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Abstract

:

Huntington’s disease (HD) is an autosomal dominant genetic disease that can be divided into preclinical and symptomatic stages. Due to the diverse HD phenotype, there is an urgent need to identify markers that would independently assess its severity. The aim of this study was to evaluate the use of plasma levels of TGF-β1 in the assessment of HD severity. One hundred HD patients and 40 healthy volunteers were included in the study. All HD patients underwent neurological and cognitive function assessment. TGF-β1 levels were determined in the plasma of all patients. The correlations between TGF-β1 levels and clinical profile and HD severity were also investigated. In symptomatic patients, cognitive decline was demonstrated, while in preclinical patients, no symptoms were found. Plasma levels of TGF-β1 in HD patients did not differ significantly from the control group and did not change with the progression of the disease. In addition, TGF-β1 levels also did not correlate with the severity of motor dysfunction. Positive correlations between plasma TGF-β1 concentration and intensity of cognitive impairment were found, but only in the early disease stage. There was no clear benefit in assessing plasma TGF-β1 levels in HD patients as a marker of disease severity.
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1. Introduction


Huntington’s disease (HD) is a genetically determined, autosomal dominant neurodegenerative disease. Incidence of HD worldwide is 2.71 per 100,000 people, ranging from 0.4 per 100,000 in Asian populations to 5.7 per 100,000 in North America, Europe and Australia [1]. Lower incidence has been noticed in the Far East countries, i.e., Japan, Taiwan and Hong Kong, with an average incidence of 1–7 patients per million population [1,2].



Primary regions of neurodegeneration in HD patients are the caudate and putamen. The key damage is the extensive and selective atrophy of the striatal GABAergic spinal neurons that regulate the activity of the substantia nigra and globus pallidus [3]. In neuroimaging studies, early involvement of the motor cortex and the occipital lobe was also reported, suggesting widespread brain pathology in HD. In MRI studies of HD patients, decreased striatal volume and white matter changes have been reported even in the preclinical phase of HD [3,4,5].



Motor symptoms of HD include involuntary movements, such as chorea (most common), dystonia, parkinsonism or cerebellar disorders [6,7]. In the initial phase of HD motor manifestation, chorea movements are usually focal, and less often segmental. In the fully symptomatic period, a hypotonic-hyperkinetic picture dominates, which progresses into stiffness with akinesia in later stages of the disease. Diagnosis of HD is based on the clinical picture, supported by a positive family history of chorea and a genetic test that determines the number of CAG repeats. However, it should be remembered that the most common cause of chorea are disturbances during neuroleptic and dopaminergic treatment, and not HD [3].



Assessing severity of the disease and response to treatment using simple and non-invasive methods remains a challenge for researchers studying HD [8,9]. Since the clinical picture of the disease can be very diverse and difficult to determine only by clinical methods, other diagnostic tools such as biomarkers are being explored. One that could be used as a marker on a daily basis to assess disease progression is transforming growth factor β (TGF-β).



About 40 proteins belong to the TGF-β family, including three isoforms of TGF-β [10,11]. TGF-β1 is a cytokine found in the central nervous system, as well as in peripheral tissues. Physiologically, its activity is modulated by age, exercise and disease states. Disturbances in the TGF-β1 level have been noticed in other diseases, such as systemic lupus, scleroderma, bronchial asthma, atherosclerosis, and liver and kidney diseases. In neurology, these disturbances have been studied, among others, in neurodegenerative diseases such as HD, Alzheimer’s disease (AD) or Parkinson’s disease (PD) [10,11,12,13]. Disturbances in the TGF-β1 pathway have been reported in AD associated with extracellular accumulation of fibrillar amyloid β and intracellular deposition of the tau protein. Baseline plasma levels of TGF-β1 in HD patients are lower compared to healthy people. As symptoms develop, plasma concentration of TGF-β1 increases [14,15]. In a study by Chang et al. correlations between plasma TGF-β1 levels and disease duration, age of symptom onset, the number of CAG repeats and the Unified Huntington’s Disease Rating Scale (UHDRS) were also evaluated, however they proved statistically insignificant [16].



The aim of this study was to evaluate the usefulness of plasma levels of TGF-β1 in the assessment of HD severity.




2. Materials and Methods


A total of 140 individuals were enrolled in the study, including 100 patients with diagnosed and genetically confirmed HD, treated at the Department of Neurology and Clinic for Neurology of the University Clinical Center of the Medical University of Silesia in Katowice, and 40 healthy volunteers matched for age and sex, with normal neurological examination and no family history of HD or other neurodegenerative disease. Objectives of the study were presented to both groups and written consent was obtained from all study participants. Summary of study group characteristics are presented in Table 1.



2.1. Classification and Neurological Examination in HD Patients


In all patients with diagnosed and genetically confirmed HD, neurological examination was performed with the assessment of motor disorders according to the Unified Huntington’s Disease Rating Scale (UHDRS). The following parameters were assessed: pursuit and rapid eye movements (for the left and right eyes respectively), speech disorders, dystonia and chorea divided into the torso, face and limbs, bradykinesia (slowness of movement) and impaired postural reflexes (retropulsion). For each domain, from 0 to 4 points were given (0—no deviations from normal state in the examined parameter, 4—severe disorder). A maximum of 124 points could be obtained in the motor part, and symptomatic phase of HD was diagnosed in those who scored six points or more.



The patients were divided into five groups based on the total score obtained on the motor domain of UHDRS:




	
Preclinical stage—0 points



	
Very early disease stage 1–13 points



	
Early disease stage 14–37 points



	
Intermediate disease stage 38–67 points



	
Advanced disease stage >67 points








In addition, severity of the disease was determined through functional assessment of independence in social and life functions, evaluated on a scale ranging from 10% (a patient requiring help from other people in all life activities) to 100% (an independent patient in domestic and social activities).




2.2. Assessment of Cognitive Functions and Mood Disorders in HD Patients


The following tools were used to assess cognitive functions in HD patients:



Screening tests:




	
Mini-Mental State Examination (MMSE)



	
Montreal Cognitive Assessment (MoCA)



	
Clock Drawing Test (CDT)








Detailed tests:




	
Symbol Digital Modality Test (SDMT), assessing visual-spatial attention based on matching digits to a sequence of symbols in 90 s as in a formula consisting of 9 characters combined with digits



	
Verbal fluency tests determining verbal fluency (VF) and phonemic fluency (Total Fluency, TF)



	
Trail Making Test (TMT) part one (connecting points numbered from 1 to 25 in sequential order) and two (connecting points in order while alternating between numbers and letters, i.e., 1-A-2-B-3-C-etc.)



	
Stroop test (ST) parts one, two and three. In the first part, a sheet of paper is given to the examined person, which contains squares filled with colored ink. The task is to recognize as many consecutive colors as possible within 45 s. In the second part, the examined person receives a sheet with one hundred words, divided into ten lines with the names of the colors—the task is to read as many words as possible within 45 s. In the last part of the test, there are words that represent colors written in a different ink color than the word they actually mean—the task is to recognize the ink color with which the word is written.









2.3. Biochemical Assessment


Plasma levels of TGF-β1 were determined using professional ELISA kits, according to the manufacturer’s protocol (Diaclone SAS, Besancon Cedex, France; cat. no. 650.010.096).




2.4. Statistical Analysis


Statistical analysis was performed using Statistica by StatSoft, version 13.1. The Kolmogorov–Smirnov test was used to determine the data distribution of the studied groups. In case of normal data distribution and homogeneity of variance, Student’s t-test (for two groups) and ANOVA, and, if necessary, post-hoc comparisons with NIR test (for three groups), were performed. In case of deviations from normal distribution, the Mann–Whitney U test or Kruskal–Wallis test with Dunn’s post-hoc analysis were used for two and three groups, respectively. Correlation strength was evaluated with Pearson’s test for normal distribution and Spearman’s test otherwise. Correlations with p-value less than or equal to 0.05 were considered statistically significant.





3. Results


3.1. Basic Results of the Patients


The following subgroups were distinguished among the study group based on the UHDRS: preclinical stage, 12 patients; very early disease stage, 12 patients; early disease stage, 23 patients; intermediate disease stage, 33 patients; and advanced disease stage, 20 patients.



The average number of repeats of the larger allele was 44, while the average score obtained on the UHDRS motor scale was 40.39. The mean disease duration was 9.53 years. Collective results of the study group are presented in Table 1.




3.2. Neurological Examination of HD Patients


The results analysis of movement disorders assessed by motor UHDRS showed an increase in neurological deficit along with the severity of HD. In patients in the very early disease stage, no significant oromandibular movement disorders were found. Most patients at this stage did not experience significant chorea of the body (with the exception of chorea of the face, mainly squeezing the eyelids and raising the eyebrows, and of the upper limbs, mainly distal parts), gait disturbances or postural reflexes. In most patients, no increase in muscle tone, and no significant slowing down of movement or dystonia (typical of higher stages of HD) was noted.



In patients in the early disease stage, intensification of eye movement disorders was observed. In this group of patients, within the movement disorders, chorea (mainly of the limbs) predominated over dystonia. Similarly, greater deficits were found in tandem walking than in normal walking, and impaired alternating movements and the efficiency of the Luria’s test were also evident.



In the intermediate group, there was a further deterioration in eye movements, still more evident in saccadic movements than in pursuit movements. In addition, disturbances in tongue protrusion or alternating movements of the upper limbs were intensified. Dystonic disorders and increased chorea movements, and hence gait disturbances and postural reflexes, were evident.



In patients with advanced disease, increased eye movement disorders were observed. In addition, further impairment of alternating movements was observed, as well as an increase in dystonic and choreic disorders and muscle tone. Gait, tandem gait and postural reflexes were significantly impaired. Table 2 presents the results of neurological assessment according to the motor UHDRS. Results of patients from the preclinical group were not presented as there were no abnormalities in the neurological examination in this group.




3.3. Assessment of Cognitive Functions in HD Patients


In the average assessment of all the patients, they scored 23.75 ± 5.92 points on the MMSE scale, i.e., the result on the borderline of mild cognitive impairment (MCI) and mild dementia. In preclinical patients, no significant abnormalities in the MMSE test were found. Only in the intermediate group, the deterioration of cognitive functions, suggesting MCI, was noted. In the case of the MoCA assessment, the disorders were already visible in the very early stage of HD. CDT results showed no deviations in the initial stages of the disease. The result suggesting incorrect execution of the CDT was noticed only in the intermediate group. Assuming a correct SDMT result of a minimum of 47, the mean score of all HD patients was more than 50% lower. When analyzing individual stages of the disease, no disturbances in SDMT were found in patients in the preclinical stage. In patients in the very early disease stage, the mean score was lower than the expected norm.



In subsequent stages of the disease, the number of correct answers decreased twofold, whereas during the transition from intermediate to advanced stage, an even greater severity of the deficit was observed. The fewest errors were made by patients in the advanced disease stage, which results from a much smaller number of all matches in this group of patients, i.e., the average number of correct matches was less than 2 points, and incorrect matches was 0.15. For comparison, in the very early disease stage, on average about 44 correct matches were given, with the number of incorrect matches being 0.9. Patients in the advanced stage showed less global matches (extended latency of the task execution), and thus had fewer opportunities for error—this phenomenon was also visible in further tests. Additionally, attention distraction was frequently observed in patients in the initial symptomatic stage of HD.



Analysis of Stroop test results revealed that there was no significant increase in the number of incorrect answers between different disease stages; however, there was a reduction in the number of correct answers. In the Stroop color naming test, the average score for the number of correct responses in all patients was approximately half of that in preclinical patients. In the group of preclinical patients, no incorrect responses were found. During the transition of patients to the advanced disease stage, a large reduction in the number of correct responses was noted.



In the Stroop word test, results were similar to the color test, however, patients scored more points, which is consistent with the general rule of the test—reading words is easier than recognizing colors. Errors in the word test were not reported until the early stage of HD. The least correct answers were recorded in the third part of the Stroop test—interference, which is also consistent with the test assumptions. Again, a large reduction in correct responses was observed during the transition from the intermediate to advanced stage, and incorrect responses were already noted in the early stage of the disease. Results of these tests are summarized in Table 3.




3.4. Plasma Levels of TGF-β1 in HD Patients vs. Control Group


3.4.1. Basic Results


Plasma levels of TGF-β1 in patients were not dependent on age, sex, number of CAG repeats of the large allele, age of symptom onset, or HD stage (p = n.s.) (Table 4, Figure 1 and Figure 2). Among healthy volunteers, there was no statistically significant relationship between plasma levels of TGF-β1 and age or gender. Highest levels of this cytokine were recorded in the preclinical and advanced groups. Lowest TGF-β1 levels were noted in patients in the early disease stage. In preclinical and very early disease groups, the range of TGF-β1 level was much wider than that of the other groups of patients.




3.4.2. Correlations between Plasma Levels of TGF-β1 and the Results of Neurological Examination and Cognitive Function Tests


Correlations between TGF-β1 levels and performed tests were not analyzed in the group of preclinical patients (motor UHDRS = 0). The greatest number of correlations was recorded in the advanced and early stages of HD. Correlations between plasma levels of TGF-β1 and each parameter of the motor UHDRS as well as cognitive tests are summarized in Table 5, Table 6 and Table 7. Only statistically significant correlations are presented below. In early HD, higher levels of TGF-β1 correlated with greater intensity of some motor symptoms (e.g., tapping), while in advanced HD the opposite relationship was observed (higher levels of TGF-β1 correlated with lower intensity of some motor symptoms, e.g., dystonia and tapping). In patients with early disease, plasma levels of TGF-β1 correlated positively with the severity of abnormalities in the pronation/supination test (p = 0.02, R = 0.46; Table 5) and slowing down of the upper limb (p = 0.01, R = 0.48), i.e., higher levels were observed in patients with more severe motor symptoms.



In the intermediate group, higher plasma levels of TGF-β1 were observed in patients with more severe lower limb dystonia (p = 0.03, R = 0.36). Similarly, positive correlation was found between plasma levels of TGF-β1 and the intensity of tongue protrusion disorders (p = 0.01, R = 0.53) in the advanced HD stage. However, other motor symptoms in the advanced stage showed negative correlations with plasma levels of TGF-β1, and higher levels were associated with lower tapping intensity of both upper limbs (p = 0.03, R = −0.47) and less severe dystonia of the trunk (p = 0.04, R = 0.45) and lower limb (p = 0.04, R = 0.44).



In the analysis of the relationship between plasma levels of TGF-β1 and elements of neuropsychological assessment, increased levels of TGF-β1 in the early stage of HD positively correlated with the results of MMSE (p = 0.03, R = 0.52) and CDT (p = 0.01, R = 0.56). Correlations were also observed between levels of TGF-β1 and independence scale (p < 0.01, R = 0.45) and the Beck scale (p = 0.01, R = −0.66) in the intermediate and advanced stages, respectively (Table 6).



In the analysis of the association between plasma levels of TGF-β1 and cognitive functions, the former correlated negatively with the number of correct answers in the Stroop word reading test and positively with the number of errors in the trail making test in patients in the early disease stage (Table 7). High levels of TGF-β1 in the early disease stage were more common in patients who were less likely to give correct answers in the Stroop word reading test (p = 0.04, R = −0.43) and were more likely to make mistakes in the trail making test (p = 0.04, R = 0.42). In the advanced stage, higher plasma levels of TGF-β1 occurred in patients who were less likely to self-correct wrong responses in the Stroop test (p = 0.04, R = −0.46).



The only correlations indicating the neuroprotective effect of high TGF-β1 concentration were found in verbal fluency tests. Increased plasma levels of TGF-β1 inversely correlated with the number of incorrect repetitions in the verbal fluency test, both in the early disease stage (p = 0.04, R = −0.43) and in the advanced stage (p = 0.01, R = −0.57). In the intermediate group, the above correlation was positive (p = 0.02, R = 0.39). Higher levels of TGF-β1 were more common in people who less frequently revealed perseveration, i.e., pathological repetitions indicating a worse cognitive state of the patient.




3.4.3. Results Summary


In patients in the initial clinical stage of HD, movement disorders (chorea), mainly of the face and distal parts of the limbs, were the first to be reported. Eye movement (predominantly saccadic) and tandem gait disorders were already visible in the initial stage of the symptomatic phase of the disease. In the advanced phase of HD, slowness, dystonic disorders, and gait impairment predominate.



In the screening of cognitive functions in the early stage of HD, patients obtained worse MoCA scores than MMSE, demonstrating the greater usefulness of the Montreal scale in assessing early cognitive impairment in HD. The clock drawing test showed no deviations in the initial stages of the disease. In a detailed assessment of cognitive functions (SDMT, VF, TF, TMT, Stroop tests), the first deviations were noted in the very early or early stage of HD, but without significant disturbances in the preclinical stage.



The study showed no statistically significant differences in plasma levels of TGF-β1 between HD patients and the control group, or between individual stages of HD. In addition, no significant correlations have been found between levels of TGF-β1 and the severity of symptoms assessed according to the motor UHDRS. Only correlations between plasma levels of TGF-β1 and individual motor symptoms at different stages of HD were revealed. Similarly, correlations occurred between TGF-β1 level and the assessment of cognitive functions in screening and detailed tests.



In HD patients, coexistence of higher plasma levels of TGF-β1 with better neurological and cognitive performance in the early stages of the disease was reported. This may suggest a degree of neuroprotective effect of TGF-β1, which is exhausted in the later stages of the disease.






4. Discussion


Transforming growth factor β is a pleiotropic cytokine that exhibits a very wide range of functions in both physiological and pathological processes. It participates in the regulation of proliferation, apoptosis, and differentiation, as well as adhesion, which is possible due to canonical signaling with SMAD proteins and non-canonical signaling via phosphoinositide 3-kinase (PI3K), protein kinase B (PKB) and mitogen-activated protein kinases (MAPKs) [17]. Many studies currently focus on the participation of TGF-β1 in the development of cancer [18], however, an important aspect is also the possible neuroprotective effect of this cytokine [19]. The determination of TGF-β1 level change may be useful in assessing HD severity and will help to better understand the mechanisms involved in the development of HD.



In this study, we analyzed plasma levels of TGF-β1 in patients with diagnosed and genetically confirmed HD. The obtained results were analyzed against the neurological assessment on the motor UHDRS and its other subscales, as well as selected elements of the neuropsychological assessment—cognitive functions. There were no statistically significant differences in plasma levels of TGF-β1 between HD patients and the control group, or between individual stages of the disease, which is not surprising as similar results were also obtained in other laboratories [8,9,14,15,16,20,21,22,23].



In the study by Chang et al., transition into the clinical phase of HD was associated with an increase in plasma levels of TGF-β1, and its global level in HD patients was higher compared to control group. Similarly, levels of TGF-β1 in the preclinical stage were also higher than in the non-HD individuals. The study, however, does not analyze the distribution of plasma levels of TGF-β1 across different disease stages in symptomatic patients. Plasma levels of TGF-β1 also did not correlate with the duration of the disease, age of the symptom onset and the UHDRS scales [16].



On the other hand, in the study by Battaglia et al., serum levels of TGF-β1 in HD patients were lower than in the control group, similar to our study. Battaglia et al. reported the lowest levels of TGF-β1 in preclinical patients, while an increase was noted during transition to the symptomatic phase, which is contrary to our results. In the same study, levels of TGF-β1 in fully symptomatic patients were comparable to the control group. TGF-β1 level in the preclinical stage was significantly different compared to the other advancement groups [14]. This has not been demonstrated in our study, where no statistically significant differences were found between any disease stage and the control group.



In our study, the relationship between plasma levels of TGF-β1 and the neurological assessment and cognitive functions was assessed. The obtained data did not show any correlations between the TGF-β1 level and the number of CAG repeats, disease duration and the age of symptom onset in all patients or at different stages of HD. In the case of motor disorders, the highest number of correlations was noted in the group of advanced patients. A correlation between higher TGF-β1 level and greater intensity of tongue protrusion disorders was observed. However, increased levels of TGF-β1 in advanced patients were associated with lower severity of dystonic disorders of the trunk and lower limb, as well as a higher tapping speed of the fingers of the upper limbs. In the group of early HD stage, an inverse correlation was observed. Greater intensity of tapping disorders and upper limb pronation/supination test scores were associated with higher plasma levels of TGF-β1, i.e., higher concentrations coexisted with more severe motor symptoms. Similarly, in the intermediate group, high levels of TGF-β1 were associated with greater severity of lower limb dystonia. This may suggest that TGF-β1 concentration depends on the disease stage. In the preclinical and very early stages, TGF-β1 level is high (similar to the control group) and then gradually decreases with the severity of symptoms; hence the hypothesis that in the first stages of HD (preclinical and very early), TGF-β1 has a neuroprotective effect that gradually diminishes in the symptomatic stages of the disease as plasma levels of TGF-β1 decrease. The loss of neuroprotective properties may be related to the lowest concentration of TGF-β1 in these stages, as well as probable independent loss of the neuroprotective functions of this cytokine.



It is worth emphasizing that ours is one of the few studies assessing correlations between plasma levels of TGF-β1 and each element of the neurological test in the motor UHDRS. Despite showing a small number of these correlations, described abnormalities may be important for monitoring the entire course of the disease. Tapping, dystonic and tongue protrusion disorders in HD patients have been studied before. In a study by Reilman et al. from 2010, the strength and duration of tongue protrusion in HD patients was instrumentally evaluated, demonstrating the diagnostic value of the assessment in fully symptomatic (classification of the severity of movement disorders) and preclinical (verification of carrier status in people at risk of HD) patients [24]. A similar diagnostic value was demonstrated for rapid alternating movements of the upper limbs. A study by Bechtel et al. described a relationship between severity of tapping disorders and bilateral atrophy of the caudate nucleus and putamen within the gray matter, a reduction in the volume of the internal and external capsule, as well as atrophy of the superior frontal and parietal postcentral gyrus, visualized in imaging studies in HD patients [25]. In turn, dystonic disorders are the second most common (after chorea) motor disorder in HD, which also require an independent monitoring tool. In our study, we showed a relationship between plasma levels of TGF-β1 and described movement disorders, which may be helpful in the search for a marker of movement disorder severity. It may be also used as a tool for monitoring the response to the proposed treatment of symptoms, and possibly for determining the causes in the future [26]. However, the factor limiting use of this cytokine is certainly the lack of a statistically significant correlation in other disease stages.



Progressive neurodegeneration in the brain of preclinical patients leads to a decrease in TGF-β1 levels. This is accompanied by the exhaustion of compensatory possibilities and transition to the symptomatic stage of the disease, which may be related to the blocking of TGF-β1 expression in the CNS [10]. Correlations between plasma levels of TGF-β1 and the results of cognitive function tests reported in our study may suggest its protective effect in the early stages of the disease, where an increase in this cytokine would correspond with better performance. However, in the advanced disease stage, this protection may be destabilized, which would be indicated by negative correlations between the plasma level of TGF-β1 and parameters assessing cognitive functions. During this period of the disease, levels of TGF-β1 were higher in patients with lower MMSE scores. This may be related to the unblocking of the production or secretion of TGF-β1 when neurons are already affected by progressive damage. Due to the extent of neurodegeneration, it is not possible to compensate for this process by the action of TGF-β1 [10].



The neuroprotective effect in HD was also demonstrated in a study by Naphade et al. One of the causes of CNS pathology is the neurotoxicity of breakdown products of mutant huntingtin, mainly in the striatum and cerebral cortex. Matrix metalloproteinases (MMPs) are responsible for the degradation of huntingtin. Their activity in HD is disrupted, mainly through level changes in tissue MMP inhibitors (TIMPs). It was shown that exogenous TGF-β1 caused an increase in TIMPs, which may explain the neuroprotective effect of higher concentrations of TGF-β1 in CNS [27]. On the other hand, Wachs et al. showed that increased levels of TGF-β1 in the brain of HD animal models suppressed proliferation of progenitor cells, thus enhancing the process of neurodegeneration and inhibiting the repair capacity of the brain. In the preclinical stage of the disease, this is compensated by the increased proliferation of neuroblasts [28]. This thesis would be consistent with the results obtained in our study, where in preclinical patients the levels of TGF-β1 were higher compared to patients in the early disease stage, and the levels gradually increased with the clinical symptoms of HD. This may be at least partially related to increased TGF-β1 signaling within progenitor cells [29].



A limitation in our study may be the effect of drugs or inflammation on the plasma levels of cytokines. In the assessment of biochemical parameters, including growth factors, it is important to analyze the medications taken by patients due to the possible iatrogenic effect on the level of the assessed factors. To date, there is no causal treatment for HD; only symptomatic treatment is available. The most commonly used drugs include tiapride, tetrabenazine and neuroleptics—mainly of the new generation, and a representative of classic neuroleptics—haloperidol. However, the study by Tourjman et al. analyzed the effect of dopamine antagonists on the level of biochemical parameters in schizophrenia and no effect of antidopaminergic agents on the levels of TGF-β1 in the blood plasma was noted [30]. However, it is uncertain whether a similar relationship with the lack of anti-dopaminergic drug effects exists in HD. Another important factor that could modify the level of blood cytokines are pro-inflammatory states, such as infection or autoimmune diseases. By specifying the inclusion and exclusion criteria for the study, attempts were made to minimize the impact of other disease processes on the cytokine level result; however, some patients may not admit or know about the ongoing inflammatory process.




5. Conclusions


Plasma levels of TGF-β1 in HD patients did not differ significantly from the control group and did not change significantly with the progression of the disease. This was not consistent with findings presented by other authors who demonstrated a decrease in TGF-β1 concentration in HD patients.



Plasma levels of TGF-β1 in HD patients did not correlate with the severity of motor dysfunction evaluated using the motor part of UHDRS. Positive correlation between plasma TGF-β1 concentration and intensity of cognitive impairment was found on MMSE and CDT, but this was only observed in the early disease stage.







Author Contributions


Conceptualization, K.P. and M.R.-B.; Data curation, A.P. and M.R.; Formal analysis, M.W.-P.; Investigation, K.P., A.P. and M.W.-P.; Project administration, K.P., N.Z. and M.R.-B.; Resources, A.P., M.W.-P. and M.R.; Supervision, M.R.-B.; Visualization, K.P. and M.R.-B.; Writing—original draft, N.Z.; Writing—review & editing, A.P. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Ethics Committee of The Medical University of Silesia; protocol code KNW/0022/KB1/17/I/16; date of approval: 5 July 2016.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data is contained within the article.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Pringsheim, T.; Wiltshire, K.; Day, L.; Dykeman, J.; Steeves, T.; Jette, N. The incidence and prevalence of Huntington’s disease: A systematic review and meta-analysis. Mov. Disord. 2012, 27, 1083–1091. [Google Scholar] [CrossRef] [PubMed]

	



Warby, S.C.; Montpetit, A.; Hayden, A.R.; Carroll, J.B.; Butland, S.L.; Visscher, H.; Collins, J.A.; Semaka, A.; Hudson, T.J.; Hayden, M.R. CAG expansion in the Huntington disease gene is associated with a specific and targetable predisposing haplogroup. Am. J. Hum. Genet. 2009, 84, 351–366. [Google Scholar] [CrossRef]

	



Wolters, E.C.; van Laar, T.; Berendse, H.W. Parkinsonism and Related Disorders, 2nd ed.; VU University Press: Amsterdam, The Netherland, 2008. [Google Scholar]

	



McColgan, P.; Tabrizi, S.J. Huntington’s disease: A clinical review. Eur. J. Neurol. 2018, 25, 24–34. [Google Scholar] [CrossRef]

	



Ross, C.A.; Shoulson, I. Huntington disease: Pathogenesis, biomarkers, and approaches to experimental therapeutics. Parkinsonism Relat. Disord. 2009, 15, S135–S138. [Google Scholar] [CrossRef]

	



Jimenez-Sanchez, M.; Licitra, F.; Underwood, B.R.; Rubinsztein, D.C. Huntington’s Disease: Mechanisms of Pathogenesis and Therapeutic Strategies. Cold Spring Harb. Perspect. Med. 2017, 7, a024240. [Google Scholar] [CrossRef]

	



Mestre, T.A.; Sampaio, C. Huntington Disease: Linking Pathogenesis to the Development of Experimental Therapeutics. Curr. Neurol. Neurosci. Rep. 2017, 17, 18. [Google Scholar] [CrossRef]

	



Kashima, R.; Hata, A. The role of TGF-β superfamily signaling in neurological disorders. Acta Biochim. Biophys. Sin (Shanghai) 2018, 50, 106–120. [Google Scholar] [CrossRef] [PubMed]

	



Ring, K.L.; An, M.C.; Zhang, N.; O’Brien, R.N.; Ramos, E.M.; Gao, F.; Atwood, R.; Bailus, B.J.; Melov, S.; Mooney, S.D.; et al. Genomic Analysis Reveals Disruption of Striatal Neuronal Development and Therapeutic Targets in Human Huntington’s Disease Neural Stem Cells. Stem Cell Rep. 2015, 5, 1023–1038. [Google Scholar] [CrossRef]

	



Flanders, K.C.; Ren, R.F.; Lippa, C.F. Transforming growth factor-betas in neurodegenerative disease. Prog. Neurobiol. 1998, 54, 71–85. [Google Scholar] [CrossRef]

	



Dennler, S.; Goumans, M.J.; ten Dijke, P. Transforming growth factor beta signal transduction. J. Leukoc. Biol. 2002, 71, 731–740. [Google Scholar]

	



Annes, J.P.; Munger, J.S.; Rifkin, D.B. Making sense of latent TGFbeta activation. J. Cell Sci. 2003, 116, 217–224. [Google Scholar] [CrossRef]

	



Clark, D.A.; Coker, R. Transforming growth factor-beta (TGF-beta). Int. J. Biochem. Cell Biol. 1998, 30, 293–298. [Google Scholar] [CrossRef]

	



Battaglia, G.; Cannella, M.; Riozzi, B.; Orobello, S.; Maat-Schieman, M.L.; Aronica, E.; Busceti, C.L.; Ciarmiello, A.; Alberti, S.; Amico, E.; et al. Early defect of transforming growth factor β1 formation in Huntington’s disease. J. Cell Mol. Med. 2011, 15, 555–571. [Google Scholar] [CrossRef] [PubMed]

	



Scarpa, J.R.; Jiang, P.; Losic, B.; Readhead, B.; Gao, V.D.; Dudley, J.T.; Vitaterna, M.H.; Turek, F.W.; Kasarskis, A. Systems Genetic Analyses Highlight a TGFβ-FOXO3 Dependent Striatal Astrocyte Network Conserved across Species and Associated with Stress, Sleep, and Huntington’s Disease. PLoS Genet. 2016, 12, e1006137. [Google Scholar] [CrossRef] [PubMed]

	



Chang, K.H.; Wu, Y.R.; Chen, Y.C.; Chen, C.M. Plasma inflammatory biomarkers for Huntington’s disease patients and mouse model. Brain Behav. Immun. 2015, 44, 121–127. [Google Scholar] [CrossRef] [PubMed]

	



Di Pardo, A.; Alberti, S.; Maglione, V.; Amico, E.; Cortes, E.P.; Elifani, F.; Battaglia, G.; Busceti, C.L.; Nicoletti, F.; Vonsattel, J.P.; et al. Changes of peripheral TGF-β1 depend on monocytes-derived macrophages in Huntington disease. Mol. Brain 2013, 6, 55. [Google Scholar] [CrossRef]

	



Zhao, H.; Wei, J.; Sun, J. Roles of TGF-β signaling pathway in tumor microenvirionment and cancer therapy. Int. Immunopharmacol. 2020, 89, 107101. [Google Scholar] [CrossRef]

	



Seoane, J.; Gomis, R.R. TGF-β Family Signaling in Tumor Suppression and Cancer Progression. Cold Spring Harb. Perspect. Biol. 2017, 9, a022277. [Google Scholar] [CrossRef]

	



Mangiarini, L.; Sathasivam, K.; Seller, M.; Cozens, B.; Harper, A.; Hetherington, C.; Lawton, M.; Trottier, Y.; Lehrach, H.; Davies, S.W.; et al. Exon 1 of the HD gene with an expanded CAG repeat is sufficient to cause a progressive neurological phenotype in transgenic mice. Cell 1996, 87, 493–506. [Google Scholar] [CrossRef]

	



Slow, E.J.; van Raamsdonk, J.; Rogers, D.; Coleman, S.H.; Graham, R.K.; Deng, Y.; Oh, R.; Bissada, N.; Hossain, S.M.; Yang, Y.Z.; et al. Selective striatal neuronal loss in a YAC128 mouse model of Huntington disease. Hum. Mol. Genet. 2003, 12, 1555–1567. [Google Scholar] [CrossRef]

	



Squitieri, F.; Ciarmiello, A.; Di Donato, S.; Frati, L. The search for cerebral biomarkers of Huntington’s disease: A review of genetic models of age at onset prediction. Eur. J. Neurol. 2006, 13, 408–415. [Google Scholar] [CrossRef] [PubMed]

	



Harris, G.J.; Codori, A.M.; Lewis, R.F.; Schmidt, E.; Bedi, A.; Brandt, J. Reduced basal ganglia blood flow and volume in pre-symptomatic, gene-tested persons at-risk for Huntington’s disease. Brain 1999, 122, 1667–1678. [Google Scholar] [CrossRef] [PubMed]

	



Reilmann, R.; Bohlen, S.; Klopstock, T.; Bender, A.; Weindl, A.; Saemann, P.; Auer, D.P.; Ringelstein, E.B.; Lange, H.W. Tongue force analysis assesses motor phenotype in premanifest and symptomatic Huntington’s disease. Mov. Disord. 2010, 25, 2195–2202. [Google Scholar] [CrossRef]

	



Bechtel, N.; Scahill, R.I.; Rosas, H.D.; Acharya, T.; van den Bogaard, S.J.; Jauffret, C.; Say, M.J.; Sturrock, A.; Johnson, H.; Onorato, C.E.; et al. Tapping linked to function and structure in premanifest and symptomatic Huntington disease. Neurology 2010, 75, 2150–2160. [Google Scholar] [CrossRef] [PubMed]

	



Akbergenova, Y.; Littleton, J.T. Pathogenic Huntington Alters BMP Signaling and Synaptic Growth through Local Disruptions of Endosomal Compartments. J. Neurosci. 2017, 37, 3425–3439. [Google Scholar] [CrossRef]

	



Naphade, S.; Embusch, A.; Madushani, K.L.; Ring, K.L.; Ellerby, L.M. Altered Expression of Matrix Metalloproteinases and Their Endogenous Inhibitors in a Human Isogenic Stem Cell Model of Huntington’s Disease. Front. Neurosci. 2018, 11, 736. [Google Scholar] [CrossRef]

	



Wachs, F.P.; Winner, B.; Couillard-Despres, S.; Schiller, T.; Aigner, R.; Winkler, J.; Bogdahn, U.; Aigner, L. Transforming growth factor-beta1 is a negative modulator of adult neurogenesis. J. Neuropathol. Exp. Neurol. 2006, 65, 358–370. [Google Scholar] [CrossRef]

	



Kandasamy, M.; Reilmann, R.; Winkler, J.; Bogdahn, U.; Aigner, L. Transforming Growth Factor-Beta Signaling in the Neural Stem Cell Niche: A Therapeutic Target for Huntington’s Disease. Neurol. Res. Int. 2011, 2011, 124256. [Google Scholar] [CrossRef]

	



Tourjman, V.; Kouassi, É.; Koué, M.È.; Rocchetti, M.; Fortin-Fournier, S.; Fusar-Poli, P.; Potvin, S. Antipsychotics’ effects on blood levels of cytokines in schizophrenia: A meta-analysis. Schizophr. Res. 2013, 151, 43–47. [Google Scholar] [CrossRef]








[image: Jcm 10 03001 g001 550] 





Figure 1. Plasma levels of TGF-β1 in the study groups and control. 






Figure 1. Plasma levels of TGF-β1 in the study groups and control.



[image: Jcm 10 03001 g001]







[image: Jcm 10 03001 g002 550] 





Figure 2. Plasma levels of TGF-β1 in the individual HD stages and control group. 
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Table 1. Characteristics of the study group divided into HD stages.
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Variables/

HD Stages

	
All HD

	
Preclinical

	
Very Early

	
Early

	
Intermediate

	
Advanced




	
    X ¯     ± SD

	
Range

	
   X ¯    ± SD

	
Range

	
   X ¯    ± SD

	
Range

	
   X ¯    ± SD

	
Range

	
   X ¯    ± SD

	
Range

	
   X ¯    ± SD

	
Range






	
Age

	
46.87 ± 13.70

	
20–73

	
40.33 ± 1.52

	
19–42

	
32.83 ± 10.93

	
20–55

	
54.84 ± 9.73

	
33–70

	
47.28 ± 12.75

	
22–66

	
54.20 ± 16.33

	
35–69




	
Age of symptom onset

	
40.05 ± 18.54

	
19–68

	
-

	
-

	
30.33 ± 1.07

	
20–50

	
49.00 ± 9.26

	
33–65

	
35.33 ± 11.20

	
30–52

	
40.25 ± 3.36

	
39–60




	
Disease duration

	
9.53 ± 6.71

	
0–25

	
-

	
-

	
6.60 ± 8.26

	
1–25

	
6.16 ± 4.26

	
1–19

	
9.75 ± 6.22

	
2–26

	
11.85 ± 5.35

	
4–21




	
CAG repeats small allele

	
18.03 ± 2.84

	
12–30

	
17.50 ± 0.83

	
13–27

	
17.77 ± 3.07

	
12–23

	
18.36 ± 4.16

	
14–30

	
18.25 ± 3.36

	
15–23

	
17.26 ± 1.90

	
15–22




	
CAG repeats large allele

	
44.40 ± 4.28

	
40–63

	
41.83 ± 1.16

	
40–60

	
45.11 ± 3.95

	
40–52

	
43.21 ± 3.10

	
40–50

	
45.12 ± 1.01

	
40–63

	
45.53 ± 4.27

	
41–54




	
Motor UHDRS

	
40.39 ± 28.84

	
0–102

	
-

	
-

	
4.66 ± 2.70

	
1–9

	
26.38 ± 6.03

	
14–35

	
52.95 ± 7.92

	
39–67

	
76.80 ± 2.77

	
74–80




	
Years of study

	
13.51 ± 3.21

	
8–27

	
18.00 ± 3.68

	
13–27

	
15.00 ± 1.78

	
12–18

	
14.23 ± 2.68

	
11–17

	
13.00 ± 2.79

	
8–19

	
12.40 ± 3.36

	
8–17




	
MMSE

	
23.75 ± 5.92

	
0–30

	
29.87 ± 0.35

	
29–30

	
28.22 ± 1.78

	
25–30

	
27.11 ± 2.26

	
22–30

	
22.62 ± 4.52

	
7–29

	
14.58 ± 4.62

	
8–22




	
MoCA

	
23.98 ± 6.15

	
0–30

	
29.00 ± 1.78

	
25–30

	
26.71 ± 4.64

	
17–30

	
26.92 ± 2.55

	
20–30

	
21.80 ± 5.22

	
7–30

	
15.00 ± 6.32

	
9–28




	
Beck’s scale

	
5.43 ± 6.09

	
0–63

	
3.54 ± 4.43

	
0–12

	
6.54 ± 8.04

	
0–26

	
3.09 ± 4.01

	
0–12

	
5.70 ± 5.38

	
0–18

	
5.90 ± 6.47

	
0–16




	
Clock drawing test

	
8.1 ± 2.66

	
0–10

	
10 ± 0

	
10–10

	
9.63 ± 1.20

	
6–10

	
9.15 ± 1.77

	
5–10

	
6.40 ± 6.34

	
3–10

	
4.18 ± 2.71

	
0–8




	
Functional assessment

	
17.95 ± 6.21

	
4–25

	
25 ± 0

	
25

	
24.75 ± 9.33

	
22–25

	
21.61 ± 3.47

	
15–25

	
16.28 ± 5.94

	
8–25

	
11.20 ± 5.49

	
4–19




	
Independence scale

	
74.76 ± 16.22

	
45–100

	
100 ± 0

	
100

	
90.00 ± 6.35

	
89–100

	
86.15 ± 9.38

	
70–100

	
67.61 ± 13.65

	
45–90

	
60.00 ± 7.90

	
50–70








  X ¯   ± SD—mean ± standard deviation, UHDRS—Unified Huntington Disease Rating Scale, MMSE—Mini-Mental State Examination, MoCA—Montreal Cognitive Assessment.
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Table 2. The results of the motor UHDRS assessment in HD patients.
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Variables/HD Stages

	
All HD

	
Very Early

	
Early

	
Intermediate

	
Advanced




	
   X ¯    ± SD






	
Vertical pursuit

	
1.13 ± 1.06

	
0.25 ± 0.45

	
0.56 ± 0.58

	
1.60 ± 1.24

	
2.20 ± 1.00




	
Horizontal pursuit

	
1.14 ± 1.09

	
0.16 ± 0.38

	
0.65 ± 0.57

	
1.60 ± 0.50

	
2.20 ± 1.00




	
Vertical saccades initiation

	
1.70 ± 1.29

	
0.25 ± 0.45

	
1.04 ± 0.47

	
2.36 ± 2.80

	
3.25 ± 0.55




	
Horizontal saccades initiation

	
1.67 ± 1.25

	
0.33 ± 0.65

	
1.04 ± 0.47

	
2.27 ± 1.14

	
3.20 ± 0.61




	
Speed of horizontal saccades

	
1.54 ± 1.18

	
0.25 ± 0.45

	
1.04 ± 0.47

	
2.09 ± 2.39

	
2.90 ± 0.78




	
Speed of vertical saccades

	
1.58 ± 1.2

	
0.25 ± 0.45

	
1.08 ± 0.51

	
2.12 ± 0.25

	
3.00 ± 0.72




	
Dysarthria

	
1.20 ± 1.02

	
0.16 ± 0.38

	
0.82 ± 0.49

	
1.45 ± 0.82

	
2.55 ± 0.82




	
Tongue protrusion

	
1.40 ± 1.36

	
0 ± 0

	
0.52 ± 0.84

	
2.00 ± 0.93

	
3.10 ± 0.55




	
Bradykinesia (Tapping) of the right upper limb

	
1.78 ± 1.42

	
0.25 ± 0.45

	
1.13 ± 0.54

	
2.18 ± 0.82

	
3.85 ± 0.36




	
Bradykinesia (Tapping) of the left upper limb

	
1.91 ± 1.48

	
0.25 ± 0.62

	
1.30 ± 0.82

	
2.45 ± 0.71

	
3.85 ± 0.36




	
Pronation/supination of the left upper limb

	
1.72 ± 1.29

	
0.33 ± 0.49

	
1.26 ± 0.61

	
2.09 ± 0.76

	
3.50 ± 0.68




	
Pronation/supination of the right upper limb

	
1.87 ± 1.33

	
0.33 ± 0.49

	
1.43 ± 1.33

	
2.39 ± 0.78

	
3.55 ± 0.68




	
Luria’s test

	
1.87 ± 1.64

	
0.50 ± 0.90

	
1.60 ± 1.64

	
2.12 ± 0.61

	
3.70 ± 0.57




	
Left upper limb stiffness

	
0.93 ± 1.06

	
0.08 ± 0.28

	
0.60 ± 1.06

	
1.06 ± 0.93

	
2.15 ± 1.08




	
Right upper limb stiffness

	
0.96 ± 1.05

	
0.08 ± 0.28

	
0.60 ± 1.05

	
1.15 ± 0.84

	
2.15 ± 1.08




	
Bradykinesia

	
1.44 ± 1.19

	
0.41 ± 0.66

	
1.21 ± 1.19

	
1.66 ± 0.90

	
2.80 ± 0.83




	
Torso dystonia

	
0.49 ± 0.78

	
0.08 ± 0.28

	
0.26 ± 0.78

	
0.54 ± 0.67

	
1.20 ± 0.95




	
Right upper limb dystonia

	
0.64 ± 1.03

	
0 ± 0

	
0.17 ± 1.03

	
0.63 ± 0.60

	
1.95 ± 1.27




	
Left upper limb dystonia

	
0.69 ± 1.09

	
0 ± 0

	
0.13 ± 1.09

	
0.75 ± 0.92

	
2.05 ± 1.27




	
Right lower limb dystonia

	
0.61 ± 0.99

	
0 ± 0

	
0.17 ± 0.99

	
0.69 ± 0.89

	
1.70 ± 1.21




	
Left lower limb dystonia

	
0.65 ± 1.02

	
0 ± 0

	
0.30 ± 1.02

	
0.72 ± 0.87

	
1.70 ± 1.17




	
Facial chorea

	
1.21 ± 1.09

	
0.08 ± 0.28

	
1.17 ± 1.09

	
1.51 ± 0.95

	
2.15 ± 1.13




	
Oral-buccal-lingual chorea

	
1.29 ± 1.24

	
0 ± 0

	
1.17 ± 1.24

	
1.57 ± 0.71

	
2.50 ± 1.27




	
Torso chorea

	
1.30 ± 1.13

	
0 ± 0

	
1.17 ± 1.13

	
1.81 ± 0.82

	
2.15 ± 1.26




	
Left upper limb chorea

	
1.44 ± 1.53

	
0.16 ± 0.38

	
1.56 ± 1.53

	
2.00 ± 0.93

	
2.00 ± 1.52




	
Right upper limb chorea

	
1.27 ± 1.17

	
0.08 ± 0.28

	
1.04 ± 1.17

	
1.87 ± 0.95

	
2.00 ± 1.52




	
Left lower limb chorea

	
1.38 ± 1.19

	
0 ± 0

	
1.26 ± 1.19

	
1.90 ± 1.06

	
2.30 ± 1.30




	
Right lower limb chorea

	
1.37 ± 1.17

	
0 ± 0

	
1.21 ± 1.17

	
1.87 ± 1.00

	
2.35 ± 1.30




	
Gait

	
1.27 ± 1.04

	
0.08 ± 0.28

	
0.82 ± 1.04

	
1.69 ± 0.96

	
2.55 ± 0.68




	
Tandem gait

	
1.58 ± 1.27

	
0.25 ± 0.45

	
1.04 ± 1.27

	
1.96 ± 0.76

	
3.30 ± 0.57




	
Retropulsion

	
1.11 ± 1.05

	
0 ± 0

	
0.86 ± 1.05

	
1.24 ± 0.86

	
2.50 ± 0.88








   X ¯    ± SD—mean ± standard deviation.
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Table 3. Results of neuropsychological assessment depending on the HD stage.
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Variables/HD Stages

	
All HD

	
Preclinical

	
Very Early

	
Early

	
Intermediate

	
Advanced




	
   X ¯    ± SD






	
SDMT

Correct answers

	
21.85 ± 18.66

	
54.50 ± 10.73

	
43.58 ± 12.88

	
25.80 ± 9.70

	
14.75 ± 8.36

	
1.90 ± 5.56




	
SDMT

Incorrect answers

	
0.68 ± 1.39

	
0.37 ± 0.47

	
0.91 ± 1.08

	
0.71 ± 1.76

	
1.03 ± 1.63

	
0.15 ± 0.67




	
VF

Correct answers

	
11.55 ± 8.23

	
24.85 ± 2.41

	
19.72 ± 5.23

	
12.50 ± 5.72

	
10.06 ± 6.45

	
3.50 ± 4.85




	
VF

Incorrect answers

	
0.03 ± 0.18

	
0 ± 0

	
0 ± 0

	
0.04 ± 0.21

	
0.06 ± 0.25

	
0 ± 0




	
VF

Repetitions

	
0.68 ± 1.35

	
0.42 ± 0.78

	
0.45 ± 1.50

	
0.86 ± 1.12

	
0.93 ± 1.81

	
0.35 ± 0.74




	
TF I

Correct words

	
6.40 ± 5.68

	
16.12 ± 4.35

	
12.25 ± 5.20

	
6.63 ± 3.53

	
4.63 ± 3.65

	
1.40 ± 2.25




	
TF II

Correct words

	
8.31 ± 8.09

	
20.75 ± 4.39

	
13.58 ± 5.10

	
8.68 ± 4.40

	
5.50 ± 3.56

	
14.10 ± 11.66




	
TF III

Correct words

	
7.05 ± 6.33

	
18.25 ± 5.77

	
13.66 ± 4.73

	
7.63 ± 4.04

	
5.16 ± 3.53

	
0.80 ± 1.50




	
TF I–III

Average number of correct words for 3 tests

	
21.38 ± 18.11

	
55.37 ± 12.33

	
39.5 ± 13.20

	
22.95 ± 10.69

	
15.56 ± 2.14

	
3.90 ± 6.87




	
TF I–III

Average number of repetitions for 3 tests

	
0.61 ± 1.08

	
0.50 ± 0.84

	
0.58 ± 0.9

	
1.00 ± 1.15

	
0.70 ± 10.52

	
0.15 ± 0.48




	
TMT part 1

Filling time

	
106.76 ± 78.5

	
27.12 ± 8.37

	
37.16 ± 9.30

	
68.31 ± 25.96

	
122.80 ± 66.12

	
203.47 ± 68.91




	
TMT part 1

Correct answers

	
20.43 ± 9.54

	
25 ± 0

	
25 ± 0

	
25 ± 0

	
23.03 ± 6.360

	
6.26 ± 10.84




	
TMT part 1

Incorrect answers

	
0.31 ± 0.96

	
0 ± 0

	
0 ± 0

	
0.22 ± 0.75

	
0.46 ± 1.04

	
0.52 ± 1.42




	
TMT part 2

Filling time

	
169.86 ± 114.43

	
47.62 ± 10.87

	
19.72 ± 5.23

	
149.90 ± 59.84

	
203.43 ± 56.3

	
252.36 ± 181.81




	
TMT part 2

Correct answers

	
18.89 ± 10.19

	
25 ± 0

	
25 ± 0

	
23.81 ± 4.11

	
20.90 ± 7.94

	
3.57 ± 8.55




	
TMT part 2

Incorrect answers

	
0.90 ± 1.72

	
0.12 ± 0.35

	
0.45 ± 1.50

	
1.36 ± 1.91

	
1.40 ± 2.07

	
0.36 ± 1.38




	
SCNT

Correct answers

	
36.53 ± 23.96

	
72.25 ± 13.82

	
63.25 ± 6.81

	
44.72 ± 13.87

	
29.46 ± 14.2

	
7.80 ± 10.94




	
SCNT

Incorrect answers

	
0.19 ± 0.59

	
0 ± 0

	
0.08 ± 0.28

	
0.36 ± 0.95

	
0.20 ± 0.48

	
0.15 ± 0.48




	
SCNT

Incorrect answers–corrected

	
0.58 ± 1.02

	
0.62 ± 0.91

	
0.58 ± 0.79

	
0.50 ± 0.96

	
0.96 ± 1.320

	
0.10 ± 0.44




	
SWRT

Correct answers

	
43.03 ± 29.04

	
89.25 ± 8.24

	
72.66 ± 23.96

	
50.22 ± 10.92

	
36.86 ± 17.60

	
7.80 ± 13.02




	
SWRT

Incorrect answers

	
0.05 ± 0.22

	
0 ± 0

	
0 ± 0

	
0.09 ± 0.29

	
0.06 ± 0.25

	
0.05 ± 0.22




	
SWRT

Incorrect answers–corrected

	
0.13 ± 0.47

	
0 ± 0

	
0.08 ± 0.28

	
0.22 ± 0.75

	
0.13 ± 0.44

	
0.10 ± 0.30




	
SIT

Correct answers

	
20.04 ± 15.5

	
46.25 ± 14.36

	
34.83 ± 8.24

	
23.63 ± 6.98

	
16.03 ± 10.19

	
2.55 ± 5.28




	
SIT

Incorrect answers

	
0.52 ± 1.09

	
0 ± 0

	
0.58 ± 0.99

	
0.86 ± 1.24

	
0.72 ± 1.38

	
0.05 ± 0.22




	
SIT

Incorrect answers–corrected

	
0.62 ± 1.02

	
0.25 ± 0.46

	
0.75 ± 0.96

	
1.13 ± 1.48

	
0.68 ± 0.89

	
0.05 ± 0.22








   X ¯    ± SD—mean ± standard deviation, SDMT—Symbol Digit Modalities Test, VF—Verbal Fluency test, TF—Total Fluency test, SCNT—Stroop Color-Naming Test, SWRT—Stroop Word Reading test, SIT—Stroop Interference Test, TMT—Trail Making Test.
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Table 4. Plasma levels of TGF-β1 in the control group and HD patients.
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	HD
	Number of Measurements
	TGF-β1

   X ¯    ± SD
	TGF-β1 Average

Range





	Control group
	39
	648.69 ± 663.35
	0–2096.87



	All patients
	100
	611.34 ± 542.79
	0–2096.87



	Preclinical
	12
	711.31 ± 556.99
	0–1970.48



	Very early
	12
	602.40 ± 634.34
	0–2096.87



	Early
	23
	517.93 ± 453.91
	0–1647.37



	Intermediate
	33
	543.87 ± 482.81
	0–2096.87



	Advanced
	20
	702.60 ± 423.80
	94.26–423.80







   X ¯    ± SD—mean ± standard deviation.
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Table 5. Correlations between plasma levels of TGF-β1 and each parameter of the motor UHDRS determined with Spearman’s test.
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Correlations/

HD Stages

	
All HD

	
Very Early

	
Early

	
Intermediate

	
Advanced




	
R

	
p

	
R

	
p

	
R

	
p

	
R

	
p

	
R

	
p






	
TGF-β1 and tongue protrusion

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
0.53

	
0.01




	
TGF-β1 and right upper limb tapping

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
−0.47

	
0.03




	
TGF-β1 and left upper limb tapping

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
0.46

	
0.02

	
n.s.

	
n.s.

	
−0.47

	
0.03




	
TGF-β1 and left upper limb pronation/supination

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
0.47

	
0.02

	
n.s.

	
n.s.

	
n.s.

	
n.s.




	
TGF-β1 and right upper limb pronation/supination

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
0.48

	
0.01

	
n.s.

	
n.s.

	
n.s.

	
n.s.




	
TGF-β1 and torso dystonia

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
−0.45

	
0.04




	
TGF-β1 and right lower limb dystonia

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
0.36

	
0.03

	
n.s.

	
n.s.




	
TGF-β1 and left lower limb dystonia

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
−0.44

	
0.04








R—Spearman’s correlation coefficient, n.s.—not statistically significant.
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Table 6. Correlations between plasma levels of TGF-β1 and neuropsychological assessment determined with Spearman’s test.
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Correlations/

HD Stages

	
All HD

	
Preclinical

	
Very Early

	
Early

	
Intermediate

	
Advanced




	
R

	
p

	
R

	
p

	
R

	
p

	
R

	
p

	
R

	
p

	
R

	
p






	
TGF-β1 and the MMSE test

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
0.52

	
0.03

	
n.s.

	
n.s.

	
−0.66

	
0.01




	
TGF-β1 and clock drawing test

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
0.56

	
0.01

	
n.s.

	
n.s.

	
n.s.

	
n.s.




	
TGF-β1 and Beck’s scale

	
n.s.

	
n.s.

	
0.74

	
<0.01

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.




	
TGF-β1 and the independence scale

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
0.45

	
<0.01

	
n.s.

	
n.s.








R—Spearman’s correlation coefficient, n.s.—not statistically significant, MMSE—Mini-Mental State Examination.
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Table 7. Correlations between plasma levels of TGF-β1 and cognitive functions determined with Spearman’s test.






Table 7. Correlations between plasma levels of TGF-β1 and cognitive functions determined with Spearman’s test.





	
Correlations/

HD Stages

	
All HD

	
Preclinical

	
Very Early

	
Early

	
Intermediate

	
Advanced




	
R

	
p

	
R

	
p

	
R

	
p

	
R

	
p

	
R

	
p

	
R

	
p






	
TGF-β1 and VF

Repetitions

0–60 s

	
−0.25

	
0.01

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
−0.43

	
0.04

	
0.39

	
0.02

	
−0.57

	
<0.01




	
TGF-β1 and SWRT

Correct answers

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
−0.43

	
0.04

	
n.s.

	
n.s.

	
n.s.

	
n.s.




	
TGF-β1 and SWRT

Incorrect answers–corrected

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
−0.46

	
0.04




	
TGF-β1 and TMT part 1

Incorrect selections

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
n.s.

	
0.42

	
0.04

	
n.s.

	
n.s.

	
n.s.

	
n.s.








R—Spearman’s correlation coefficient, n.s.—not statistically significant, VF—Verbal Fluency test, SWRT—Stroop Word Reading Test, TMT—Trail Making Test.
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