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Objective: Huntington's disease (HD) is an autosomal dominant neurodegenerative disorder. Neurofilament light protein (NfL) is correlated with clinical severity of HD but relative data are the lack in the Chinese population. Reactive astrocytes are related to HD pathology, which predicts their potential to be a biomarker in HD progression. Our aim was to discuss the role of blood glial fibrillary acidic protein (GFAP) to evaluate clinical severity in patients with HD.

Methods: Fifty-seven HD mutation carriers (15 premanifest HD, preHD, and 42 manifest HD) and 26 healthy controls were recruited. Demographic data and clinical severity assessed with the internationally Unified Huntington's Disease Rating Scale (UHDRS) were retrospectively analyzed. Plasma NfL and GFAP were quantified with an ultra-sensitive single-molecule (Simoa, Norcross, GA, USA) technology. We explored their consistency and their correlation with clinical severity.

Results: Compared with healthy controls, plasma NfL (p < 0.0001) and GFAP (p < 0.001) were increased in Chinese HD mutation carriers, and they were linearly correlated with each other (r = 0.612, p < 0.001). They were also significantly correlated with disease burden, Total Motor Score (TMS) and Total Functional Capacity (TFC). The scores of Stroop word reading, symbol digit modalities tests, and short version of the Problem Behaviors Assessments (PBAs) for HD were correlated with plasma NfL but not GFAP. Compared with healthy controls, plasma NfL has been increased since stage 1 but plasma GFAP began to increase statistically in stage 2.

Conclusions: Plasma GFAP was correlated with plasma NfL, disease burden, TMS, and TFC in HD mutation carriers. Plasma GFAP may have potential to be a sensitive biomarker for evaluating HD progression.
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INTRODUCTION

Huntington's disease (HD) is an autosomal dominant neurodegenerative disorder characterized by progressively deteriorative motor, psychiatric, and cognitive dysfunction. It is caused by abnormal expansion of CAG repeat in the huntingtin protein (HTT) gene (1). Although there are currently no treatments to cure HD, several disease-modifying therapies have shown some potential to slow HD progression (2, 3). However, objective measurements, such as biomarkers, are needed to precisely evaluate these novel disease-modifying interventions. In clinical practice, clinical rating scales, such as the internationally Unified Huntington's Disease Rating Scale (UHDRS), are widely used to assess disease severity, but those subjective scales may not be able to assess minor disease-related alterations in HD, especially in prodromal HD.

The most reliable biomarker for HD should be the mutant huntingtin protein (mHTT) in cerebrospinal fluid (CSF) but it has to be acquired by lumbar puncture (4). Recently, several blood-based biomarkers, such as plasma neurofilament light protein (NfL), have been evaluated in patients with HD. In European countries, NfL has been proposed as a promising biomarker to assess the therapeutic effect and track the progression in HD mutation carriers (5). NfL is the smallest subunit of neurofilaments and a major component of the neuronal cytoskeleton (6). Once axons of neurons in the brain are damaged, NfL is released into the CSF and blood. In HD mutation carriers, NfL is statistically correlated with clinical severity, CSF mHTT, and brain atrophy (7, 8). However, there is no information on plasma NfL in Chinese HD mutation carriers.

Although plasma NfL has shown a good ability to track HD progression, more biomarkers are required to better reflect HD progression comprehensively. Astrocytes are one of the most prevalent glial cell types in the mammalian brain (9). They are housekeepers of the brain and maintain brain function by regulating the maturation of synapses, neurotransmitter homeostasis, water and ion homeostasis, neurovascular coupling, and the formation of the blood-brain barrier (10). Astrocytes gradually lose their normal functions and become reactive in HD. Reactive astrocytes further boost neuroinflammation, which in turn drives neurodegeneration (10, 11). Moreover, astrocytes with nuclear mHTT inclusions also trigger oxidative stress in neurons (12). Indeed, reactive astrocytes are correlated with the severity of disease progression and striatal neurodegeneration in HD (13). Glial fibrillary acidic protein (GFAP) is an intermediate filament protein of astrocytes, and the expression of GFAP is increased in astroglial activation (9). Similar to NfL, GFAP can be released into CSF and blood. The potential role of blood GFAP as a biomarker has been explored in different brain diseases. For example, blood GFAP was reported to be associated with disease severity and MRI lesions in progressive multiple sclerosis (14). In addition, GFAP was also increased after mild traumatic brain injuries, suggesting the potential application of blood GFAP in neurological diseases (15). However, the role of blood GFAP in HD is lacking.

In this study, we aimed to evaluate the value of plasma NfL and GFAP related to clinical measurements in Chinese HD mutation carriers and explore the potential of plasma GFAP to be a biomarker for HD progression.



METHODS AND MATERIALS


Participants and Study Design

A total of 57 HD mutation carriers (15 premanifest HD, preHD, and 42 manifest HD) from 44 families were recruited in the First Affiliated Hospital, Sun Yat-sen University from January 6, 2015 to November 18, 2019. Eight preHD participants from eight families were recruited in the Beijing Tiantan Hospital from May 8, 2019 to December 25, 2019. They were all definitely diagnosed by HTT CAG repeat expansion mutation (i.e., HTT CAG repeat expansion ≥ 40). Twenty-six healthy controls were recruited in this study, such as three family members without HD risk (i.e., spouses of HD mutation carriers) and nine controls with a family history of HD (i.e., three siblings and six offsprings of HD mutation carriers with a gene-expansion negative test). They were age matched to HD mutation carriers and clinically healthy. Individuals with vascular, infectious, inflammatory, or any other concomitant neurological disorders were excluded. Demographic data, clinical characteristics, and blood samples were collected from the participants. Correlations of clinical severity and plasma NfL/GFAP concentrations were assessed.

This study was compliant with the Declaration of Helsinki and approved by the ethics committees of the First Affiliated Hospital, Sun Yat-sen University, and Beijing Tiantan Hospital. The number of the approval is [2017]318. Written informed consent was obtained from each participant before enrollment.



Clinical Assessment

Impairments of motor function and independent living skills were assessed with the UHDRS Total Motor Score (TMS) and UHDRS Total Functional Capacity (TFC), respectively. Cognitive function was evaluated with a series of tests, such as symbol digit modalities test, Stroop word reading test, Stroop color-naming test, Stroop interference test, trail making test, and category fluency test, as previously described (16). Neuropsychiatric characteristics were assessed using a short version of the Problem Behaviors Assessments (PBAs) for HD. Clinical stages were classified with UHDRS TMS and UHDRS TFC. If the score of UHDRS-TMS ≤ 5, the participant would be categorized as preHD. HD mutation carriers with the score of UHDRS-TMS > 5 were clarified as manifest HD, who would be further separated into four clinical stages (stage 1: 11 ≤ TFC ≤ 13; stage 2: 7 ≤ TFC ≤ 10; stage 3: 3 ≤ TFC ≤ 6; and stage 4: 1 ≤ TFC ≤ 2) (7). Disease burden was calculated as CAG age product (CAP) score: CAP = ([CAGn −33.66] × age) (17). Disease duration began from the initial onset of motor, psychiatric, or cognitive dysfunction. The clinical severity of all HD mutation carriers was investigated by two HD specialists, who were both UHDRS certified. The score of each item in UHDRS would be graded after discussion.



Plasma NfL/GFAP Quantification

Two milliliter venous blood was collected from each participant with EDTA anticoagulation tubes (BD, Franklin Lakes, NJ, USA). Blood samples were centrifuged at 4,000 × g for 10 min at 4°C to remove hemocytes as soon as possible and stored in eppendorf tubes (Axygen, Union City, CA. USA) at −80°C. Samples were packed in dry ice for transportation and analysis. Plasma NfL and GFAP were quantified using an ultra-sensitive single-molecule (Simoa, Norcross, GA, USA) technology (Quanterix, Billerica, MA, USA) on the automated Simoa HD-1 platform (GBIO, Hangzhou, China) according to the instruction of manufacturer (18). The NF-light assay (Catalog number: 102258) and GFAP (Catalog number: 102336) kits were purchased from Quanterix and used accordingly. Plasma samples were diluted at a 1:4 ratio for both assays. Calibrators and quality controls were measured in duplicate. All sample measurements were performed on a single run basis. Limits of detection (LOD) and limits of quantification (LOQ) were also provided. Operators were unaware of the disease status of participants.



Statistical Analysis

Original values are presented as mean ± SD. Concentrations of plasma NfL and GFAP were non-normally distributed because of biologically plausible higher values. Natural log-transformation produced an acceptable normal distribution, as previously reported (7). SPSS and GraphPad were used for statistical calculations (SPSS 19.0 software, Armonk, NY, USA; Prism 6, GraphPad, La Jolla, CA, USA). Spearman's rank correlation was performed between original plasma NfL/GFAP and log-transformed plasma NfL/GFAP. Potentially confounding demographic variables (age, gender, and CAG repeats) were examined in preliminary analyses and those found to be significant were included as covariates for subsequent analyses. ANOVA and multiple comparisons were used to compare plasma NfL/GFAP concentration between groups. Correlation between disease burden and plasma NfL/GFAP concentration was assessed with Pearson's correlation coefficient. Pearson's partial correlation using age, or age and CAG, as covariates was used to evaluate the linear correlation between plasma NfL and GFAP concentration or between analyte concentrations and clinical measures. The receiver operating characteristic (ROC) curve was used to analyze the diagnostic power of plasma NfL/GFAP for HD. Overall sensitivity and specificity were evaluated with areas under the curve (AUC). A cut-off value of each ROC curve was verified with the largest Youden index p < 0.05 was considered significant statistically.




RESULTS


Demographic Features of all Participants

This study consists of 83 participants: 26 healthy controls, 15 preHD, and 42 manifest HD. They were all Chinese Han population. Demographic characteristics are presented in Table 1.


Table 1. Demographic features and intergroup comparison of plasma NfL/GFAP.
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The mean age of healthy controls was 35.73 ± 7.68 years old, who were recruited to be age-matched to all HD mutation carriers. The preHD group was significantly younger than the manifest HD group (44.19 ± 11.10 vs. 28.00 ± 7.53, p < 0.0001). There were no intergroup differences in gender. The mean CAG repeat expansion was 45.32 ± 4.27 in HD mutation carriers, ranging from 40 to 58. Disease burden was lower in the preHD group than in the manifest HD group (256.60 ± 60.99 vs. 519.10 ± 129.60, p < 0.0001). There were 20, 11, 10, and 1 manifest HD participants in stages 1, 2, 3, and 4, respectively. The full score of UHDRS-TFC was obtained in all preHD and stage 1 of some manifest HD participants. The disease duration of the manifest HD group was 4.80 ± 4.41 years, ranging from 1 to 20 years. Plasma NfL and GFAP concentrations were quantified in all participants and analyte concentrations by group are shown in Table 1. The correlation between original plasma NfL/GFAP and log-transformed NfL/GFAP was performed (Spearman's rank correlation coefficient: NfL, 1.000, p < 0.0001; GFAP, 1.000, p < 0.0001).



Plasma GFAP Was Correlated With Plasma NfL in HD

In our study, the trends of plasma NfL and GFAP were similar along with the disease progression. They have a strong linear positive correlation with each other (r = 0.612, p < 0.001; Figure 1A). Compared with healthy controls, plasma NfL and GFAP began to increase significantly in stages 1 and 2, respectively. For preHD participants, concentrations of both plasma NfL and GFAP did not differ significantly from those of healthy controls (healthy controls vs. preHD, NfL: 2.30 ± 0.50 vs. 2.69 ± 0.99 log pg/ml, p > 0.05; GFAP: 5.43 ± 0.54 vs. 5.77 ± 0.74 log pg/ml, p > 0.05; Figures 1B,C). For manifest HD participants, NfL but not GFAP was significantly increased in stage 1 compared with premanifest ones (preHD vs. stage 1, NfL: 2.69 ± 0.99 vs. 4.69 ± 0.68 log pg/ml, p < 0.0001; GFAP: 5.77 ± 0.74 vs. 5.88 ± 0.65 log pg/ml, p > 0.05). However, the differences between stages 1 and 2 in plasma NfL and GFAP were both significant (stage 1 vs. stage 2, NfL: 4.69 ± 0.68 vs. 5.41 ± 0.41 log pg/ml, p < 0.05; GFAP: 5.88 ± 0.65 vs. 6.53 ± 0.53 log pg/ml, p < 0.05). Plasma NfL and GFAP were slightly lower in stage 3 but the differences were not significant (stage 2 vs. stage 3, NfL: 5.41 ± 0.41 vs. 5.06 ± 0.48 log pg/ml, p > 0.05; GFAP: 6.53 ± 0.53 vs. 6.26 ± 0.54 log pg/ml, p > 0.05). There was only one HD participant in stage 4. The concentrations of plasma NfL and GFAP in stage 4 HD were 5.85 and 7.04 log pg/ml, respectively. LOD and LOQ were much lower than the concentrations of our samples.
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FIGURE 1. Comparison and correlation of plasma NfL and GFAP. (A) Correlation of plasma NfL and GFAP in HD mutation carriers (n = 57). (B) Concentration of plasma NfL across disease stages (controls: n = 26; preHD: n = 15; stage 1: n = 20; stage 2: n = 11; stage 3: n = 10). (C) Concentration of plasma GFAP across disease stages (controls: n = 26; preHD: n = 15; stage 1: n = 20; stage 2: n = 11 stage 3: n = 10). (D) ROC curves for discrimination between controls (n = 26) and HD mutation carriers (n = 57) [95% confidence intervals (CIs) for AUCs: plasma NfL, 0.810–0.958, p < 0.0001; plasma GFAP, 0.657–0.868, p < 0.0001]. (E) ROC curves for discrimination between controls (n = 26) and HD mutation carriers (n = 57) with combination of plasma NfL and GFAP (95% CIs for AUCs: 0.814–0.960, p < 0.0001). (F) ROC curves for discrimination between preHD (n = 15) and manifest HD participants (n = 42) (95% CIs for AUCs: plasma NfL, 0.929–1.000, p < 0.0001; plasma GFAP, 0.496–0.822, p = 0.070). (G) ROC curves for discrimination between preHD (n = 15) and manifest HD participants (n = 42) with combination of plasma NfL and GFAP (95% CIs for AUCs: 0.934–1.000, p < 0.0001). Significance level was defined as p < 0.05. *p < 0.05, **p < 0.01, and ****p < 0.0001. NfL, neurofilament light protein; GFAP, glial fibrillary acidic protein; HD, Huntington's disease; ROC, receiver operating characteristic.


Compared with plasma NfL, plasma GFAP exhibited less sensitivity (cut-off value: 0.433 vs. 0.807) and smaller AUC (0.762 vs. 0.884) in terms of distinguishing healthy controls and HD mutation carriers (Figure 1D). Given the strong correlation of GFAP with NfL in HD, we further tested whether the combination of NfL and GFAP can synergistically increase the diagnostic power of HD. Unexpectedly, the combination of NfL and GFAP did not significantly increase the diagnostic power (Figure 1E). We also tested the ROC curve in terms of distinguishing premanifest and manifest HD participants. Plasma NfL showed remarkable diagnostic ability [AUC = 0.970, 95% CIs for AUC: 0.929–1.000, p < 0.0001] while plasma GFAP could not distinguish preHD and manifest HD (AUC = 0.659, 95% CIs for AUC: 0.496–0.822, p = 0.070; Figure 1F). Similarly, the combination of NfL and GFAP did not significantly increase the diagnostic power of distinguishing premanifest and manifest HD participants (AUC = 0.976, 95% CIs for AUC: 0.934–1.000, p < 0.0001; Figure 1G).



Plasma NfL Had a Strong Correlation With Clinical Severity

In our study, plasma NfL was significantly higher in HD mutation carriers than healthy controls (healthy controls vs. HD mutation carriers, 2.30 ± 0.50 vs. 4.39 ± 1.26 pg/ml, p < 0.0001; Figure 2A). In terms of HD mutation carriers, plasma NfL was statistically correlated with disease burden (r = 0.451, p < 0.0001, Figure 2B).
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FIGURE 2. Correlation of plasma NfL and clinical measures. (A) The concentration of plasma NfL in healthy controls (n = 26) and HD mutation carriers (n = 57). (B) Plasma NfL was significantly correlated with disease burden in HD mutation carriers. (C) Plasma NfL was significantly correlated with Total Motor Score in HD mutation carriers. (D) Plasma NfL was significantly correlated with Total Functional Capacity in HD mutation carriers. (E) Plasma NfL was significantly correlated with the scores of symbol digit modalities and Stroop word reading tests in HD mutation carriers. (F) Plasma NfL was significantly correlated with the score of the short version of the Problem Behaviors Assessment for HD. Scatter plots show unadjusted values. R and p values are age-adjusted, generated from Pearson's partial correlations including age as a covariate. The significance level was defined as p < 0.05. NfL, neurofilament light protein.


The clinical assessments were conducted in 57 HD mutation carriers. All HD mutation carriers completed UHDRS TMS and TFC. Some participants failed to complete PBAs or cognitive assessments (Supplementary Table 1). Among these clinical measures, the scores of TMS (r = 0.699, p < 0.0001), TFC (r = −0.464, p < 0.01), symbol digit modalities (r = −0.546, p < 0.0001), Stroop word reading tests (r = −0.465, p < 0.01), and PBAs (r = 0.433, p < 0.01) were all significantly correlated with the concentration of plasma NfL (Figures 2C–F). However, the residual clinical measures had no correlation with plasma NfL. All the results were age-adjusted. If using age and CAG as a covariate, concentration of plasma NfL was also correlated with the scores of TMS (r = 0.400, p < 0.01), symbol digit modalities (r = −0.380, p < 0.05), and PBAs (r = 0.384, p < 0.01; Table 2).


Table 2. Association between plasma NfL/GFAP and clinical measures in HD mutation carriers.
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Plasma GFAP Was Correlated With Clinical Severity

Consistent with plasma NfL, plasma GFAP was significantly higher in HD mutation carriers compared with healthy controls (healthy controls vs. HD mutation carriers, 5.43 ± 0.54 vs. 6.07 ± 0.70 pg/ml, p < 0.01; Figure 3A). The correlation between plasma GFAP and disease burden was also linearly positive (r = 0.089, p < 0.05, Figure 3B). Among the above clinical measures, TMS (r = 0.286, p < 0.05) and TFC (r = −0.323, p < 0.05) were both significantly correlated with plasma GFAP (Figures 3C,D). However, the concentration of plasma GFAP had no correlation with the scores of all cognitive assessments and PBAs (Figures 3E,F). All the results were age adjusted. Plasma GFAP showed no correlation with the above clinical measures using age and CAG as a covariate (Table 2).
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FIGURE 3. Correlation of plasma GFAP and clinical measures. (A) The concentration of plasma GFAP in healthy controls (n = 26) and HD mutation carriers (n = 57). (B) Plasma GFAP was significantly correlated with disease burden in HD mutation carriers. (C) Plasma GFAP was significantly correlated with Total Motor Score in HD mutation carriers. (D) Plasma GFAP was significantly correlated with Total Functional Capacity in HD mutation carriers. (E) Plasma GFAP had no correlation with the scores of symbol digit modalities and Stroop word reading tests in HD mutation carriers. (F) Plasma GFAP had no correlation with the score of the short version of the Problem Behaviors Assessment for HD. Scatter plots show unadjusted values. R and p values are age-adjusted, generated from Pearson's partial correlations including age as a covariate. The significance level was defined as p < 0.05. GFAP, glial fibrillary acidic protein.





DISCUSSION

Huntington's disease progression should be evaluated precisely by CSF mHTT but it is hard for patients with HD to cooperate. The signal obtained by the CSF mHTT assay was also influenced by the somatic instability of CAG repeat length (5). In this retrospective cohort study, we found that NfL was significantly correlated with clinical severity, which was in accordance with previous literatures based on the European population (5, 7). Therefore, our data further support NfL as a promising biomarker to predict disease onset, progression, and treatment response in Chinese HD mutation carriers. In addition, we found that plasma GFAP was significantly increased in HD mutation carriers. Plasma GFAP and NfL were significantly correlated and showed similar trends overall. GFAP is a hallmark protein of astrocytes and has been widely used as the standard marker of astrocytic reactivity (19). In patients with HD, reactive astrocytes are strongly related to disease progression (20). Consistently, plasma GFAP was significantly correlated with disease severity and clinical stages, indicating the potential of GFAP as a biomarker of disease progression.

Astrocytes are implicated in cell loss or dysfunction of striatal neurons in HD (13). As the most abundant cell type in the brain, astrocytes not only provide support to neurons but also have an active role in brain functions (21). Thus, astrocytes may be a potential drug target in HD. Indeed, treatments targeting astrocytes have shown to be beneficial. For example, targeting neurotoxic reactive A1 astrocytes may revise the neurodegeneration and repair the function of neurons in HD (22). Additionally, we found that reactive astrocytes impeded the delivery of antisense oligonucleotides (ASOs) to deeper brain structures whereas inhibition of reactive astrocytes could increase the efficacy of ASOs in transgenic HD animals (23). In clinical practice, disease burden calculated by CAP score, an index of cumulative toxicity of mHTT, is used to estimate the proximity to HD diagnosis and reflect the severity of striatal dysfunction (24, 25). In the present study, GFAP was well correlated with NfL in terms of disease burden and clinical severity. Both NfL and GFAP showed significant diagnostic efficacy when distinguishing healthy controls and HD mutation carriers. However, plasma NfL but not GFAP showed significant diagnostic efficacy in terms of distinguishing preHD and manifest HD participants. In addition, the combination of NfL and GFAP did not significantly increase the diagnostic accuracy in both cases either. This indicated that plasma NfL maybe a more sensitive biomarker to reflect the accumulation of mHTT toxicity in HD pathological processes.

The symptoms of HD are largely driven by selective striatal neuronal loss in the early stages of HD. Pathologically, GFAP positive astrocytes were absent even when the striatal neuronal loss had begun in the HD human brain (13, 26, 27). Consistently, GFAP concentration was not significantly increased in the early stages of HD. We found that both plasma NfL and GFAP were significantly correlated with TMS, a score for motor impairment. It is the first time to study the association of PBAs with plasma biomarkers in HD. Neuropsychiatric changes are very common in HD and maybe present many years before motor clinical symptoms. PBAs were developed to measure the severity and frequency of behavioral symptoms in HD. However, there is limited information on neurobiological evidence for PBAs in HD. In the present study, PBAs were correlated with NfL, indicating a direct association of PBAs with neuronal damage. Neuropsychiatric symptoms were believed to arise from striatal pathology, which led to a disruption in striato-cortical circuits (28). Progressive neurodegeneration of specific cortical-subcortical circuitry would give rise to the deterioration of neuropsychiatric symptoms (29). Nevertheless, the association of PBAs with NfL needs further validation in large cohort studies.

In the present study, GFAP varied widely in preHD participants. GFAP levels in some preHD participants were as high as in middle stage. Recently, several fluid biomarkers have been developed to assess reactive astrocytes in the central nervous system including S100B (a calcium-binding protein) and YKL-40 (Chitinase 3-like 1) (30, 31). For example, elevated YKL-40 has been reported in preHD patients. A combination of these biomarkers may help understand the role of astrocytes in HD pathology and create a better prediction model.

There are some limitations in our study. First of all, preHD and control groups of our study were relatively small and this limited our ability to determine the earliest alterations in both NfL and GFAP. We also need more manifest HD participants to verify the clinical significance of plasma GFAP. Secondly, longitudinal follow-up research should be performed to track the dynamic change of plasma GFAP with disease course and explore its ability to predict disease progression. Thirdly, no juvenile HD participants were included in our study, which helps to understand whether they display similar or different profiles for NfL and GFAP.



CONCLUSIONS

In conclusion, we identified a significantly elevated concentration of plasma NfL and GFAP in Chinese HD mutation carriers. It is the first time to explore the potential of plasma GFAP in HD progression. This study provided evidence for the promising application of plasma GFAP in predicting clinical severity.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Ethics Committees of the First Affiliated Hospital, Sun Yat-sen University and Beijing Tiantan Hospital. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

HY, TW, J-mB, and ZP conceived the conception and designed the research. HY, TW, GD, YZ, and LL performed the acquisition, analysis, and interpretation of data. DC, CW, XL, and YH acquired data of HD mutation carriers. HY and ZP drafted the manuscript. ZP revised the manuscript and approved the final version of the manuscript. All authors contributed to the article and approved the submitted version.



FUNDING

This work was supported by the National Natural Science Foundation of China (Grant Numbers 81873751 and 82071255), the National Key Research and Development Program of China (Grant Number 2017YFA0105104), the Guangdong Provincial Key Laboratory of Diagnosis and Treatment of Major Neurological Diseases (2020B1212060017), Guangdong Provincial Clinical Research Center for Neurological Diseases (2020B1111170002), the Southern China International Cooperation Base for Early Intervention and Functional Rehabilitation of Neurological Diseases (2015B050501003 and 2020A0505020004), Guangdong Provincial Engineering Center For Major Neurological Disease Treatment, Guangdong Provincial Translational Medicine Innovation Platform for Diagnosis and Treatment of Major Neurological Disease.



ACKNOWLEDGMENTS

The authors thank the HD participants and healthy individuals for their participation in this study. We also appreciate Fengjuan Su, Huihua Yang, Jie Yang, and Huiming Yang for their help in this research.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2021.779890/full#supplementary-material



REFERENCES

 1. Ross CA, Aylward EH, Wild EJ, Langbehn DR, Long JD, Warner JH, et al. Tabrizi, Huntington disease: natural history, biomarkers and prospects for therapeutics. Nat Rev Neurol. (2014) 10:204–16. doi: 10.1038/nrneurol.2014.24

 2. Wild EJ, Tabrizi SJ. Therapies targeting DNA and RNA in Huntington's disease. Lancet Neurol. (2017) 16:837–47. doi: 10.1016/S1474-4422(17)30280-6

 3. Tabrizi SJ, Leavitt BR, Landwehrmeyer GB, Wild EJ, Saft C, Barker RA, et al. Targeting huntingtin expression in patients with huntington's disease. N Engl J Med. (2019) 380:2307–16. doi: 10.1056/NEJMoa1900907

 4. Wild EJ, Boggio R, Langbehn D, Robertson N, Haider S, Miller JR, et al. Quantification of mutant huntingtin protein in cerebrospinal fluid from Huntington's disease patients. J Clin Invest. (2015) 125:1979–86. doi: 10.1172/JCI80743

 5. Byrne LM, Rodrigues FB, Johnson EB, Wijeratne PA, De Vita E, Alexander DC, et al. Evaluation of mutant huntingtin and neurofilament proteins as potential markers in Huntington's disease. Sci Transl Med. (2018) 10:eaat7108. doi: 10.1126/scitranslmed.aat7108

 6. Perrot R, Berges R, Bocquet A, Eyer J. Review of the multiple aspects of neurofilament functions, and their possible contribution to neurodegeneration. Mol Neurobiol. (2008) 38:27–65. doi: 10.1007/s12035-008-8033-0

 7. Byrne LM, Rodrigues FB, Blennow K, Durr A, Leavitt BR, Roos R, et al. Neurofilament light protein in blood as a potential biomarker of neurodegeneration in Huntington's disease: a retrospective cohort analysis. Lancet Neurol. (2017) 16:601–9. doi: 10.1016/S1474-4422(17)30124-2

 8. Niemelä V, Landtblom AM, Blennow K, Sundblom J. Tau or neurofilament light—Which is the more suitable biomarker for Huntington's disease? PLoS ONE. (2017) 12:e0172762. doi: 10.1371/journal.pone.0172762

 9. Von Bartheld CS, Bahney J, Herculano-Houzel S. The search for true numbers of neurons and glial cells in the human brain: a review of 150 years of cell counting. J Comp Neurol. (2016) 524:3865–95. doi: 10.1002/cne.24040

 10. Palpagama TH, Waldvogel HJ, Faull R, Kwakowsky A. The role of microglia and astrocytes in huntington's disease. Front Mol Neurosci. (2019) 12:258. doi: 10.3389/fnmol.2019.00258

 11. Hamby ME, Coppola G, Ao Y, Geschwind DH, Khakh BS, Sofroniew MV. Inflammatory mediators alter the astrocyte transcriptome and calcium signaling elicited by multiple G-protein-coupled receptors. J Neurosci. (2012) 32:14489–510. doi: 10.1523/JNEUROSCI.1256-12.2012

 12. Boussicault L, Hérard AS, Calingasan N, Petit F, Malgorn C, Merienne N, et al. Impaired brain energy metabolism in the BACHD mouse model of Huntington's disease: critical role of astrocyte-neuron interactions. J Cereb Blood Flow Metab. (2014) 34:1500–10. doi: 10.1038/jcbfm.2014.110

 13. Vonsattel JP, Myers RH, Stevens TJ, Ferrante RJ, Bird ED, Richardson EP. Neuropathological classification of Huntington's disease. J Neuropathol Exp Neurol. (1985) 44:559–77. doi: 10.1097/00005072-198511000-00003

 14. Abdelhak A, Huss A, Kassubek J, Tumani H, Otto M. Serum GFAP as a biomarker for disease severity in multiple sclerosis. Sci Rep. (2018) 8:14798. doi: 10.1038/s41598-018-33158-8

 15. Huebschmann NA, Luoto TM, Karr JE, Berghem K, Blennow K, Zetterberg H, et al. Comparing glial fibrillary acidic protein (gfap) in serum and plasma following mild traumatic brain injury in older adults. Front Neurol. (2020) 11:1054. doi: 10.3389/fneur.2020.01054

 16. Tabrizi SJ, Langbehn DR, Leavitt BR, Roos RA, Durr A, Craufurd D, et al. Biological and clinical manifestations of Huntington's disease in the longitudinal TRACK-HD study: cross-sectional analysis of baseline data. Lancet Neurol. (2009) 8:791–801. doi: 10.1016/S1474-4422(09)70170-X

 17. Zhang Y, Long JD, Mills JA, Warner JH, Lu W, Paulsen JS, et al. Indexing disease progression at study entry with individuals at risk for Huntington disease. Am J Med Genet B Neuropsychiatr Genet. (2011) 156B:751–63. doi: 10.1002/ajmg.b.31232

 18. Rohrer JD, Woollacott IO, Dick KM, Brotherhood E, Gordon E, Fellows A, et al. Serum neurofilament light chain protein is a measure of disease intensity in frontotemporal dementia. Neurology. (2016) 87:1329–36. doi: 10.1212/WNL.0000000000003154

 19. Ben Haim L, Carrillo-de Sauvage MA, Ceyzériat K, Escartin C. Elusive roles for reactive astrocytes in neurodegenerative diseases. Front Cell Neurosci. (2015) 9:278. doi: 10.3389/fncel.2015.00278

 20. Wilton DK, Stevens B. The contribution of glial cells to Huntington's disease pathogenesis. Neurobiol Dis. (2020) 143:104963. doi: 10.1016/j.nbd.2020.104963

 21. Khakh BS, Beaumont V, Cachope R, Munoz-Sanjuan I, Goldman SA, Grantyn R. Unravelling and exploiting astrocyte dysfunction in huntington's disease. Trends Neurosci. (2017) 40:422–37. doi: 10.1016/j.tins.2017.05.002

 22. Gorshkov K, Aguisanda F, Thorne N, Zheng W. Astrocytes as targets for drug discovery. Drug Discov Today. (2018) 23:673–80. doi: 10.1016/j.drudis.2018.01.011

 23. Wu TT, Su FJ, Feng YQ, Liu B, Li MY, Liang FY, et al. Mesenchymal stem cells alleviate AQP-4-dependent glymphatic dysfunction and improve brain distribution of antisense oligonucleotides in BACHD mice. Stem Cells. (2020) 38:218–30. doi: 10.1002/stem.3103

 24. Downing NR, Kim JI, Williams JK, Long JD, Mills JA, Paulsen JS, et al. WHODAS 2.0 in prodromal Huntington disease: measures of functioning in neuropsychiatric disease. Eur J Hum Genet. (2014) 22:958–63. doi: 10.1038/ejhg.2013.275

 25. Penney Jr JB, Vonsattel JP, MacDonald ME, Gusella JF, Myers RH. CAG repeat number governs the development rate of pathology in Huntington's disease. Ann Neurol. (1997) 41:689–92. doi: 10.1002/ana.410410521

 26. Vinther-Jensen T, Börnsen L, Budtz-Jørgensen E, Ammitzbøll C, Larsen IU, Hjermind LE, et al. Selected CSF biomarkers indicate no evidence of early neuroinflammation in Huntington disease. Neurol Neuroimmunol Neuroinflamm. (2016) 3:e287. doi: 10.1212/NXI.0000000000000287

 27. Sotrel A, Paskevich PA, Kiely DK, Bird ED, Williams RS, Myers RH. Morphometric analysis of the prefrontal cortex in Huntington's disease. Neurology. (1991) 41:1117–23. doi: 10.1212/WNL.41.7.1117

 28. Thompson JC, Snowden JS, Craufurd D, Neary D. Behavior in Huntington's disease: dissociating cognition-based and mood-based changes. J Neuropsychiatry Clin Neurosci. (2002) 14:37–43. doi: 10.1176/jnp.14.1.37

 29. Martinez-Horta S, Perez-Perez J, van Duijn E, Fernandez-Bobadilla R, Carceller M, Pagonabarraga J, et al. Neuropsychiatric symptoms are very common in premanifest and early stage Huntington's Disease. Parkinsonism Relat Disord. (2016) 25:58–64. doi: 10.1016/j.parkreldis.2016.02.008

 30. Michetti F, D'Ambrosi N, Toesca A, Puglisi MA, Serrano A, Marchese E, et al. The S100B story: from biomarker to active factor in neural injury. J Neurochem. (2019) 148:168–87. doi: 10.1111/jnc.14574

 31. Llorens F, Thüne K, Tahir W, Kanata E, Diaz-Lucena D, Xanthopoulos K, et al. YKL-40 in the brain and cerebrospinal fluid of neurodegenerative dementias. Mol Neurodegener. (2017) 12:83. doi: 10.1186/s13024-017-0226-4

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 You, Wu, Du, Huang, Zeng, Lin, Chen, Wu, Li, Burgunder and Pei. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fneur-12-779890-t002.jpg
Clinical measures Adjusted for
Total motor score Age

Age and CAG
Total functional capacity Age

Age and CAG
Stroop word reading test Age

Age and CAG
Symbol digit modalities test Age

Age and CAG
Short version of the problem behavior assessment for HD Age

Age and CAG

r

0.699
0.400
—0.464
-0.112
—0.465
—-0.380
—0.546
-0.159
0.433
0.384

Plasma NfL
P value
<0.0001

<0.01
<0.0001

>0.05

Plasma GFAP

0.286
0175
-0.323
—-0.238
-0.052
-0.019
—-0.107
0.157
0216
0.157

P value

<0.05
>0.05
<0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05

R and p values are generated by Pearson’s partial correlation including age, or age and CAG, as covariates. Significant associations are highlighted in bold and underfine. NfL,

neurofilament light protein; GFAP, glial fibrillary acidic protein.





OPS/images/fneur-12-779890-g003.gif
© usma Goartaapom)

Fuasms GeAPUs0 bt

Pl GFAPog PO






OPS/images/fneur-12-779890-t001.jpg
Group Control PreHD Manifest HD

n 26 15 42

Age 3573+7.68 280047.53 4419 £ 11.10
Gender (M/F) 15/11 87 24/18
CAG repeat NA 4313 £2.50 46.09  4.44
expansion

Disease N/A 256.60  60.99 519.10 % 129,60
Burden

Plasma NfL. 2.30 £ 0.50 2.69+099 4994064
(log pg/mL)

Plasma GFAP  5.43 054 5774074 647 £0.74
(log pg/mL)

Total N/A 13 9.12:£3.49
functional

capacity

Total motor N/A 0.87 £1.60 52792293
score

Disease A NA 480 + 4.41
duration (ys)

Mean values + SD are shown for all demographic features of healthy control, preHD and
manifest HD groups. NfL, neurofilament light protein; GFAF, glial fibrillary acidic protein;
preHD, premanifest Huntington’s disease; N/A, Not applicable.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Evaluation of Blood Glial Fibrillary Acidic Protein as a Potential Marker in Huntington's Disease



		Introduction



		Methods and Materials



		Participants and Study Design



		Clinical Assessment



		Plasma NfL/GFAP Quantification



		Statistical Analysis







		Results



		Demographic Features of all Participants



		Plasma GFAP Was Correlated With Plasma NfL in HD



		Plasma NfL Had a Strong Correlation With Clinical Severity



		Plasma GFAP Was Correlated With Clinical Severity







		Discussion



		Conclusions



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
, frontiers
in Neurology

Evaluation of Blood Glial Fibrillary
Acidic Protein as a Potential Marker
in Huntington’s Disease





OPS/images/fneur-12-779890-g001.gif





OPS/images/fneur-12-779890-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Neurology





