype and the presence of psoriasis. This supports some of the previously published data where a lack of consistency in this association was predominant [5,6,7,8,9,10].



ACE activity was shown to be influenced by its genotype in both psoriatic and control subjects. A higher activity level was found in the DD genotype population, an intermediate level in the heterozygotes, and a lower one for the II population. This is in agreement with previous studies [12,38], despite it being known that the genotype only accounts for about half of the variability of the enzyme’s levels [12].



The lack of difference in genotype frequencies supports the idea that some kind of stimuli maintains higher ACE activity in psoriatic patients compared to controls, regardless of their genotype. It is not yet perfectly clear why ACE levels seem to be higher in psoriatic patients. There are however a few hypotheses. Boutin et al. demonstrated, using murine models, that the skin, besides playing a known important role in the adaptation to environmental changes, is, in fact, a critical mediator of systemic responses to environmental oxygen [39]. This study showed a response to hypoxia through the epidermal transcription factor HIF-1α, which induces nitric oxide (NO) release. A few other studies have confirmed an association between NO, ACE levels, and endothelial dysfunction. Angiotensin is known to cause vasodilation mediated, in part, by NO release [40]. Transposing these findings to psoriasis pathophysiology, psoriatic patients’ skin may be exposed to higher levels of hypoxia due to the cellular hyperproliferation characteristic of the disease. Hypoxia may subsequently lead to the release of NO and possibly explain, among many other factors, the observed increase in ACE activity in psoriatic patients in comparison to controls.



Using PASI as an activity index of psoriasis and comparing ACE levels in different psoriatic patients, ACE activity was numerically higher in patients with PASI > 10. It should be noted that only nine psoriatic patients had both their PASI and ACE serum activity determined, therefore limiting a potentially significant result. Further studies are necessary as ACE could be shown to be a good biomarker for disease activity and help to identify patients requiring therapeutic adjustments.



In this study, more than the average parameters within the lipid profile were measured, such as LDL/HDL ratio, TC/HDL ratio, and non-HDL cholesterol levels, given that these ratios have shown a stronger association with cardiovascular risk than regular cholesterol levels alone [41,42,43]. As such, the correlation between ACE activity and LDL/HDL ratio may be more meaningful than previously considered. However, the lack of correlations with HDL, non-HDL and TC/HDL ratio makes it less likely that a clear association can be proven between ACE activity and cardiovascular risk.



Considering that information may be lost in the dichotomization of PASI, the continuous variable was used to study the association with lipid parameters. We observed that PASI is inversely associated with HDL cholesterol and positively correlated with LDL/HDL ratio and triglyceride levels. This indicates a decrease in HDL cholesterol with a concomitant increase in LDL/HDL ratio, TC/HDL ratio, and triglycerides with psoriasis activity. The strong correlation with TC/HDL ratio is in agreement with the fact that psoriasis severity is associated with an increase in cardiovascular disease, as the TC/HDL ratio is one of the lipid indices with a higher predictive value [42,44,45].



This study has several limitations. The sample size is relatively small and it has a sex imbalance with the controls. There was an effort to adjust every test to this variable in order to decrease the possibility of biased results. In fact, there seems to be a sex influence on ACE activity with females displaying decreased ACE activity [46], however this substantiates the meaningfulness of our results as our psoriatic population consisted of around 70% females. Secondly, the recruitment of the control group from a different clinic to the psoriatic group may have been a source of bias, namely selection bias. However, both clinics have the same hospital outpatient setting and geographic location. Patients and controls were overall comparable, except for sex distribution (which was adjusted for, as mentioned), limiting any potential major bias within the analysis. Furthermore, the cardiovascular risk is also oversimplified when using only the lipid profile. It would be interesting to assess lipid function and form as psoriatic patients may have more profound disturbances in this metabolism than just merely a quantitative issue.




5. Conclusions


This study found an association between psoriasis and higher ACE activity levels, independent of its genotype. This increase in ACE activity suggests an oxidative stress state that is characteristic of cardiovascular disorders, since it is one of the precipitating factors in atherogenesis and endothelial disfunction. Moreover, disease activity correlated with cardiovascular risk. This could support the eventual role of ACE as a possible biomarker for disease activity and cardiovascular risk in psoriasis.



Psoriatic patients should be seen as a risk group for cardiovascular disorders and treated accordingly. New and better biomarkers for severity and for assessing this risk, such as ACE, are worthy of pursuit.
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Figure 1. On the left, HDL concentrations in mild (54.26 ± 14.72) vs moderate to severe psoriasis (41.67 ± 11.04); on the right, triglyceride levels in mild psoriasis (113.38 ± 66.66) compared to moderate to severe disease (163.56 ± 44.95). 






Figure 1. On the left, HDL concentrations in mild (54.26 ± 14.72) vs moderate to severe psoriasis (41.67 ± 11.04); on the right, triglyceride levels in mild psoriasis (113.38 ± 66.66) compared to moderate to severe disease (163.56 ± 44.95).



[image: Rheumato 02 00003 g001]







[image: Rheumato 02 00003 g002 550] 





Figure 2. Graph showing association between total cholesterol/HDL ratio and psoriasis severity (estimated by PASI); Pearson’s correlation used; significance level defined at p ≤ 0.05. 
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Table 1. Conditions of the DNA amplification and electrophoresis used to determine the genotype for the ACE I/D polymorphism.
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	PCR Conditions
	PCR Components
	Gel Conditions
	Genotypes





	ACE I/D

Polymorphism
	35 cycles

Denaturation: 45 s at 94 °C

Annealing: 45 s at 58 °C

Extension: 45 s at 72 °C

Final extension: 32 s at 72 °C
	DNA: 10 uL (200 mg)

Primer F: 1 uL, 10 pmol

Primer R: 1 uL, 10 pmol

Master Mix: 12.5 uL

Dimethyl sulfoxide: 1.25 uL
	2%

110 volts

60 min
	II–477 pb

ID–477 + 190 pb

DD–190 pb
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Table 2. Frequencies of ACE polymorphism and alleles: % (number of cases).
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Psoriatic Patients

	
Controls






	
ACE I/D polymorphism

p = 0.777

	
II

	
11.5 (7)

	
13.3 (59)




	
ID

	
41.0 (25)

	
43.8 (194)




	
DD

	
47.5 (29)

	
42.9 (190)




	
ACE allele

p = 0.480

	
I

	
32.0 (39)

	
35.2 (312)




	
D

	
68.0 (83)

	
64.8 (574)








p-values from chi-square test; significance level defined as p ≤ 0.05.
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Table 3. ACE activity: mean ± standard error of mean (number of cases).
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Psoriatic Patients

	
Controls

	
Univariate (p-Value)

	
Multivariate *






	
ACE activity

	
Total

	
19.09 ± 2.86 (20)

	
11.85 ± 0.40 (276)

	
p = 0.015

	
B = 6.618, CI 95% 3.176–10.060,

p < 0.001




	
Female

	
17.38 ± 3.13 (6)

	
11.62 ± 0.44 (220)

	
p = 0.037




	
Male

	
19.83 ± 3.92 (14)

	
12.76 ± 0.93 (56)

	
p = 0.063








p-values from t-test or Mann–Whitney test according to the distribution of the samples; significance level defined as p ≤ 0.05; * adjusted for sex with a multivariate linear regression.
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Table 4. ACE activity for each ACE genotype: mean ± standard error of mean (number of cases).
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ACE Activity

	






	
ACE I/D polymorphism

	
II

	
7.75 ± 0.67 (24)

	
p < 0.001




	
ID

	
11.27 ± 0.56 (101)




	
DD

	
14.57 ± 0.90 (93)




	
Post-hoc tests

	
II–ID

	
p = 0.003




	
II–DD

	
p < 0.001




	
ID–DD

	
p = 0.005








p-value calculated with a Kruskal–Wallis’ test; significance level defined at p ≤ 0.05; pairwise comparison post-hoc tests displayed.
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Table 5. Means for the different parameters of the lipid profile and ACE activity between patients with different psoriasis severity: mean ± standard error of mean (number of cases).






Table 5. Means for the different parameters of the lipid profile and ACE activity between patients with different psoriasis severity: mean ± standard error of mean (number of cases).












	
	PASI ≤ 10
	PASI > 10
	Univariate (p-Value)
	Multivariate * (p-Value)





	Total cholesterol
	196.60 ± 46.20 (20)
	196 ± 38.42 (9)
	p = 0.814
	p = 0.447



	HDL cholesterol
	54.26 ± 14.72 (19)
	41.67 ± 11.04 (9)
	p = 0.028
	B = −12.596, CI 95%

−23.987–−1.206, p = 0.032



	TC/HDL ratio
	3.76 ± 0.89 (19)
	4.88 ± 1.02 (9)
	p = 0.012
	B = 0.792, CI 95%

0.025–1.560, p = 0.044



	Non-HDL cholesterol
	143.74 ± 39.51 (19)
	154.78 ± 32.57 (9)
	p = 0.279
	p = 0.257



	LDL cholesterol
	121.42 ± 37.41 (19)
	121.13 ± 36.60 (8)
	p = 0.811
	p = 0.547



	LDL/HDL ratio
	2.31 ± 0.69 (19)
	3.01 ± 0.89 (8)
	p = 0.035
	p = 0.059



	Triglycerides
	113.38 ± 66.66 (21)
	163.56 ± 44.95 (9)
	p = 0.021
	B = 50.175, CI 95%

0.187–100.162, p = 0.049



	ACE activity
	10.24 ± 8.22 (5)
	17.20 ± 11.03 (4)
	p = 0.327
	p = 0.436







p-values were calculated with t-test or Mann–Whitney test according to the distribution of the samples; significance level defined at p ≤ 0.05; *adjusted for sex and age, through multivariate linear regression.
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