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Investigating Whether the Improvement of the AMP-Activated Protein Kinase 

(AmpK) is Neuroprotective in Huntington’s Disease Neurons 

 
Manasa Chillarige 

 

Huntington’s disease (HD) is a hereditary condition which causes disordered movement, 
behavioral changes, and dementia. As with many neurological diseases, there is no effective 
treatment and HD is universally fatal. Metformin has been found improve cognitive score in 
diabetic patients with HD and has also improved motor function and decreased mutant HTT 
aggregates in mice brains. Like metformin, BC1618 is an inhibitor of Fbxo48. However, its 
potency in stimulating Ampk-dependent signaling greatly exceeds metformin. GA100 also works 
in a similar manner as BC1618. Thus, Q7 and Q111 cell lines were treated with 5 and 10 μM 
concentrations of BC1618 or GA1000 and the samples were collected to perform protein, RNA, 
and DNA analysis. The most significant results from this experiment came from the qPCR results 
which confirmed the initial hypothesis and supported the idea that both BC1618 and GA100 
effectively inhibit Fbxo48 and prolong Ampk activation. We further hypothesize that this will 
promote mitochondrial biogenesis which can have neuroprotective effects on HD.   
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Investigating whether the Improvement of the AMP-activated protein kinase 

(AmpK) is neuroprotective in Huntington’s Disease Neurons 

 
Introduction  

Huntington’s disease (HD), a hereditary condition afflicting 30,000 Americans, causes 
disordered movement (chorea), behavioral changes, and dementia (1). As with many other 
neurological diseases, there is no effective treatment and HD is universally fatal. Patients present 
with unique combinations of these symptoms which can be managed through a variety of 
treatments including chorea medication, antipsychotic medication, antidepressants, mood-
stabilizing drugs, as well as non-drug therapies. However, being able to target the root of the 
issue continues to be a challenge (14). Altered metabolism is a well-known symptom of HD, but 
the underlying causes are unknown. The treatment of HD patient with metformin is under intense 
study, since use of metformin for the treatment of type II diabetes in HD patients was 
surprisingly correlated with better cognitive score (2, 3). HD patients tend to develop glucose 
intolerance and metabolic dysregulation. Metformin modulates several metabolic pathways and 
can restore metabolic dysregulation associated with other diseases, including HD. Metformin 
does this by improving glucose uptake through gluconeogenesis suppression (13). Metformin is 
known to inhibit mitochondrial complex 1, ultimately inhibiting gluconeogenesis. Mechanistic 
studies in a mouse model of HD, the zQ175KI model, demonstrated improved motor function in 
treated mice, as well as decreased mutant HTT aggregates in the brain of the treated mice, as 
compared with vehicle treated controls (3). However, metformin is contraindicated in some 
patients and thus new drugs with the ability to inhibit gluconeogenesis through a mechanism 
separate from that of metformin represent a new therapeutic strategy in HD. 

The AMP-activated protein kinase (Ampk) is a central regulator of metabolic pathways. 
Increasing Ampk activity has been a promising therapeutic target. Prior research has found that 
Ampk activation protects mouse striatal cells expressing mHtt, reducing their susceptibility to 
stress, with reduction of soluble mHtt levels by metformin. Ampk prevents the induction of 
neurodegeneration by mHtt, suggesting that Ampk can protect the brain from mHtt cytotoxicity 
in a living brain (12). Fbxo48 is a ubiquitin E3 ligase subunit protein that targets the active, 
phosphorylated Ampkα (pAmpkα) for polyubiquitylation and proteasomal degradation (4). 
BC1618 is an inhibitor of Fbxo48 and its potency in stimulating Ampk-dependent signaling 
greatly exceeds metformin (4). This compound increases the biological activity of Ampk not by 
stimulating the activation of Ampk, but rather by preventing activated pAmpkα from Fbxo48-
mediated degradation. BC1618 has been found to promote mitochondrial fission, prolong Ampk 
activity, and decrease gluconeogenesis (4). Thus, this unique compound works to inhibit 
pAmpkα disposal. In this study, we will perform fundamental studies that lay the groundwork for 
BC1618 and GA100 to be developed as potential new therapeutics for HD.  

 

Methods  

Cell Lines Used: In this project, we will use STHdhQ111 (Q111) and STHdhQ7 (Q7) cells. The 

Q7 and Q111 cell lines represent wild type and full-length muHTT models of HD. These striatal cell 

lines were established from mouse knock-in embryos (5). Previous studies examined mitochondrial 

function and found that mitochondrial respiration was decreased in the muHTT line as was 

mitochondrial protein import. Furthermore, Q111 are more sensitive to temperature shift and serum 

deprivation (SDM conditions) than are Q7 and undergo cell death at a higher rate under these 
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conditions. Thus, these lines are useful in vitro models for studies of mitochondrial dysfunction and 

mitochondrially mediated cell death in the presence of muHTT (5).  

Cell Culture: Q7 and Q111 mouse striatal cell lines that express full-length WT (polyQ7) and 

mutant (polyQ111) HTT were a gift from Marci MacDonald (Harvard Medical School, Boston, 

Massachusetts, USA), who generated these lines (57). Q7 and Q111 cells were grown in MEM culture 

medium with 10% FBS.  Cells were sub-cultured when confluency reached 70-80%, indicating that a 

majority of the adherent surface of the culture vessel is covered with cultured cells. Subculturing was 

done by aspirating culture medium out of the dishes and adding 2 mL of 0.25% Trypsin-EDTA 

Solution. Once the cells had detached fully from the dish, the solution was collected in 10 mL 

centrifuge tubes and filled to 10 mL with fresh culture medium. Then, they were placed in the 

centrifuge (800 rpm) for 5 minutes, to allow for the cell pellet to form. The supernatant was then 

removed, and the cell pellet was suspended in 2 mL of medium and added to the new plates at the 

desired ratio (typically 1:10). For experiments, cells were counted using the Invitrogen Countess 

Automated Cell Counter. A mixture of 10 μl of Trypan Blue and 10 μl of cell suspension was added to 

the glass slide and the cell count was obtained. 3.0 x 106 Q7 or Q111 cells were plated in 10 cm cell 

culture dishes. After 24 hours, cells were treated with BC1618 or GA100 for 24 hours and then 

transferred to 37ºC non-permissive temperature for additional 24 hours. After 48 hours of total 

treatment samples were collected for RNA or DNA isolation.     

Experimental Protocol:  Five culture dishes were made for Q7 cells and five dishes for Q111 

cells where the following conditions were tested: Control, 5 μM BC1618, 10 μM BC1618, 5 μM 

GA100, and 10 μM GA100. After 3.0 x 106 cells were plated in each dish, they were incubated in the 

33℃ incubator for 24 hours. The next day, regular medium was replaced with 10 mL of glucose-free 

medium and BC1618 and GA100 treatments were added to the dishes to create final concentration of 

10 μM. The dishes were transferred to the 37℃ incubator for 24 hours. On the following day, samples 

were collected. Samples were collected weekly: protein samples were collected in the first week, RNA 

samples in the second week, DNA samples in the third week.  

Protein Lysate Preparation: To collect protein samples, cells were detached from the plate 

using trypsin, the solution was centrifuged (800 rpm) for 5 minutes, supernatant was removed, 

the cell pellet was dissolved in 400 μl of RIPA buffer, transferred into a 1.5 mL microcentrifuge 

tube and stored in -80℃ freezer. For isolation, protein samples were taken out on ice and 

centrifuged at 15,000 g for 30 min. The supernatant was transferred to a new centrifuge tube and 

the pellet was discarded. A Bradford Assay was performed using the supernatant.   

RNA Isolation, cDNA Preparation, and qPCR: RNA samples were purified and isolated 

using the RNeasy Kit from QIAGEN according to manufacturer protocol. Briefly, to collect 

RNA samples, cells were detached from the plate using trypsin, the solution was centrifuged 

(800 rpm) for 5 minutes, supernatant was removed, the cell pellet was dissolved in 350 μl of RLT 

buffer, transferred into a 1.5 mL microcentrifuge tube and stored in -80℃ freezer. RNA samples 

were purified and isolated using the RNeasy Kit from QIAGEN. RNA quantification data was 

collected using the Nanodrop 1000. The RNA samples were then used to prepare cDNA by using 

High capacity reverse transcription kit from Thermo. To prepare cDNA from RNA, the reaction 

mixture was made using 13 μl of 10x Buffer, 13 μl of 10x Primers, 5.2 μl of dNTPs, and 6.5 μl of 

enzymes. 5.8 μl of this reaction mixture was added to each sample along with 14.2 μl of RNA 

and water based on the concentration of the samples to create a total of 20 μl solution per sample 

as shown in Table 1 below. These were briefly vortexes and centrifuged for 1 minute. Then, the 

samples were used to perform qPCR on a 96-well plate with the following primers: MT-CO1, D-

Loop 1, D-Loop 3, and Beta-Actin. The reaction mixture for each primer was made using 140 μl 

https://www.jci.org/articles/view/135026
https://www.jci.org/articles/view/135026
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of SyBr Green, 14 μl of Forward Primer, and 14 μl of Reverse Primer. To create the PCR plate, 8 

samples were used (Q7 Control, Q7 5 μM, Q7 10 μM, Q7 5 μM GA100, Q111 Control, Q111 5 

μM, Q111 10 μM, Q111 5 μM GA100) and 3 wells were assigned for each sample and primer (3 

replicates). 100 μl of Nuclease-free water was added to each cDNA tube and this was centrifuged 

for 2 minutes. From each sample reaction mixture prepared earlier, 6 μl was added to each well. 

4 μl of the RNA sample was added in the well for a total of 10 μl per well. The plate was then 

centrifuged for 2 minutes and put in qPCR machine Quantstudio 3 from Thermo.    

   DNA Isolation and qPCR: DNA samples were isolated using the DNeasy Blood and Tissue 

Kit from QIAGEN. To collect DNA samples, cells were detached from the plate using trypsin, the 

solution was centrifuged (800 rpm) for 5 minutes, the cell pellet was dissolved in 200 μl of PBS, and 

then 200 μl of AL buffer, transferred into a 1.5 mL microcentrifuge tube and stored in -80℃ freezer. 

DNA quantification data was collected using the Nanodrop 1000. Then, the samples were used to 

perform qPCR using the same method as mentioned above on a 96-well plate with the following 

primers: MT-CO1, D-Loop 1, D-Loop 3, and Beta-Actin. The reaction mixture for each primer was 

made using 140 μl of SyBr Green, 14 μl of Forward Primer, and 14 μl of Reverse Primer. 4 μl of 

sample DNA and 6 μl of reaction mixture was pipetted into each well. 

Again, the same samples were used with 3 replicates per treatment and primer group.  The plate 
was then centrifuged for 2 minutes and put in qPCR machine to collect data.   

  

Table 1: RNA -> cDNA sample preparation  

  

Sample  ng/mL RNA  Water  

Q7 Control  473.6  0.57  13.03  

Q7 10 μM BC1618  24.7  11.04  3.16  

Q7 10 μM GA100  19.2  14.2  0  

Q111 Control  227.1  1.20  12.99  

Q111 10 μM BC1618  37.3  7.30  6.89  

Q111 10 μM GA100  62.6  4.36  9.84  
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Results   

In this set of experiments, Q7 and Q111 were treated with two different compounds and 
collected protein, mRNA, and DNA for analysis.    

 

  

 
 

 
 
 

 
 

 
 
 

 
 
 

 
 

 
 
 

 
 
 After collection of lysates for the protein as described in method, the lysates were 

quantified to determine the protein concentration using a Bradford assay. Although equal 
numbers of cells were plated per well, in the first assay I found that some lysates obtained from 
treated cells had significantly less protein than the untreated controls. This suggests that either 
there were technical errors or that the drugs were toxic. As a result, in the second repeat of this 
assay, I performed the experiment at multiple concentrations to determine if a nontoxic dose 
could be found. For GA100, the 5 μM appears to be less toxic than the 10 μM dose; data with 
BC1618 were more variable.  Although I did not have time to run immunoblots on these 
samples, these lysates are in storage. 

 
  
 

 
 
 

 
 

 
 
 

 

Table 2: Protein Quantification from Bradford Assay  

Sample  

ng/μl Set 

1  

ng/μl Set 

2  

Q7 Control  0.929803  0.882702  

Q7 5 μM BC1618    0.591375  

Q7 10 μM BC1618  0.228526  1.276952  

Q7 5 μM GA100    1.936362  

Q7 10 μM GA100  0.151769  0.273882  

Q111 Control  0.703021  0.572186  

Q111 5 μM BC1618    
0.736166  

Q111 10 μM 

BC1618  

0.694299  

0.525085  

Q111 5 μM GA100    0.990859  

Q111 10 μM GA100  0.331449  
0.275626  
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Table 3: RNA Quantification  

Sample  

ng/μl Set 

1  

260/280  

Set 1  

260/230  

Set 1  

ng/μl Set 

2  

260/280  

Set 2  

260/230  

Set 2  

Q7 Control  653.4  2.16  1.46  527.2  2.12  2.2  

Q7 10 μM 

BC1618  46.6  2  1.51  3.1  2  0.39  

Q7 10 μM 

GA100  126.4  2.13  2.02  27.9  2.19  0.21  

Q111 

Control  633  2.15  2.03  659.9  2.14  2.14  

Q111 10 

μM 

BC1618  91.6  2.15  1.33  2.8  1.11  0.5  

Q111 10 

μM GA100  58.4  2.12  0.51  5.2  1.36  0.49  

  

 
 

RNA analysis shows that BC1618 and GA100 both increased the levels of mitochondrial 
mRNA genes mtCO1, Dloop1, and Dloop3, with the greatest increase in both Q7 and Q111 cells 
with BC1618 (Figure 1). Two possible explanations for this are increased expression of the 
mitochondrial genes in each mitochondrion or an increase in the number of mitochondria per 
cell. Thus, we analyzed mitochondrial DNA as an indicator of the number of mitochondria.  

  

 

 

In addition to collecting  
protein, I also collected mRNA  
from treated cells for fut ure  
gene expression analysis.  I  
analyzed the quantity and  
quality of the mRNA  
collected. The concentration  
of RNA was obtained using  
A260 value. The quality of the  
RNA was assessed by looking  
at the A260/280 ratio  
( reference value >2.0) and the  
A260/320 r atio (reference  
value >2.0).    These RNA  
samples were then used for  
qPCR analysis of gene  
expression.    
  

  
Figure 1: Analysis of Mitochondrial RNA Expression.  
Expression of mitochondrial mRNAs mtCO1, Dloop1, and  

DLoop 3 were quantified using qPCR followed by ΔΔCt  
analysis.  N=1.   
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Table 4: DNA Quantification (Sets 1 and 2)  

Sample  

ng/μl 

Set 1  

260/280  

Set 1  

260/230  

Set 1  

ng/μl Set 

2  

260/280  

Set 2  

260/230  

Set 2  

Q7 Control  991.5  2.12  2.11  1201.4  2.14  2.17  

Q7 10 μM 

BC1618  29.1  1.93  0.99  190.4  2.12  1.89  

Q7 10 μM 

GA100  2.2  1.41  0.44  5.3  1.95  0.22  

Q111 Control  
472.3  2.04  2.03  993.9  2.1  2.16  

Q111 10 μM 

BC1618  72.5  2.12  1.67  344.1  2.07  2.01  

Q111 10 μM 

GA100  6.4  1.96  0.4  24.2  1.95  0.81  

 

Table 5: DNA Quantification (Sets 3 and 4)  

Sample  

ng/μl 

Set 3 

260/280  

Set 3  

260/230  

Set 3 

ng/μl Set 

4 

260/280  

Set 4 

260/230  

Set 4 

Q7 Control  510.1  2.16 1.89 617.4 2.17 2.25 

Q7 5 μM 

BC1618 

569.9 2.13 1.89 508.1 2.14 2.07 

Q7 10 μM 

BC1618  300.3 2.22 1.74 203 2.18 1.97 

Q7 5 μM 

GA100 146.8 2.4 1.68 624.9 2.18 2.11 

Q7 10 μM 

GA100  3.3 1.22 0.07 11.3 2.18  2.26  

Q111 Control  
849.3 2.18 1.97 69.6 2.23  1.31  

Q111 5 μM 

BC1618 723.6 2.18 2.03 70.4 2.35 0.36 

Q111 10 μM 

BC1618  577.7 2.13 2.05 55.2 2.23 1.04  

Q111 5 μM 

GA100 876.7 2.2 1.98 665.2 2.22 2.23 

Q111 10 μM 

GA100  18.2 2.08  0.55 6.4  1.83  0.64  

 

Similarly, I collected DNA from treated and control samples. I analyzed the quantity and 
quality of the DNA collected. The concentration of DNA was obtained using A260 value. The 
quality of the RNA was assessed by looking at the A260/280 ratio (reference value >1.8) and the 
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A260/320 ratio (reference value >2.0). These DNA samples were then used for qPCR analysis of 
to determine mitochondrial biomass in the treated cells as compared with controls.  

  

  

 

 

Figure 2: Q7 Control Cells (Left) and Q111 Control (Right). Cells when fully confluent shown 

under 10x magnification. 

   

 Q7 Control                   Q7 BC1618                   Q7 GA100  
Figure 3: Q7 cells after treatment. Q7 Control (Left) is very confluent and growing well, 
Q7 BC1618 (Middle) shows significant decrease in cell size and growth, Q7 GA100 (Right) 
also shows reduced growth and cell size compared to Control. 
 

  
Figure  4 . Q111 cells after treatment. Q111 Control (Left), Q111 BC1618 (Middle), Q111  
GA100 (Right). Cell size and growth decreased after treatments, similar to Q7  c ells.   

Q111 Control  Q111 BC1618         Q7 GA100 
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In addition to objective measures of protein, RNA, and DNA quantity, I also recorded 
qualitative changes in cell density. I found that after treatment, there were fewer cells observed in 
both BC1618 and GA100 treated wells than in untreated controls (Figures 2-4). This confirms 
the hypothesis that treatment is either toxic to the cells or it prevents cell proliferation. In either 
case, the lower concentrations of cellular macromolecules that were found are likely due to the 
decreased number of cells found in treated wells. 

Interestingly, although drug treatment decreased the number of cells per well, qPCR 
analysis of mitochondrial DNA showed an increase in the proportion of mitochondrial DNA 
(Figure 5).  This suggests increased mitochondrial biomass in treated cells.   

  

 
 

Discussion  

From viewing the cells under the microscope, it appears that BC1618 and GA100 
treatments have resulted in decreased cell growth and size in both Q7 and Q111 cells. BC1618 
shows a more significant decrease when compared to GA100 as can be seen in Figures 2 and 3.   

As for the protein samples, the Western blot testing was inconclusive and would need to 
be repeated. Based on the most significant results obtained through this project were based on the 
qPCR testing of the DNA samples. As shown in Figure 4, qPCR results indicated that both 
BC1618 and GA100 caused increased fold change in the mitochondrial RNA, which could be 
caused by either increased transcription of the measured genes or by increased number of 
mitochondria per cell. The follow up analysis of mitochondrial DNA in both Q7 and Q111 cells 
showed that the mRNA increase is likely caused by increased number of mitochondria per cell. 
In reference to Figure 5, we can understand that BC1618 and GA100 are working by inhibiting 

Figure  5 :  Regulation of mtDNA copy number in Q7 and Q111 cells by regulating pAMPKα  
degradation .   Analysis of Mitochondrial  Copy Number using qPCR . Expression of mitochondrial  DNA  
using primers for   mtCO1, Dloop1, and DLoo p 3 were quantified using qPCR followed by ΔΔCt  
analysis. N= 2 .   
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the interaction between the E3 ubiquitin ligase complex and the α subunit of Ampk, prolonging 
the activation of Ampk. This aligns with prior research which has found that AMPK protection 
slowed down the neurodegenerative effects of mHtt and demonstrates the therapeutic potential of 
Ampk-activation to treat HD (12). The findings are also consistent with previous studies which 
have shown that inhibiting Fbxo48 would prevent pAmpk degradation (4). 

This experiment had some limitations which could be improved in the future to provide even 
better findings. One discrepancy was that only the 10 μM concentration of the treatments was 
initially used, however the 10 μM GA100 treatment showed little cell viability. This implies that 
this dosage may have been toxic to the cells. This would need to be investigated further by 
performing a cytotoxicity assay. Despite this finding, a second concentration level at 5 μM was 
then included in the treatment conditions, and this concentration of GA100 did not suggest 
toxicity. Additionally, the cell counts which were used when plating for the experiments was 
initially 1.5 x 106 cells per each culture dish. However, this count was doubled to 3.0 x 106 cells 
in order ensure that there were enough materials after collection for analysis, which would make 
any effects to be observed clearer. Finally, because some optimization experiments did not 
produce useable data due to the low number of surviving cells after treatment, the final N of the 
experiments was less than 3.  Thus, all experiments need to be repeated. Nonetheless, the results 
that were obtained are promising.  

In the future, obtaining more extensive data from Western blots and other assays may 
provide a more complete understanding of the impact of BC1618 and GA100 treatments. It may 
also be useful to test these treatments in both in vivo and in vitro models to assess the 
applicability of these treatments to live models and as potential treatments for humans.   
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