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ABSTRACT 

 

Aged HIV-positive (HIV+) individuals represent a large proportion of the HIV 

population as lifespans are extended significantly by successful antiretroviral therapy. 

Increased age with HIV infection brings a unique set of central nervous system (CNS) 

complications including more rapid onset and progression of age-related diseases, loss of 

protein quality control and accumulation of aberrant proteins, such as 

hyperphosphorylated Tau (hpTau). In this context, we have discovered a new signaling 

connection between age-related neurodegeneration and HIV involving the PINCH 

protein.  

Particularly interesting new cysteine histidine-rich protein (PINCH), an adaptor 

protein in neuronal cells is involved in cytoskeletal organization, cell migration and cell 

survival. While some of the pathophysiological aspects of the PINCH-signaling cascade 

in tauopathy are largely conserved among neurodegenerative diseases such as 

Alzheimer’s disease, HIV and others, the presence of the HIV protein Tat impacts 

specific key points in the PINCH pathway that exacerbate CNS cell dysfunction. In virus-

infected cells, Tat regulates viral replication. Even though neurons are not permissive to 

viral infection, the Tat protein can enter all cell types. Our studies show that Tat 

interferes with key PINCH signaling partners in neurons.  PINCH is robustly expressed 

by neurons and to a lesser degree by astrocytes in HIV infection of the CNS; whereas, in 

the healthy CNS, PINCH is nearly undetectable. Similarly, protein phosphatase 1α 

(PP1α), one of the binding partners of PINCH, is increased in the neurons of HIV 

encephalitis patients and co-localizes with PINCH in neurons. PINCH is a non-catalytic 
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scaffolding protein that binds integrin-linked kinase (ILK), and PP1α and mediates Akt 

and GSK3β kinase activities, all of which when disrupted contribute to aberrant Tau 

phosphorylation. In Tat transgenic mice, increased expression levels of PINCH, PP1α 

and hpTau were observed. Also, in vivo manipulations of expression levels of PINCH 

altered the levels of hpTau, where overexpression of PINCH increased hpTau levels in 

Tat transgenic mouse brains and PINCH knockdown decreased hpTau formation. 

Furthermore, our studies show that Tat increases levels of hpTau and PINCH, interacts 

with PP1α and changes the subcellular distribution of PINCH and PP1α in vitro. Tat 

alters the levels of ILK, Akt and GSK3β, which are key kinases associated with hpTau 

formation. Furthermore, our preliminary data using expression plasmid for PP1α also 

shows that overexpression of PP1α decreases Tat-induced aberrant hpTau formation. Our 

studies address HIV replication-independent functions of Tat in neurons linked to PINCH 

signaling. These studies address a novel pathway through which Tau may be aberrantly 

phosphorylated. Thus, understanding new pathways of communication among Tat, 

PINCH, PP1α, ILK and Tau will open new directions for the study of HIV-associated 

tauopathy and will provide opportunities for therapeutic interventions in age- and 

disease-related pathologies.  

 

Several studies report associations between the PINCH protein and HIV-

associated CNS disease.  PINCH is detected in the cerebrospinal fluid (CSF) of HIV 

patients and changes in levels during disease may be indicative of changes in disease 

status over time.  PINCH binds hpTau in the brain and CSF, but little is known about the 

relevance of these interactions to HIV CNS disease.  In this study, PINCH and hpTau 
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levels were assessed in three separate CSF samples collected longitudinally from 20 

HIV+ participants before and after initiating antiretroviral therapy, or before and after a 

change in the current regimen. Correlational analyses were conducted for CSF levels of 

PINCH and hpTau and other variables including plasma CD4+ T-cell count, plasma and 

CSF viral burden, CSF Neopterin, white blood cell (WBC) count, and antiretroviral CNS 

penetration-effectiveness (CPE). Results suggest that in these HIV participants, changes 

in CSF levels of PINCH appear to correlate with changes in plasma CD4+ count and with 

changes in CSF hpTau levels, but not with plasma or CSF viral burden, Neopterin, or 

WBC, or with anti-retroviral regimen CPE.   Furthermore, results from our case matched 

HIV brain-CSF study confirms that higher levels of PINCH and hpTau are detected in 

HIV encephalitis brains. Additionally, correlation between PINCH and hpTau levels in 

brain and other clinical parameters such as age at death, date of death suggesting the era 

of antiretroviral therapy, CPE score and cognition in HIV patients yielded interesting 

results that are currently being expanded upon by investigators in the Langford 

laboratory. Thus, these results suggest that PINCH may be involved in Tauopathy 

associated neurodegeneration in the HIV CNS disease. Therefore, understanding the 

contribution of PINCH to HIV-associated Tauopathy may provide a new therapeutic 

avenue for regulating synaptodendritic dysfunction associated with Tau. Moreover, 

characterizing the clinical significance of PINCH in the CSF may warrant including 

PINCH as a member of biomarker panel to assess severity or progression of HIV-

associated neurocognitive alterations. 
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CHAPTER 1 

INTRODUCTION 

 

* Figures in this chapter were previously published in PLoS One and are 

reproduced with permission under the Creative Commons CC By 4.0. 

 

Neurodegenerative tauopathies are a collection of diseases characterized by 

intracellular accumulations of hyperphosphorylated Tau (hpTau) that leads to progressive 

loss of structure and function of neurons.  Tau is a microtubule-associated protein that 

binds to tubulin, one of the cellular cytoskeletal elements allowing for extension and 

retraction of cellular processes.  Hereditary, genetic, and sporadic causes commonly lead 

to neurodegenerative diseases such as Alzheimer’s disease (AD), and fronto-temporal 

dementia (FTD). Furthermore, infections including HIV produce neurodegeneration such 

as seen in HIV encephalitis (HIVE). These disorders are characterized pathologically in 

part by protein misfolding, disturbances in protein degradation systems, mitochondrial 

dysfunction, and defects in axonal transport (1). More than five million people in the US 

suffer from AD, about 1.7 million have experienced traumatic brain injury (TBI), nearly 

200,000 suffer from FTD, and about a third of patients from HIVE, thus indicating the 

wide-spread population affected by diseases related to dementia. These 

neurodegenerative disorders have a tauopathy component, and share some common 

pathways of pathogenesis. Tauopathy-associated neurodegenerative diseases impact 

several demographic groups including racial/ethnic minorities, and aging population and 

contribute to the increasing cause for morbidity and mortality in developed countries.   
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Conformational changes and misfolding, overexpression or mislocalization lead 

to increased intracellular accumulation of Tau. In this regard, the imbalance between the 

activities of numerous kinases such as glycogen-synthase kinase 3 beta (GSK3β), and 

cyclin-dependent kinase (Cdk5), and protein phosphatases such as PP1, and PP2A cause 

loss of normal function and gain of pathological functions of Tau (2, 3).  Additionally, 

different Tau residues may be phosphorylated in different diseases as seen in many 

human postmortem studies (4-6).  Since the regenerative capacity in adult brain is limited, 

the regulation of aberrant Tau through the heat shock response (HSR) machinery is also 

very important.  In this regard, an adaptor protein called Particularly interesting new 

cysteine histidine-rich protein (PINCH) expressed by neurons was shown to associate 

with both hpTau and elements of the HSR (7). Furthermore, increased levels of PINCH 

were detected in the brains of HIVE, AD, and FTD patients (7-9).  Hence, the main focus 

of the thesis is to study some of the host and viral factors that may contribute to aberrant 

hpTau formation in the HIV disease of the central nervous system (CNS).  

 

PINCH Signaling Pathway 

Structure and Functions of PINCH 

PINCH is an adaptor protein expressed by neurons and other cells involved in 

cytoskeletal organization, cell migration and cell survival. During development, the 

expression of PINCH is essential to maintain neuronal polarity and synaptodendritic 

connections, and knockout is embryonic lethal (10-14).  While PINCH is expressed at 

high levels during development and in disease in dystrophic neurons, in healthy patients, 
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PINCH is nearly undetectable (8).  There are currently two well-described mammalian 

isoforms of PINCH protein, of which PINCH1 knockout is embryonic lethal, PINCH2 

knockout does not lead to significant consequences (7, 15, 16).  PINCH1 consists of 5 

LIM domains and has no catalytic activity. Thus, it exerts its effects by binding to other 

proteins to influence their activity, subcellular localization, and interactions with other 

proteins. Several binding partners for PINCH have been described including integrin-

linked kinase (ILK), non-catalytic region of tyrosine kinase (NcK2) as previously 

reviewed (17) and protein phosphatase 1α (PP1α) (18).   

 

PINCH-ILK 

The most well characterized binding partner of PINCH is ILK, an ankyrin-repeat 

containing serine-threonine kinase  (17). While the LIM1 domain of PINCH binds the 

ankyrin I domain of ILK, the fourth LIM domain of PINCH interacts with Nck2, thus 

linking integrin signaling and growth factor associated tyrosine kinase signaling 

respectively  (17).  ILK binds the cytoplasmic tail of β1 or β3 integrin at the cell surface 

to ensure proper communication among the cytoskeleton, focal adhesions and the 

extracellular matrix (ECM) and is also known to phosphorylate β1 integrin (19-22).  ILK 

phosphorylates downstream kinases involved in aberrant hyperphosphorylation of Tau 

including GSK3β phosphorylated at serine 9 (Ser 9), and protein kinase B (Akt/PKB) 

phosphorylated at Ser 473 (Figure 1). The phosphatidylinositol 3-kinase (PI3K) 

upregulates the activity of ILK, while Phosphatase and Tensin homologue deleted in 

chromosome 10 (PTEN) and ILK-associated protein phosphatase (ILKAP) inactivates 
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ILK (23-26).  Additionally, PINCH-ILK interactions are required to establish and 

maintain axon-dendrite polarity (27).  

 

PINCH has a short C-terminal tail containing putative nuclear localization and 

export signals (28, 29) and provides a framework for bi-directional signal transduction 

between the extracellular membrane (ECM) and the intracellular network via ILK (30). 

However, earlier studies have shown that PINCH is essential for ILK to localize to the 

focal adhesion complex (31, 32).  Furthermore, point mutation studies in Drosophila 

using PINCH mutant (PINCH Q38A), modified at the ILK binding site indicated that 

PINCH-ILK interactions are not required for viability, or for maintaining appropriate 

PINCH and ILK levels. These results indicate a different mode independent of ILK 

interactions for PINCH localization to the cell surface, stabilization and linkage to the 

actin cytoskeleton (33).  Thus, PINCH can also participate in a number of protein-protein 

interactions, independent of ILK binding.  

 

When ILK or Akt inhibit GSK3β by phosphorylating it at residue Ser 9, this 

inactive GSK3β promotes cell survival and neurite outgrowth (31, 32).  Active GSK3β 

inhibits the translocation of β-catenin from the cytoplasm into the nucleus and targets the 

cell for degradation. Conversely, when GSK3β is inhibited, β-catenin translocates to the 

nucleus to participate in transcription of genes essential for cell survival. In this regard, 

studies using a dominant negative ILK mutant concluded that inactivation of ILK 

decreases levels of inactive GSK3 (Ser9) (31).  Parallel observations of activation of 
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GSK3 by phosphorylation at Tyr 216 indicate the need to investigate the potential role 

for PINCH and ILK in Tau phosphorylation. 

 

 

 

 

 

 

 

 

 

 

 

 

PINCH in CNS Diseases Including HIV  

PINCH is expressed at high levels during development and in disease in 

dystrophic neurons, but, in healthy patients, PINCH is nearly undetectable (8).  One of 

the pathological characteristics in HIV CNS disease is the formation and accumulation of 

hpTau. Previous data reported that increased PINCH and hpTau are present in the brains 

and cerebrospinal fluid (CSF) of HIV patients (7-9).  Furthermore, recent results from the 

	 	
Figure 1: Schematic of the proposed Tat-mediated PINCH-signaling 
cascade in neurons. A) Proposed Tat-mediated PINCH-signaling 
cascade involved in aberrant hpTau formation. p represents 
phosphorylation events. B) Tat binds PP1 through amino acids 35QACF38 

and PINCH binds PP1α through KFVEF residues in LIM5 domain of 
PINCH.  

B 

A
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Langford laboratory also showed that PINCH and hpTau bind one another both in vitro, 

and in the brains and CSF of HIV patients (7).  Similarly, decreased solubility of PINCH 

paralleled decreased solubility in hpTau (7).  These studies suggest a correlation between 

PINCH and hpTau levels in HIV infection, but little is known about the relevance of 

these interactions to HIV CNS disease.  

 

 Although the mechanisms underlying this association are unknown, there are 

several points of intersection between PINCH and Tau pathways that may contribute to 

their interaction. One possible contributing mechanism is through PINCH’s binding 

partners, ILK and PP1α that are involved in hyperphosphorylation of Tau and rely on 

interacting with PINCH to maintain their catalytic activity. In the absence of PINCH, 

ILK activity is diminished, thus alterations in levels of PINCH may contribute to changes 

in formation of hpTau (34).  Likewise, PINCH binds to and inactivates PP1α, a 

phosphatase involved in the dephosphorylation of Tau residues essential for normal Tau-

microtubule interactions (18).  Thus, PINCH interacts with hpTau and several other 

binding partners that act on hpTau and probably modulates the formation and clearance 

of aberrant Tau formation. The potential interaction(s) among these pathways and the 

significance of PINCH in the brain and CSF are currently unknown and is the primary 

focus of our current research. PINCH is nearly undetectable in neurons in healthy 

conditions, but is recalled in situations of stress like on exposure to okadaic acid (OA), 

tumor necrosis factor α (TNFα) and in neurodegenerative diseases (7).  PINCH is 

expressed in the neuronal cell bodies, processes and in the extracellular matrix (17). 

Thus, understanding the role of PINCH in HIV CNS disease may help better define the 
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function of PINCH in the pathophysiology of aberrant Tau formation, immune response 

to infection, and better define the significance of its detection in CSF and brain in HIV, 

AD and other neurodegenerative diseases.  

 

Tau  

Structure and Function  

Microtubule-associated proteins (MAP) such as Tau and MAP2 are essential for 

binding to and stabilizing microtubules. Microtubules are important structures of the 

cellular cytoskeleton essential for cellular transport and for maintaining polarity(35). 

Disturbances in the cytoskeleton stabilization lead to disruptions in cellular functions 

such as axonal transport, vesicle and organelle transport. In this regard, Tau plays an 

important role in maintaining the stability and normal cellular functions of the 

cytoskeleton, by also regulating the elongation and retraction of microtubules (36, 37). 

Tau protein is translated from a single gene comprising of 16 exons located on 

chromosome 17 (38, 39) and alternative splicing generate six Tau isoforms (Exon 10) 

(40). Additionally, there are four microtubule-binding domains (MBD) in exons 9-12 that 

facilitate Tau binding to microtubules (41, 42). Each MBD contains a conserved 

consensus motif KXGS, which when phosphorylated inhibit binding of Tau to 

microtubules leading to its disassembly and destabilization (43-45). 

 

Tau is phosphorylated at ≥ 50 serine (S, Ser), threonine (T, Thr) or tyrosine (Y, 

Tyr) residues by various kinases including GSK3β, Cdk5, MAP-microtubule affinity 

regulating kinase (MARK) and protein kinase A (PKA) (4, 46-48).  Tau phosphorylation-
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dephosphorylation by kinases and phosphatases respectively is essential for the “let-go” 

phenomenon, where Tau is bound and unbound from the microtubule (46, 49, 50).  

Imbalances between Tau phosphorylation and dephosphorylation levels also lead to Tau-

associated toxicity, for example decreased activity of protein phosphatases is detected in 

the brains of AD (51-53).  

 

Tau-PINCH  

Tau plays a significant role in the pathogenesis of neurodegenerative diseases 

such as AD, FTD and HIVE and PINCH is also increased in these diseases (7-9, 36, 54). 

Furthermore, during neuronal development altered microtubule stability due to increased 

Tau phosphorylation promotes rapid extension and retraction of newborn neuritis, 

influencing neuronal polarity and differentiation (55-58).  In this regard, PINCH is also 

important for maintaining neuronal polarity and synaptodendritic connections. As disease 

progresses, monomers of hpTau form dimers, oligomers, paired helical filaments and 

finally neurofibrillary tangles, which are pathognomic of diseases such as AD(40, 59, 

60). Thus, aberrant hpTau formation, and aggregation promote neuronal dysfunction 

through microtubule destabilization that affects axonal transport, and synaptic and axonal 

degeneration. Further, Tau is soluble in physiological conditions, while in pathological 

conditions posttranslational modifications such as hyperphosphorylation or nitration lead 

to dissociation of Tau from microtubules, leading to Tau aggregation (60-63). In this 

regard, mass spectrometry conducted by investigators in the Langford laboratory 

predicted the interaction between PINCH and Tau. Reciprocal immunoprecipitations 

confirmed hpTau-PINCH interactions. Additionally, previous deletion mutation studies in 
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the Langford laboratory indicate that hpTau interacts with the LIM1 domain and possibly 

the LIM2 domain of PINCH (Figure 2) (7). Previously, we have also shown that PINCH-

silencing leads to lower levels of OA-induced hpTau (Figure 3) (7). However, the 

biological significance for PINCH’s recall during neurodegenerative disease is unknown. 

In this regard, PINCH interacts with kinases and a phosphatase involved in hpTau 

formation and investigating this interaction was one of the primary goals of this study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

	

Figure 2: hpTau interacts with the first and second LIM domains of 
PINCH.  A) LIMS-specific deletion mutations predict that LIM1 and 2 
domains of PINCH1 bind to hpTau. Expression plasmids for mutants (Δ 
LIMS 1–5) and full-length PINCH each with a FLAG-tag were 
generated via a PCR-based strategy. Neuronal lysates were 
immunoprecipitated with anti-FLAG antibody and reacted with A) anti-
hpTau (AT8), B) Nck-2 or C) MAP2 antibodies. Arrows indicate 
immunoreactive bands. FL, full length; delta LIM, Δ LIM indicates the 
LIM domain that was deleted; FLAG, epitope N-DYKDDDDK-C tag; 
Nck2, cytoplasmic adaptor protein that interacts with PINCH LIM4; 
MAP2, microtubule-associated protein-2 PCR: Polymerase chain 
reaction. Reprinted with permission. As previously published by 
Ozdemir, et al. (2013), (7). *  

53kDa 

81kDa 

53kDa 

81kDa 

53kDa 
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Protein Phosphatases 1α  

Structure and functions  

PP1 belongs to a class of serine/threonine protein phosphatases that have a 

catalytic subunit and a regulatory subunit. There are four isoforms of PP1, namely PP1α, 

	 	

Figure 3: Silencing PINCH during hpTau induction results in less hpTau 
accumulation.  A) Representative western blots of neurons uninfected (con), 
infected with shRNA against PINCH1 and 2 (shRNA P1/2) or non-target 
control shRNA with and without okadaic acid (OA) treatment. B) 
Quantification of protein expression levels of hpTau (AT8), and C) PINCH 
relative to loading control (GAPDH). Results are from 4 different experiments 
and are expressed as fold change over uninfected neurons (con). * p<0.005, 
**p<0.001 by one-way ANOVA with Tukey-Kramer post-hoc analyses. 
GAPDH: Glyceraldehyde-3-phosphate dehydrogenase. Previously published 
by Ozdemir, et al. (2013), (7). Reprinted with permission. * 

53kDa 

53kDa 

41kDa 

41kDa 

81kDa 
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PP1β, PP1γ1 and PP1γ2. The regulatory subunit contains the hydrophobic motif that 

interacts with proteins such as PINCH and Tat containing the (R/K)(V/I)xF motif (18, 

64). These interactions regulate the activity, subcellular localization, and substrate 

specificity of PP1 (65, 66).  PP1 plays a significant role in regulating selected cellular 

processes like transcription, protein synthesis, glycogen metabolism, cellular division and 

apoptosis. PP1 is essential for a number of transcriptional and translational activities 

including inactivation of transcriptional factors, recycling of several splicing and 

transcriptional factors. Through its action on ion channels and transporters, PP1 controls 

the excitable state of neurons. It promotes exit from mitosis, helps in the recovery from 

stress as previously reviewed (67). In neurons, PP1 also influences neurite outgrowth (68) 

and synapse formation (69). PP1 may be expressed in a biphasic manner, with its levels 

increasing in mild stress conditions and decreasing in situations of chronic stress (70). 

Thus PP1 is essential for health and vitality of neurons and cells in general. 

 

PP1-Tau 

Protein phosphatases are involved in the dephosphorylation of specific residues in 

Tau that are essential for binding to microtubules and also for participating in the “let-go” 

phenomenon of Tau (2, 51, 71, 72). Upon hyperphosphorylation, Tau dissociates from 

microtubules leading to their destabilization (35). PP1 stabilizes microtubules by 

dephosphorylating one Tau residue after another on microtubules. PP1 promotes neurite 

outgrowth, learning and memory, and cell survival (73-77).  Additionally, human post 

mortem brain studies report the following Tau residues that are dephosphorylated by PP1: 

T212, T217, S262, S396 and S422 (78, 79).  Furthermore, several studies have reported a 
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correlation between decreased protein phosphatase activity and Tau 

hyperphosphorylation (80-82).  Also, PP1 mRNA expression levels were decreased in 

AD brains (83).  Interestingly, in AD, hpTau is reported to expose the PP1 activating 

motif in the N-terminus of Tau, which otherwise is occupied in protein-protein 

interactions (84, 85), thus, suggesting the significance of regulating the activity of PP1 in 

diseases. Since tauopathy exists in HIV as well, and PINCH regulates the activity of 

PP1α, we explored the potential role of PINCH-PP1α interactions in HIV-associated 

hpTau formation. PP1 is present in abundance throughout the brain and when PP1 is 

directed to the microtubule by Tau, its activity increases significantly (2, 72, 86). Similar 

to the actions of ILK on GSK3β, PP1 strongly regulates GSK3β action by 

dephosphorylating GSK3β at Ser9 (87), providing another layer of relationship between 

PINCH-PP1α signaling and Tau. Additionally, PP1 interacts with Tat, a viral protein to 

regulate transcription in HIV permissive cells(64).  

 

Human Immunodeficiency Virus (HIV)  

HIV is a lentivirus that causes the potentially life threatening disease, Acquired 

Immunodeficiency Syndrome (AIDS). HIV weakens the immune system to produce 

AIDS, a chronic condition that leads to severe opportunistic infections and several 

cancers. HIV is a sexually transmitted disease that affects T cells or CD4+ T cells, which 

are the key cell types of the immune system. It destroys these cells leading to 

immunodeficiency that reduces the body’s ability to fight against infections and diseases. 

The World Health Organization (WHO) reports about 35 million people worldwide are 

living with HIV/AIDS, with about 1.2 million in the US alone. The WHO classifies HIV 
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infection into the following four stages based on the CD4+ cell counts: stages 1 and 2 

have HIV infection with CD4+ cell counts above 350 cells/l of blood, stage 3 is 

advanced HIV disease (ADH) with CD4+ cell counts between 200 and 350 cells/l of 

blood. The fourth stage is AIDS with a CD4+ count below 200 cell/l of blood (88). 

Although the incidence of AIDS is low due to antiretroviral therapy (ART), HIV is 

currently a chronic disease (89). A number of pathophysiological processes in early HIV 

infection lead to loss of memory T cells, formation of HIV reservoirs and activation of 

immune system (90, 91). Addressing these early events may provide better avenues for 

improved management of disease progression including CNS HIV disease. The brain is 

one of the first organs to be targeted by HIV after initial infection of the host.  This 

occurs primarily as HIV-infected macrophages cross the blood-brain barrier (BBB) into 

the brain.  Once inside the brain, the virus can remain quiescent or replicate.  Upon viral 

replication, infected cells express and release viral proteins such as Tat that are 

neurotoxic.  

 

HIV-Associated Neurocognitive Disorders  

Very early in the disease, the CNS is affected in HIV-infected patients (92-95).  

Injury to the brain due to HIV viral replication and immune activation leads to HIV-

associated neurocognitive disorders (HAND). Though HIV does not infect neurons (96, 

97), infected cells including microglia express and release neurotoxic substances such as 

viral proteins and immune mediators, which further activate other adjacent cells and 

damage neurons. The pathognomic features in HIVE include multinucleated giant cells, 

microglial nodules, perivascular cuffing and gliosis (98). Excitotoxicity and immune 
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activation are a few of the pathological processes causing neurotoxicity and may lead to 

HAND. Acute HIV infection leads to systemic acute retroviral syndrome in 70% of the 

patients. However, the majority of HIV+ individuals are neurologically asymptomatic 

(99-101).  HAND includes a spectrum of cognitive syndromes ranging from the less 

severe asymptomatic neurocognitive impairment (ANI) and mild neurocognitive disorder 

(MND) to the most severe HIV-associated dementia (HAD) (102). Although the 

incidence of severe cognitive impairments in HIV has decreased, several clinical studies 

have demonstrated that many patients with HIV have cognitive impairments that range 

from mild to HIV-associated dementia (89, 103-105). 

 

Several animal and human studies have suggested that acute early infection sets 

the stage for CNS disease (102, 106-108).  Comorbid conditions such as Hepatitis B or C, 

aging, and depression may also contribute to HAND. Some of the risk factors for HAND 

include host factors such as vascular disease, genetic predisposition and metabolic 

disorders. Effective treatment with highly active antiretroviral therapy (HAART) and 

combination antiretroviral therapy (cART) have reduced the incidence of HIVE, HAD 

and other CNS opportunistic infections (89). The CNS penetration effectiveness (CPE) 

scores of the antiretrovirals also impact the incidence and severity of neurodegeneration 

in HIV. Although, biomarker and neuroimaging data provide sufficient information on 

the presence of neural damage (109, 110), the issue of having increasingly asymptomatic 

patients with neurocognitive disorders is a major concern in identifying and effectively 

managing patients with neurocognitive impairments in HIV. Along with physical and 

emotional health, quality of life, employment and socio-economic status are affected for 
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people with HIV CNS disease. Hence, current research in HIV is focused on identifying 

biomarkers to aid in early diagnosis for efficiently managing Tauopathy-associated 

neurotoxicity in HIV.  

 

Current Research in HIV CNS Disease 

In HIV, it is important to study both HIV-related CNS disease and CNS 

biomarkers to understand the combined effects of pathology, systemic infection, immune 

system and ART. Since HIV is a compartmentalized disease, HIV might still be active in 

the CNS in patients receiving and responding to systemic therapy. Despite ART 

adherence, some patients do not have a favorable response to therapy as evidenced by 

persistent plasma and CSF viral load and unimproved blood CD4+ counts. While host 

cell CD4+ receptor and co-receptors such as CXCR4 and CCR5 regulate HIV infection, 

changes in preferences for use of CXCR4 or CCR5 regulate the plasma and CSF viral 

load throughout the course of the disease hindering effective management of HIV CNS 

disease due to repeat CNS HIV infections (111-114).  Furthermore, the expression levels 

of these cytokine and chemokine receptors, interactions between viral proteins and 

neurotrophic factors or neuroinflammatory molecules also influence HIV-mediated 

neurotoxicity (115-118).  A number of neuroimaging studies, and cytokine biomarker 

studies have suggested the influence of neuroimmune activation in acute and early HIV 

infection as the reason for CNS HIV disease (109, 110).  Moreover, since the CNS is 

affected very early in the disease, even before the initiation of ART, the toxic effects of 

viral replication, viral proteins and inflammation on brain may be irreversible (102). 

Another factor influencing the management of HIV CNS disease is the use of 
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antiretroviral agents (ARV) that effectively cross the BBB to promote CNS viral 

suppression. In this regard, currently ARVs with better CPE scores are included in ART 

regimens (119). Although neurocognitive disorders in HIV may be multifactorial, it is 

very important to identify the disease severity and administer antiretroviral therapies at an 

earlier stage of the disease, such as introducing ART at higher CD4+ counts (120). 

Therefore, we addressed the potential significance of PINCH in the brains and CSF of 

HIV patients.  

 

Several studies indicate that there is a good virologic response to antiretroviral 

therapy (89, 121). Therefore, providing substantial neuroprotection from either the 

deleterious effects of HIV or antiretroviral therapy has become the focus of current 

management of HIV+ individuals. This has also expanded into identifying methods that 

enhance neuroprotection in the presence of low-grade HIV replication and a strong 

immune response. Furthermore, CSF provides a unique and repeatable system to monitor 

progression of CNS pathology and examine response to therapy. Additionally, the focus 

of some HIV research has also shifted to identifying biomarkers for early detection of 

neurotoxicity or neurodegeneration. To assess the CNS disease progression and 

identification of relevant CNS biomarkers, it is also important to consider the influence of 

antiretroviral regimens in these patients. In this context, earlier studies performed in the 

Langford laboratory reported associations between PINCH and HIV-associated CNS 

disease (7-9, 122). Thus, we examined the relationship between immune system and 

PINCH in the brain and CSF in HIV to help aid in effectively evaluating CNS disease 

progression and treatment efficacy in HIV-infected patients.  Decreases in morbidity and 
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mortality, improved quality of living, increases in longevity and rapid aging in HIV+ 

patients on ART have shifted the focus of HIV research into investigating age-related 

HIV CNS disease. In this context, PINCH is shown to be associated with age-related 

diseases. Therefore, we investigated the significance of PINCH in age-related CNS HIV 

disease progression. 

 

Tat  

Structure and Functions 

 In the context of HIV infection, numerous viral proteins contribute to CNS 

alterations and neuronal damage. The HIV protein Tat is a transcription factor 

transactivator important for HIV replication in replicative cells such as T cells, 

macrophages and microglia. Importantly, the Tat protein is produced and released from 

infected cells and can enter neurons to cause neurotoxicity by altering multiple signaling 

pathways in a HIV replication-independent manner (123, 124).  Tat has 2 exons, exon 1 

has 1-72 amino acids, and exon 2 has 73-101 amino acids. The structure of Tat is 

important as different regions of Tat bind selected proteins producing different effects on 

the neuron. For example, Tat contains the highly conserved Arg-Gly-Asp (RGD) tri-

peptide sequence in exon 2 that binds to neuronal α/β integrins (125, 126) and residues 35 

through 38 in exon 1 interact with PP1 (64), where Tat promotes translocation of PP1 to 

the nucleus that leads to HIV replication in permissive cells including microglia and 

macrophages. Despite aggressive therapy with ARV, Tat production is not impacted and 

a significant amount of Tat protein is produced that induces neurotoxicity even in the 

absence of productive viral replication (127).  Tat also induces the production of the 
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cytokine TNFα in a feed forward manner resulting in aggravated neuronal dysfunction,  

(123, 124, 128-130) which is also known to play an important role in several 

neurodegenerative diseases including HIV. TNFα-mediated disruptions in the 

ILK/PINCH pathway are also reported in diseases in several systems including the CNS 

(128-130). 

  

Tat-Tau 

HIV does not productively infect neurons, however the interaction of Tat with 

integrin receptors likely impact intracellular pathways. Integrins bind to ILK that then 

phosphorylates kinases involved in aberrant hyperphosphorylation of Tau in several 

neuropathological diseases including HIV and AD. Importantly, Tat has been shown in in 

vivo and in vitro models to induce aberrant phosphorylation of Tau at residues commonly 

observed in HIVE (7, 131, 132). Several studies have also shown the aberrant formation 

of Tau upon exposure to Tat (131, 132). Although genetic predisposition is responsible in 

some cases of AD and other tauopathies, the influence of a number of environmental 

factors on the levels of extracellular signals surely affects the molecular topology of 

neurons leading to disturbances in specific signal transduction pathways involved in Tau 

phosphorylation and dephosphorylation. Hence, in this study we investigated the effects 

of Tat on neurons in the in vitro system to better understand the effect of Tat on 

downstream signaling pathways involved in hpTau formation.  
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PINCH- PP1α -Tat 

KFVEF binding motif in the LIM5 domain of PINCH1 directly binds the 

hydrophobic consensus motif, RVxF, termed PP1 binding motif, of PP1α and inhibits its 

activity. PP1α is an Akt1-regulating protein and its inhibition by PINCH leads to 

increased activity of Akt due to phosphorylation at S473, further leading to the inhibition 

of GSK3β activity by phosphorylating it at Ser 9 (18). Further, PP1α strongly regulates 

GSK3β action by dephosphorylating GSK3β (Ser9), which leads to GSK3β activation 

(87). As GSK3β is one of the important kinases involved in phosphorylating Tau, 

regulating its activity is vital for understanding the tauopathy-associated 

neurodegeneration in HIV (3). Thus PINCH-ILK signaling regulates Akt and GSK3 

activity through ILK-dependent and ILK-independent mechanisms. In HIV-infected cells, 

PP1α plays a significant role in up regulating HIV transcription. HIV viral protein Tat 

also interacts through its 35QVCF38-binding motif with PP1 (64). In addition to binding to 

PINCH, the RVXF domain of PP1α also binds Tat’s QVCF domain (amino acids 35-38), 

and Tat relies on this interaction for viral transcription (64). Tat promotes HIV 

transcription by recruiting Cdk9/cyclin Tl to phosphorylate RNA polymerase II (RNAII) 

(133-135). Furthermore in HIV permissive cells, when Tat binds PP1, it promotes the 

translocation of PP1 to the nucleus to regulate HIV transcription. In the nucleus, PP1 

either directly phosphorylates RNAII C-terminal domain or enables dephosphorylation of 

Cdk9 at Thr186 (64).  

 

Even though HIV does not infect neurons, Tat’s interaction with PP1 may affect 

ILK/PINCH signaling in a replication-independent manner. On the other hand, when 
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bound, PINCH inhibits PP1α. We have shown that exposure of neurons to Tat leads to 

increased levels of PINCH, ILK and hpTau, and to changes in subcellular localization of 

PINCH and ILK (7, 9).  Tat induces TNFα production (136-138) and our data show that 

like Tat, exposure of neurons to TNFα also increases levels and subcellular localization 

of hpTau, PINCH and ILK (7, 9).  Importantly, Tat and TNFα also activate GSK3β, 

thereby, contributing to hpTau. In conclusion, PINCH interacts with hpTau and several 

other binding partners that act on hpTau and probably modulates the formation and 

clearance of aberrant Tau formation. The potential interaction(s) among these pathways 

and the significance of PINCH in the brain and CSF of HIV patients are areas warranting 

more investigation. Additionally, there are multiple levels at which ILK-PINCH interact 

with PP1α. One such method is the inhibition of PP1 activity by ILK through activation 

of PP1 inhibitors such as c-kinase-activated PP1 inhibitor, 17kDa (CPI-17), kinase C-

enhanced PP1 inhibitor (KEPI) and phosphatase holoenzyme inhibitor (PHI), where they 

are phosphorylated at residues T38, T73 and T57 respectively (139). Furthermore, Qing-

Rong Liu et al have shown the presence of these PP1 inhibitors such as KEPI in every 

region of the brain and that they are present at diverse intensities in soma and processes. 

Based on these observations, we propose that there are several pathways through which 

Tat contributes to dysregulation of ILK/PINCH signaling that ultimately influence 

hpTau. Therefore, one of the primary goals of my dissertation work was to investigate the 

effects of Tat on neurons to better understand the downstream PINCH-ILK-PP1α 

signaling pathways involved in hpTau formation and HIV-associated neurocognitive 

disorders. Additionally, my thesis also investigated the significance of PINCH in brains 

and CSF of HIV patients with and without CNS disease. 
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Summary 

 As the human population ages, it is vital to understand the pathophysiology of 

neurodegenerative diseases to develop more effective therapeutic strategies to improve 

prognosis and decrease morbidity and mortality in HIV patients. A number of Tau-based 

therapeutic strategies including microtubule-stabilizing agents and inhibitors of hpTau 

formation are currently being designed to treat AD. Additionally, Tau assembly inhibitors 

are currently being investigated to overcome insoluble forms of Tau like oligomers, 

tangles, and fibrils. Furthermore, drugs targeting the proteasomal-degradation system are 

also being identified to increase the efficacy of the chaperone system in degrading 

aggregated hpTau (1, 140). As emerging therapeutics target intracellular kinases (141) 

examining interaction of ILK-PINCH with upstream factors and downstream kinase 

signaling proteins, is potentially transformative in informing kinase-based mechanisms in 

neurodegeneration. Furthermore, understanding the pathophysiology of CNS HIV 

infection in the presence of cART, changes in viral load and immune system status may 

improve clinical management and treatment strategies for HIV+ patients with 

neurological disorders. In this regard, PINCH and PP1α seem to play an important role in 

Tau-mediated pathogenesis and studying the relationship among all the different 

components of the proposed signaling pathway in the presence of Tat would essentially 

pave the way for an even greater understanding of the role of proteins, kinases, and 

phosphatases in tauopathies.  
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Hypothesis and Proposed Aims of the Study 

Understanding biochemical pathways in the pathogenesis of neurodegenerative 

conditions such as HIV is crucial for its early identification and new treatment 

development efforts, as these conditions are on the rise with an increasingly aging 

demographic worldwide. Potent ART has reduced the incidence of acute fatal HIV 

disease, but has increased both the life span and the prevalence of HAND. This increase 

in longevity brings a unique set of CNS complications including more rapid onset and 

progression of age-related diseases, loss of protein quality control and accumulation of 

aberrant proteins, such as hpTau. Data generated in the Langford laboratory shows that 

an adaptor protein, PINCH is significantly up regulated in neurons in HIV, AD, and FTD, 

all of which have a hpTau component of neurodegeneration. In normal conditions, 

PINCH is involved in cytoskeletal organization, cell migration and cell survival and 

interacts with several proteins such as PP1α and ILK. However, in neurodegenerative 

diseases, PINCH is robustly increased and mass spectrometry identified hpTau as one of 

the binding partners of PINCH. In agreement with our in vitro data, increased PINCH 

levels were detected in the brains and CSF of HIV patients. We proposed to investigate 

the significance of PINCH expression in HIV and its relevance to HAND. Research 

shows that PINCH binding to PP1α inhibits its phosphatase activity leading to enhanced 

Akt1 phosphorylation. Moreover, PP1α is an important phosphatase in de-

phosphorylation of Tau. Further, ILK, an important PINCH binding partner participates 

in key intracellular phosphorylation events such as phosphorylation of GSK3β, and Akt, 

key kinases involved in hyperphosphorylation of Tau. We hypothesized that PINCH 

plays an important role in abnormal Tau hyperphosphorylation by regulating PP1α 
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activity, and by participating in phosphorylation of key kinases. As emerging therapeutics 

target intracellular phosphatases and kinases, examining the possible role of ILK-PINCH-

PP1α interaction in Tau-mediated hyperphosphorylation is potentially transformative in 

informing phosphatase based and kinase-based mechanisms in neurodegeneration. 

Although HIV does not infect neurons, the HIV protein Tat enters the neurons to induce 

neuronal dysfunction and death. On the other hand, in HIV-infected cells, Tat binds to 

PP1α in the cytoplasm and promotes its translocation into the nucleus, where PP1α 

promotes HIV transcription in HIV permissive cells. Thus, our central hypothesis is 

that in neurons, Tat interferes with the normal functions of PINCH and PP1α 

causing increased hpTau formation and neuronal dysfunction in a replication-

independent manner. 

 

First, we investigated the role of the PINCH-signaling pathway in HIV-associated 

tauopathy.  We hypothesized that Tat contributed to HIV replication-independent 

neurotoxic effects in neurons by altering PINCH-mediated PP1α inhibition of 

Akt/GSK3β and PINCH-PP1α subcellular localization. To test our hypothesis, we 

investigated the mechanisms by which HIV Tat affected PINCH and PP1α signaling in 

neurons. Next, we investigated the effects of manipulating PINCH and PP1α on the 

PINCH-signaling cascade in the presence of Tat.  

 

 Next, the significance of changes in PINCH in the brains and CSF of HIV patients 

with HAND was addressed.  We hypothesized that PINCH was involved in aberrant 

hpTau formation that may contribute to impaired neuronal signaling and HAND. To test 
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our hypothesis the clinical significance of changes in PINCH and hpTau in CSF overtime 

and further assessed the clinical correlations of changes in PINCH and hpTau levels in 

brain were assessed.  

 

 Identifying new pathways of communication among Tat, ILK, PINCH and Tau 

will open new directions in the study of HIV-associated tauopathy and will provide 

opportunities for therapeutic interventions in age- and disease-related pathologies. Our 

studies are designed to test our hypotheses at biochemical, clinical and neuropathological 

levels that correlate to clinical parameters in HIV-infected patient populations. 

Understanding the pathophysiology of CNS HIV infection in the presence of cART may 

improve clinical management and treatment strategies for HIV patients with neurological 

disorders resulting in improved prognosis and quality of living. 
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CHAPTER 2 

MATERIALS AND METHODS 

 

* “ With permission from Springer Science + Business Media: <Journal of 

Neurovirology, Changes in PINCH and hpTau Levels in the CSF of HIV Patients 

Correlate with CD4 Count, 20 (4), 2014, 371-379, Adiga R, Ozdemir AY, Carides A, 

Wasilewski M, Yen W, Chitturi P, et al>.” Copyright license is included in 

Appendix A.  

 

Human Brain Tissue 

Human brain tissue was obtained from the National NeuroAIDS Tissue 

Consortium (NNTC) and the California NeuroAIDS Tissue Network (CNTN) in 

accordance with Temple University Human Subjects Protections and the Institutional 

Review Board. IRB approval is included in Appendix B.   

 

Tat Transgenic Mice and Stereotaxic Delivery of Lentivirus 

The Tat transgenic (GT-tg) mouse model was provided by Dr. Johnny He and has 

been previously described   (142). Temple University and University of California San 

Diego IACUCs approved all animal studies and procedures were conducted according to 

AAALAC guidelines.  These experiments were conducted in the laboratory of our 

collaborator, Dr. Eleizer Masliah at the University of California San Diego.  Tissues were 

sent to the Langford lab for Western analyses. All other data was generated at UCSD. 

Mice were given free access to food and water and were housed in a 12-hour light/dark 
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cycle in an animal facility with constant airflow, and controlled temperature (21–23°C).  

Three month old male and female conditional (tet-on) GFAP-Tat tg mice were used for 

this study.  Doxycycline (DOX) to non-transgenic (non-tg) or saline to non-tg or GT-tg 

were used as controls.  For experiments with the inducible Tat, low dose (100 mg/kg/day) 

DOX treatment was injected with the LV-shRNA at 3 months of age and after 1 month, 

treated with DOX for a period of 2 months; animals were analyzed at 6 months of age.  

The GT-tg conditional mice are bigenic crosses between GFAP-Tet and TRE-Tat, 

therefore, other controls included single tg mice as well as with non-tg mice treated with 

DOX and injected with the LV-shRNA, LV-shLuc, LVPINCH1 or LV-control.  The LV-

shRNA also express GFP and was used as positive control to verify the site of injection, 

size of the area affected, time course of activity of the shRNA cell types infected.  GT-tg 

and non-tg mice received stereotaxic injections of LV vectors LV-shPINCH 1+2 to 

knockdown PINCH, LV-shLuc (non-target control), LV-PINCH for PINCH1 

overexpression or LV-control.  Both PINCH1 and 2 LV shRNA are required to ensure 

complete knock down of PINCH because of compensation, as described previously (9) 

(143) (16) (144). GFP, empty and siLuc (control shRNA) LVs have been previously 

constructed and characterized (145). The LV shRNA-expressing PINCH1 and 2 were 

generated from short hairpin oligonucleotides under the control of the H1 promoter in the 

3rd generation LV (pSIH1) murine PINCH1 (NM_026148, 5’-

CCGGGCCAGTCTGTAAGAAGTGCTACTCGATAGCACTTCTTACAGACTGGCTT

TTTG-3’) and 2 (NM_144862, 5’-CCGGAGGGACTCTTCTA-CGAGTTTGCTCGA-

GCAAACTCGTAGAAGAGTCCCTTTTTTG-3’) target shRNAs were generated as 

previously described (9), (7). Murine PINCH1 (NM_026148, 4327 bp) cDNA was 
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subcloned from pcDNA3.1 into the 3rd generation self-inactivating LV with CMV-driven 

expression. Vector plasmids were packaged with 3 packaging plasmids by transfection in 

293T cells to generate LV-LV-PINCH1 as previously described  (145). Lentiviruses at 2-

5 X 107 TU/ul were delivered bilaterally to the hippocampus at AP-2.0 mm, lateral 1.5 

mm, depth 1.3 mm using a Hamilton syringe with a 30 gauge needle over 10 minutes 

(145) (146). Breeding protocol is included in Appendix C 

 

Cell Culture and Transduction 

SH-SY5Y neuroblastoma cells (ATCC® CRL-2266TM), a noradrenergic subclone 

of the SK-N-SY cells were maintained in a 1:1 ratio of Dulbecco’s Modified Eagle 

Medium: Nutrient Mixture F12 (DMEM/F12) (Invitrogen, Carlsbad, CA, USA) with 

10% fetal bovine serum (FBS) (Invitrogen) and 1% penicillin/streptomycin (Invitrogen).  

Neurons were transduced with adenovirus (Ad-null) or adenovirus-expressing Tat (1-86 

amino acids) (Ad-Tat) as previously described (147). In brief, Ad-null (Adeno-null, a 

virus without a transgene) or Ad-Tat were added to neuronal cultures at an MOI of 10.0 

plaque-forming units per cell (MOI = multiplicity of infection) and incubated for 48 h.  

Additional controls included un-transduced neurons and neurons transduced with Ad-

GFP to assess efficiency.  

 

Recombinant Adenoviruses 

 Tat cDNA (300bp) was excised from pcDNA3-Tat and was cloned into the EcoRI 

and NheI sites of the adenovirus-shuttle plasmid pDC515 under the control of the murine 

cytomegalovirus (CMV) promoter (Microbix Inc., Ontario, Canada). The pDC515 Tat 
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plasmids, recombinant shuttle plasmids with Tat sequences were transformed to obtain 

adenoviral vectors with Tat sequence (Ad-Tat) by transfecting them into HEK-293 cells. 

Control adenoviral vector was constructed using empty shuttle plasmid pDC515 (148).  

 

Expression Vector and Transfection 

To exogenously increase PP1α levels in neurons, we infected cells with 

pECFP(C1)-PP1α expression vector (Addgene plasmid 44233) inserted into the enhanced 

cyan fluorescent protein vectors [ECFP(C1)] with a CMV promoter. (149) Control vector 

only (pCMV6) was also used for transfections of SH-SY5Y cells and pCMV-RFP vectors 

were used for infection efficiency. Transfections were performed using Fugene-mediated 

gene (Promega, Fitchburg, WI), as described by the manufacturer. Forty-eight hours post-

infection, cells were either harvested or transduced with either Ad-Tat or Ad-null for an 

additional 48h. 

 

Cell Harvest and Protein Extraction 

 Cells were washed and collected in ice-cold 1x PBS. Cell suspensions were 

centrifuged at 14,000 rpm for 5 min at 4°C. Supernatant was discarded and the pellet was 

suspended in RIPA lysis buffer (50 mM Tris (pH 8.0), 150 mM NaCl, 1% NP40, 5 mM 

EDTA, 0.5% sodium deoxycholate, 0.1% sodium dodecyl sulfate) containing protease 

and phosphatase inhibitors (Sigma Protease inhibitor, Sodium Orthovanadate and Sodium 

Fluoride) for 30 min on ice with frequent vortexing for complete cell lysis, as described 

earlier (7, 9). These samples were centrifuged at 14,000 rpm for 15 min at 4°C. Next, the 
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supernatant containing protein was transferred into pre-chilled Eppendorf® tubes and 

stored at -80°C for future experiments.  

 

For fractionation studies, after collecting the cells as mentioned above, nuclear 

and cytoplasmic extracts from neurons were prepared using the NE-PER nuclear and 

cytoplasmic extraction kit (Thermo-Scientific), as described by the manufacturer (9). 

Following fractionation, nuclear and cytoplasmic fractions were stored at -80°C. Protein 

concentrations were determined using the BCA protein Assay (Thermo Fischer-

Scientific) as described by the manufacturer. 

 

Western Analyses 

Equal amounts of protein from in vitro cell cultures or mice brains were loaded 

onto pre-cast midi-gels (4-12% Bis-Tris; Invitrogen, Carlsbad, CA, USA), separated by 

electrophoresis and transferred onto nitrocellulose membranes (Bio-Rad, Hercules, CA).  

Membranes were blocked in 5% non-fat milk or bovine serum albumin (BSA) in Tris-

buffered saline, 0.1% Tween-20 (TBST) for 30 min followed by incubation with primary 

antibodies.  Primary antibodies included: anti-PINCH (1:1,000; BD, Rockville, MD), 

anti-PP1α (1:5,000; Abcam), anti-total ILK (1:1,000; Millipore), anti-pILK (1:1,000; 

Abcam), anti-pAkt (S473) (1:1000, Cell Signaling), total Akt (1:1000, Cell Signaling), 

anti-GSK3β (S9) (1:1000, Cell Signaling), anti-GSK3β (Y216) (1:1000, Abcam), anti-

total GSK3β (1:1000, Cell Signaling), and loading controls anti-GAPDH (1:1,000) 

(SCBT, Santa Cruz, CA, USA), anti-tubulin (1:5,000; Sigma-Aldrich) and anti-lamin 

A/C (1:1,000; Cell Signaling).  Briefly, anti-Tau antibodies included: HT7 against human 
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total Tau (1:1000, Thermo-Fischer), hpTau specific antibodies included phospho-S262 

and S396 (1:1000; Abcam).  Membranes were incubated for either 2 h at 23°C or 

overnight at 4°C, washed in 1X TBST, incubated with appropriate secondary anti-mouse 

or -rabbit antibodies (1:10,000; Thermo Scientific) for 1h, and developed with ECL 

Prime (Amersham Pharmacia Biotech, Piscataway, NJ).  Band intensities were calculated 

using ImageJ software and normalized to the loading control (150). 

 

Protein Extraction from Brain Tissue  

Proteins were extracted from frozen frontal cortex brain tissue from HIV positive 

individuals in the absence or presence of encephalitis. Tissues were homogenized in 

RIPA lysis buffer for 30 min, where Eppendorf® tubes were frequently vortexed for 

complete lysis (7, 9), and the supernatant containing protein was stored at -80°C for 

western analyses as described above. 

 

CSF Sample Processing and Western Blot Analysis  

CSF samples were stored at -80o C, thawed on ice and centrifuged briefly at top 

speed at 4oC to remove cell debris.  An equal volume (4ul) of each CSF sample was 

loaded per well onto 4–12% Bis-Tris pre-cast gels.  Samples were separated by 

electrophoresis and transferred onto nitrocellulose membranes (Bio-Rad) and assessed 

via western analyses as previously described for in vitro experiments. Primary antibodies 

included PINCH1 (1:1000, BD, Rockville, MD, USA), anti-Tau antibodies, S262 

(1:1000, Abcam) and S396 (1:1000, Abcam) their respective secondary anti-mouse 

IgG2a or anti-rabbit HRP (1:10,000, Thermo Scientific, Lafayette, CO) antibodies as 
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mentioned earlier. Densitometry was performed using 3D ImageJ software (150). To 

assess the potential correlation of PINCH with hpTau, CD4+ count, CSF and plasma HIV 

viral burden and CSF WBC count at each time point, fold change of PINCH was 

calculated as the ratio of the densitometry value for the second time point (T2) and the 

first time point (baseline, T1) represented as T2/T1.  Similarly, T3/T1 represents the fold 

change calculated as the ratio of the densitometry value for the third (T3) time point and 

the first (T1) time point (122).  

 

Immunohistochemistry and Microscopy 

Serial sections of formalin fixed paraffin embedded frontal cortex tissue were 

obtained from autopsy of CNTN participants with HIV no encephalitis, with HIV 

encephalitis and HIV negative controls. For mouse brain tissue, mice were euthanized 

and brains were removed and fixed in formalin for sectioning. All sections were 

processed in citrate buffer for antigen retrieval, rehydrated through ethanol to water, 

blocked with normal goat serum in 0.1% BSA, 1X PBS, and incubated with primary 

antibodies: anti-PINCH (1:200, BD), anti-PP1α (1:100, Abcam), anti-Neurofilament (NF, 

1:200, Covance), anti-CD68 (1:200, Dako), and anti-glial fibrillary acidic protein (GFAP, 

1:200, Abcam), overnight at room temperature in a humidified chamber, rinsed 3X in 1X 

PBS. For immunofluorescence, sections were incubated with secondary antibodies 

AlexaFluor 568 and 488 at 1:500 (Invitrogen) for 1 h at room temperature, mounted with 

Vectashield mounting medium containing DAPI (Vector Laboratories), cover slipped, 

and visualized with Leica Advanced Wide field imaging system (Leica Microsystems; 

Buffalo Grove, IL). Digital Olympus microscope was used to capture images of the 
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immunostained sections of transgenic and non-transgenic mice. Levels of 

immunoreactivity of Tat, PINCH, PP1 and hpTau were assessed using Image-Pro Plus 

program (Media Cybernetics). The average number of immunolabeled cells/mm2 and the 

average intensity of immunolabeling (corrected optical density) were computed for three 

sections for each case with 10 images examined per section, as described previously by 

our collaborator, Dr. Eleizer Masliah at the University of California San Diego (145, 

151). 

 

Immunocytochemistry 

For immunocytochemistry, cells were plated in 4-chamber slides and transduced 

with Ad-Tat or Ad-null for 48 h. After washing once with 1x PBS, cells were fixed with 

4% paraformaldehyde for 15 min at room temperature, and after washing with 1X PBS, 

0.1% Triton 100X was used as a detergent for 15 min to permeabilize cells. Next, cells 

were blocked with normal goat serum (Vector Laboratories) following which all the 

double immunofluorescence procedures were followed as above. Primary antibodies used 

include: anti-PINCH (1:200, BD), anti-PP1α (1:100, Abcam), anti-S262 hpTau (1: 200, 

Abcam), and anti-Tat (1:200, Immunodiagnostics).  

 

CSF Study Design and Participants (122) * 

 Temple University and UCSD Human Subjects IRB approved the study and a 

written informed consent was obtained from all study participants.  Longitudinal CSF and 

plasma samples were collected from 20 ambulatory HIV+ study volunteers between 1997 

and 2004 enrolled at the HIV Neurobehavioral Research Center, University of California 
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San Diego (UCSD), San Diego, CA.  Clinical and laboratory data from CSF and plasma 

for study participants are presented in Table I.  Mean age of participants was 39 years 

(range, 27-54 years) and included 12 Caucasians, 5 African-Americans, 1 Hispanic and 1 

participant of undetermined background.  All study participants received nucleoside or 

nucleotide reverse transcriptase inhibitors (NRTI), 12 participants received non-

nucleoside RTI (NNRTI), and 11 participants received protease inhibitors. For each 

participant, at least three samples were collected (first draw, baseline, T1), 33 (29-36) 

days from T1 (second draw, T2) and 96 (85-123) days from T1 (third draw, T3), where 

33 and 96 represent the median values for T2 and T3, respectively.  Values in parenthesis 

represent the first quartile and the third quartile range, respectively and depict the 

distribution of the middle 50% of the sample population.  Baseline (T1) CSF and plasma 

draws corresponded to either initiation of cART, or change in treatment regimen due to 

failure as indicated by one or more of the following parameters: increased plasma and/or 

CSF viral burden, plasma or CSF viral burden going from undetectable to detectable 

levels or a significant decrease in CD4+ count or a failure of CD4+ count to improve 

over time.  Plasma and CSF HIV viral load, CD4+ cell counts and CSF white blood cell 

(WBC) counts were obtained for most of the participants at each visit.  Classification of 

participants as virologic responders (n=17) or non-responders (n=3) was based on one log 

reduction of the plasma viral load from baseline (T1) at subsequent collections (T2 or 

T3).   

 

No history of CNS opportunistic infections including cytomegalovirus, 

toxoplasmosis, or JC virus with progressive multifocal encephalopathy was reported for 
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study participants.  Self-reported current and long-term substance abuse and dependence 

history for alcohol, cocaine and cannabis were obtained at the time of each visit for 9 

participants. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CSF and Blood Measurements (122) * 

Plasma and CSF HIV RNA levels (log10 copies/ml) were quantified using the 

Amplicor HIV-1 Monitor test with Ultrasensitive Specimen Preparation (Roche Molecular 

Systems, Pleasanton, CA).  The limit of detection was 50 copies/ml for CSF, 200 

Table 1: Summary statistics representing the median and 
interquartile range for plasma HIV RNA load, CD4 + count, and for 
CSF HIV RNA load, and CSF white blood cell count. As previously 
published by Adiga, et al. (2014), (122) *.  
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copies/ml for plasma and suppression of HIV RNA was defined as a decline in levels from 

detectable to undetectable (152). 

 

CPE Scores for Antiretroviral Medications (122) * 

CNS penetration-effectiveness (CPE) ranks were assigned to each component of 

CART as described by (120). The CPE rank was derived by dividing the sum of ranks 

assigned for each antiretroviral drug included in the patient regimen, by the number of 

medications.  Scores ranged from 1 to 4 with a higher score representing more effective 

penetration.  

 

CSF Neopterin ELISA (122) * 

CSF neopterin concentrations were analyzed as described the manufacturer using 

a commercially available sensitive enzyme-linked immunosorbent assay (Neopterin 

ELISA, IBL international GMBH, Hamburg, Germany). Cubic spline interpolation with a 

not-a-knot condition was used to calculate neopterin concentrations from optical density 

values of duplicate samples (http://www.akiti.ca/CubicSpline.html) (153). 

 

 

Case Matched Brain-CSF Study Design and Participants  

 Temple University Human Subjects IRB approved the study. Age-matched HIV 

positive post-mortem frontal cortex tissues from 36 HIV+ individuals were obtained 

including their clinical, biochemical and pathology reports. Additionally, CSF collected 

no more than 6 months before death and brain tissue from autopsy were available for 11 
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of these patients. Samples were obtained from the NNTC from participants belonging to 

each of the four groups (Table 2). Exclusion criteria included active CNS infections, 

cancers and other non-HIV-related CNS complications. To investigate if changes in 

PINCH and hpTau levels in the brain correlate with disease relevant patient 

characteristics, we stratified the participants based on neuropathology (HIVE – [n=27] or 

HIVE + [n=9]), cognition (normal [n=12] or impaired [n=24]) ≤ 6 months before death, 

where the numbers indicate the total number of participants in each category. Based on 

the neuropathology and cognitive status, there were four groups (Table 2). Table 2 also 

includes the total number of participants in each group. We also considered age (≤ 49 or 

≥50 y) at death in each of the four groups mentioned in Table 2 as a variable for assessing 

the effect of age on PINCH and hpTau levels.  

 

Additionally, we also stratified the participants into groups based on date of 

death: before 1996 (pre-HAART), between 1996-2005 (HAART), and 2006-present 

 
GROUPS NEUROPATHOLOGY COGNITION REPRESENTATION 

NEUROPATH/COGNITION
1 HIVE - NORMAL -/- (n=10) 

2 HIVE + IMPAIRED +/+ (n=7) 

3 HIVE - IMPAIRED -/+ (n=17) 

4 HIVE + NORMAL +/- (n=2) 

Table: 2: Different groups in the case-matched brain-CSF study. Patients 
were stratified based on neuropathology (HIVE- or HIVE+) and cognition 
(normal or impaired) into 4 groups. Groups are designated by numbers 1-4 in 
the left column. n represents the total number of patients in each group. 
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(cART) to assess the effect of the era of ART on PINCH levels and hpTau in brain. 

Individuals belonged to either HAART era or cART era and hence analyses were 

conducted between these 2 groups only. Based on the availability of the ART history 

(n=11), we also calculated the CPE score and its correlation to PINCH and hpTau levels. 

No history of CNS opportunistic infections including cytomegalovirus, toxoplasmosis, or 

JC virus with progressive multifocal encephalopathy was reported for study participants.   

 

Statistical Analysis  

 All in vitro data obtained in this study were collected using three independent 

samples. Data were analyzed using student t-test. All results were expressed as mean ± 

SEM. The differences were considered significant if p values were ≤ 0.05.  

 

Median values with interquartile range for plasma HIV RNA log, CSF HIV RNA 

log, CSF WBC count, CD4+ count for the three time points were computed to describe the 

distribution of the data.  Kruskal-Wallis one-way analysis of variance (ANOVA) test was 

conducted to assess the difference in mean values for PINCH across the time points and to 

assess the difference in mean values for PINCH between responders and non-responders.  

Spearman correlation co-efficient was computed for PINCH and hpTau (S262 and S396) 

in study participants.  Spearman correlation coefficients were also calculated to assess 

correlation between fold change of PINCH and HIV RNA values in CSF and plasma, as 

well as between PINCH and CSF WBC count.  Similarly, Spearman correlation 

coefficients were calculated to assess correlation between CD4 + count and fold change of 
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PINCH, and between CD4+ count and S262, and S396.  The α value for all the statistical 

tests was retained at 0.05 (122) *. 

 

Independent sample t-tests were conducted to study the differences in the mean 

values for PINCH and hpTau across the samples obtained from HIV+ individuals based on 

specific clinical characteristics: HIVE status (HIVE- or HIVE+), age at death (≤ 49y or 

≥50 y); date of death (HAART era or cART era), and CPE (CPE 2 or CPE 3). One-way 

ANOVA was used to determine difference in mean values for PINCH, and hpTau across 

the four groups (Table 2), and Tukey’s post hoc tests further helped in assessing pair-wise 

differences in the mean values of PINCH and hpTau across the four groups. Values of p ≤ 

0.05 were considered statistically significant. Statistical analyses were conducted using 

Prism 6 (GraphPad Software, Inc., San Diego, CA). 
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CHAPTER 3 

REPLICATION INDEPENDENT FUNCTIONS OF HIV-1 TAT AFFECTS 

PINCH AND PP1α INTERACTIONS 

 

Introduction 

Very early in disease, HIV affects the CNS and this insult occurs multiple times 

during the course of the disease (92-95). Although anti-retroviral therapy has reduced the 

incidence of severe dementia in HIV patients, multiple factors have contributed to an 

increase in mild cognitive impairments that affects the management and care, including 

the quality of life of HIV+ individuals (89, 103, 105). Viral proteins such as Tat, and 

inflammatory molecules such as cytokines and chemokines contribute to synaptodendritic 

dysfunction and neuronal toxicity (154-156). In HIV-infected cells of the CNS, the viral 

protein Tat is required for elongation of viral transcripts by association with the nascent 

RNA stem loop of the transactivation response (TAR) element (157, 158) and with 

several host cell kinases (159-162) to facilitate HIV transcription. In the CNS, 

macrophages infiltrating from the blood, microglia and to a lesser extent, astrocytes 

support productive viral replication.  However, since Tat is expressed early after proviral 

DNA incorporation into the host genome, infected cells produce and release Tat (163, 

164). Recent studies suggest that the production and release of Tat may not be controlled 

by anti-retroviral therapy (165). Even though HIV does not infect neurons, extracellular 

Tat is internalized by neurons, localize to the nucleus and can interact with numerous 

neuronal proteins to impact a variety of cellular processes. The serine/threonine-protein 
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phosphatase PP1 (PP1) is among the numerous host proteins to which Tat can bind, and 

is of particular interest for our studies (64).  

 

The regulatory domain of PP1 has several binding partners that regulate the 

activity and sub-cellular localization of PP1 (166). PP1α regulates Akt and GSK3β 

activity and can de-phosphorylate the microtubule binding protein Tau at residues 

associated with tauopathy (167). PP1α’s activity is regulated in part by its interaction 

with the PINCH protein (18). PINCH is composed of 5 double zinc finger LIM-domains, 

is non-catalytic, but is required for neuronal polarity and for proper functioning of ILK as 

previously reviewed (17). PINCH is expressed at low levels in healthy neurons but is 

significantly increased in the brains of HIV patients and in vitro in neurons exposed to 

Tat or to TNFα which are among those responsible for neuronal dysfunction and 

synaptodendritic disturbances in HIV (7-9, 154, 155, 168). Importantly, PINCH 

interactions with ILK are required to establish axon-dendrite polarity during development 

and to maintain neuronal polarity. PINCH has a short C-terminal tail containing putative 

nuclear localization and export signals (28, 29) and provides a framework for bi-

directional signal transduction between the ECM and the intracellular network via ILK 

(30). ILK binds to the LIM1 domain of PINCH in the intracellular compartment and to 

β1/β3 integrin at the cell surface to ensure proper communication among the 

cytoskeleton, focal adhesions and the ECM.  In the absence of PINCH, ILK cannot 

localize to focal adhesions (15, 19, 30, 34, 128, 169-171), hereby disrupting the 

cytoskeleton, and cell migration and attachment.  Additionally, Tat contains the highly 

conserved RGD tri-peptide sequence that binds to neuronal α/β integrins (125, 126) and 
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may interfere with PINCH-ILK signaling.  ILK inactivates GSK3β directly by 

phosphorylating Ser 9 and, like TNFα, indirectly by phosphorylating Akt and p38 

MAPK, which in turn phosphorylate GSK3β at Ser 9 (Figure 1A). On the other hand, 

ILK-independent, PINCH-dependent Akt activation occurs when PINCH binds to and 

inhibits the activity of PP1α (18). The KFVEF motif in PINCH’s LIM5 domain interacts 

directly with PP1α (18). In fact, PP1α stabilizes microtubules by maintaining the balance 

of Tau phosphorylation and dephosphorylation (53, 67). Moreover, PP1α can inhibit 

ILK-integrin signaling by associating with the β1 subunit (172). Thus, changes in levels 

of PINCH likely impact PP1α activity, ILK signaling and Tau phosphorylation. 

 

In addition to binding to PINCH, the RVxF domain of PP1α also binds Tat’s 

QVCF domain (amino acids 35-38), and Tat relies on this interaction for viral 

transcription (64). ILK is activated by PI3K and inhibited by ILKAP.  Upon loss of ILK 

activity as observed during ILKAP activation, GSK3β is phosphorylated at tyrosine 216, 

becomes active and phosphorylates Tau at residues corresponding to those detected in 

diseases including AD and HIVE (31, 32, 131, 132). Interestingly, ILK activates intrinsic 

PP1 inhibitors such as CPI-17, KEPI and PHI by phosphorylating them at residues T38, 

T73 and T57 respectively, thus establishing another layer of regulation of the PINCH- 

PP1α-Tat signaling in the neurons (139). 

  

 Thus, even though HIV does not infect neurons, Tat’s interaction with PP1α may 

affect PINCH/ILK signaling. We have shown that exposure of neurons to Tat leads to 

increased levels of PINCH, ILK and hpTau, and to changes in subcellular localization of 
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PINCH and ILK (7, 9). In this context, we hypothesized that replication-independent 

functions of Tat alter PP1α-PINCH-ILK signaling that may lead to increased Tau 

phosphorylation. 

 

Results 

 

PP1α is Increased in Neurons, and PP1α and PINCH Colocalize in HIVE Patients’ 

Brains 

Reports from an earlier study indicate that PINCH1 promotes cell survival after 

radiation in cancer cells by directly interacting with PP1α (18). PINCH1 directly binds 

PP1α through its RVxF (KFVEF) motif in the LIM5 domain to inhibit its activity, which 

enhances the levels of phosphorylation of Akt (Ser 473). Our earlier studies have reported 

the detection of PINCH primarily in neurons in HIV and other neurodegenerative 

diseases (7-9). Additionally, studies also show that Tat causes neurodegeneration in vitro 

and in vivo (142, 151, 173, 174). Since PP1α is abundantly present in brain, we wanted to 

identify the cell types expressing PP1α in HIV+ patients’ brains. Immunohistochemical 

analysis of frontal cortex brain sections of HIV negative, and HIV positive individuals in 

the presence or absence of encephalitis using anti-PP1α antibody, and anti-neurofilament, 

anti-CD68 or anti-GFAP antibodies to label for neurons, microglia or astrocytes 

respectively were conducted (Figure 4). Our results show for the first time that PP1α is 

increased in the brains of HIV patients, especially in HIVE brains (Figure 4). Similar to 

PINCH expressions in brains of HIV patients (7-9), PP1α is also expressed primarily in 

neurons (Figure 4A-C) and to a lesser degree in astrocytes and microglia (Figure 4D-I).  
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Figure 4: PP1α levels are increased and co-localize in neurons in HIVE patients. 
Double immunofluorescence labeling of PP1α (red) and neurofilament (green), 
colocalization (yellow) in frontal brain sections from A) HIV encephalitis + (HIVE), 
B) HIV + with no encephalitis and C) HIV negative cases. Scale bar ~ 40 μm.  

	

Figure 4 (cont.): Double immunofluorescence labeling of PP1α (red) and 
CD68 (green), colocalization (yellow) in frontal brain sections from D) HIV 
encephalitis + (HIVE), E) HIV + with no encephalitis and F) HIV negative 
cases. Scale bar ~ 40 μm.  
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Next, co-localization studies were conducted using anti-PINCH and anti-PP1α 

antibodies to determine if PINCH and PP1α co-localize in HIV+ brains (Figure 5). 

Double immunofluorescence labeling showed increased levels of PINCH-PP1α co-

localization in HIVE+ brains. Furthermore, increased nuclear localization of PINCH and 

PP1α were also noted. Since PP1 binds to the HIV protein Tat in HIV permissive cells,  

(64) we next assessed the expression levels and patterns of PINCH, PP1α in HIV Tat 

transgenic mice. 

 

	

Figure 4 (cont.): Double immunofluorescence labeling of PP1α (red) and 
GFAP (green), colocalization (yellow) in frontal brain sections from G) HIV 
encephalitis + (HIVE), H) HIV + with no encephalitis and I) HIV negative 
cases. Scale bar ~ 40 μm.  
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PINCH, PP1α and hpTau are Increased in Tat Mice and Manipulating PINCH Levels 

Alters hpTau Detection in Tat Transgenic Mice 

To investigate the effects of Tat on PINCH and hyperphosphorylation of Tau in 

vivo, we used the well-described conditional doxycycline-responsive GFAP Tat-

transgenic (GT-tg) mice provide by Dr. Johnny (142). In this model, Tat is expressed by 

astrocytes under the control of the GFAP promoter making it highly relevant to address 

the effects of Tat on non-permissive neuronal cells.  As in HIV infection, Tat is produced 

by infected cells where it may be taken up by bystander neurons. First, 

immunohistochemical analysis were conducted on frontal brain sections of transgenic 

	

Figure 5: PINCH and PP1α levels are increased and co-localize in HIVE. 
Double immunofluorescence labeling of PP1α (red) and PINCH (green), 
colocalization (yellow) in frontal brain sections from A) HIV encephalitis + 
(HIVE), B) HIV+ with no encephalitis and C) HIV-negative cases. Scale bar ~ 40 
μm.  
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mice to investigate the effects of Tat on expression levels of PINCH, PP1α and hpTau. 

Mouse brains were labeled with anti-PINCH, anti-PP1α antibodies or anti-Tau 

antibodies. Quantification of pixel intensities revealed higher levels of PINCH, PP1α and 

hpTau in Tat-transgenic mice (GT-tg mice) compared to non-tg mice (Fig 6C-E). To 

confirm Tat protein expression in these transgenic mice, tissues were labeled using anti-

Tat antibodies and conducted quantitative analyses of pixel intensities (Figure 6B).  

Additionally, double immunofluorescence labeling of mice showed an increase in 

PINCH/PP1α, and PINCH/hpTau co-localization in GT-tg mice compared to that 

detected in non-tg mice (Figure 6A).  

 

 

	

Figure 6: PINCH, PP1α and hpTau levels are increased in Tat 
Transgenic mice.  
A) Double immunofluorescence labeling of non-transgenic and Tat-
transgenic mice brain sections with anti-PINCH (green), and anti-hpTau 
(red) or PP1α (red).  Quantitative representations of increased expression 
levels of Tat (B), PINCH (C), hpTau (D) and PP1α (E) in Tat-transgenic 
mice. These data were generated by our collaborators in the laboratory of 
Eliezer Masliah at UCSD. 
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These data indicate that Tat alters the levels of PINCH, PP1α and hpTau in mice. 

Furthermore, our recent in vitro data reported a reduction in okadaic acid-induced hpTau 

formation after PINCH knockdown in vitro (7). Therefore, in this study we investigated 

the effects of in vivo manipulations of PINCH expression levels on hyperphosphorylation 

of Tau in Tat-tg mice. 

 

In this regard, GT-tg mice and non-tg mice received stereotaxic injections of LV-

PINCH1 for overexpression of PINCH or LV-control to assess the effects of PINCH 

overexpression on hpTau levels in these mice. To confirm PINCH1 overexpression in 

these mice, immunohistochemical labeling for PINCH as well (Figure 7B and C). 

Lentiviral overexpression of PINCH1 (LV-PINCH1) in GT-tg mice induced aberrant 

hpTau formation (Figure 7) as seen on western analyses, (Figure 7A) and 

immunohistochemical analysis (Figure 7B and D). Western analysis showed that higher 

levels of hpTau were detected in GT-tg mice receiving LV-PINCH1 injections compared 

to the control GT-tg mice that received LV-control injections (Figure 7A). Next, frontal 

brain sections were immunolabeled with DAB staining using antibodies against PINCH, 

hpTau and Tat. Quantification of optical density showed that PINCH1 overexpression 

increased levels of hpTau in GT-tg mice (Figure 7B, and D). Additionally, PINCH was 

silenced using stereotaxic injections of LV-shPINCH1/2 in the Tat transgenic mice. As 

described previously, because of compensation, both PINCH1 and 2 LV shRNA were 

used to completely knockdown PINCH (9, 16, 143, 144). PINCH knockdown 

experiments in the GT-tg mice provided further evidence for the role of PINCH in 

aberrant hpTau formation in HIV and also confirmed our in vitro results published earlier 
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(Figure 2) (7). Western analyses (Figure 7A) and DAB staining (Figure 7B-D) were 

conducted on the GT-tg mice with or without PINCH knockdown. Knocking down 

PINCH decreased Tat-induced aberrant formation of hpTau in GT-tg mice receiving LV-

shPINCH1/2 injections compared to control GT-tg mice receiving LV-shLuc alone 

(Figure 7).  

 

 

 

 

 

 

 

 

 

 

 

	

Figure 7: PINCH alters hpTau levels in Tat transgenic mice.  A) 
Representative immunoblots comparing levels of PINCH and hpTau in Tat 
transgenic mice after overexpression of PINCH with LV-PINCH1 or LV-control, 
and comparing levels of PINCH and hpTau in Tat transgenic mice after 
knockdown of PINCH with LV-shPINCH1/2 or LV-shLuc. B) 
Immunohistochemical analysis with DAB staining of Tat transgenic mice brain 
tissue comparing levels of PINCH and hpTau in Tat transgenic mice after 
overexpression of PINCH with LV-PINCH1 or LV-control, and comparing levels 
of PINCH and hpTau in Tat transgenic mice after knockdown of PINCH with LV-
shPINCH1/2 or LV-shLuc C, D) Quantitative representations of PINCH (C) and 
hpTau (D) immunoreactivity from DAB staining.  Panels A-D data were 
generated in the laboratory of our collaborator Eliezer Masliah at UCSD. 



	 49

 

These data further point to the role of PINCH in aberrant hpTau formation in CNS 

HIV disease. Since we found that PP1α is expressed primarily by neurons in HIV patients 

and manipulations of PINCH expression levels in Tat transgenic mice altered hpTau 

levels, we next investigated the effect of Tat on neurons in vitro.  

 

HIV Tat Increases PINCH, PP1α and hpTau Levels in Neurons and Changes the 

Subcellular Localization of PINCH in Neurons 

 In agreement with previous in vitro studies, Tat increases PINCH levels (8, 9). In 

HIV permissive cells, Tat promotes the translocation of PP1 to the nucleus to promote 

HIV transcription (64). Furthermore, the activity and subcellular localization of PP1 is 

dependent on its binding partners such as Tat and PINCH (18, 64). In this regard, 

PINCH, a LIM domain only containing adaptor protein not only binds PP1 to inhibit the 

activity of PP1, but it also possesses nuclear localization and export signals (17). Also, 

based on our results in human HIV brain sections (Figures 1 and 2), our next set of 

experiments was designed to assess the effects of Tat on the subcellular localization of 

PINCH and PP1. For this, we transduced neurons for 48h with adenovirus expressing Tat 

and conducted subcellular fractionations on Adeno-null (Ad-null) and Adeno-Tat (Ad-

Tat)-transduced cells (Figure 8A-E).  

 

After subcellular fractionations of neurons into cytoplasmic and nuclear fractions, 

western analysis with anti-PINCH and anti-PP1α antibodies was conducted. Tat 

significantly increased nuclear PINCH levels in Ad-Tat-transduced cells (Figure 8A, B). 
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Although there was an increase in nuclear PP1α levels, this increase was not statistically 

significant (Figure 8A, C). Interestingly, Tat decreased the levels of PINCH and PP1α in 

the cytoplasm, although not to statistically significant levels (Figure 8A, D and E).  This 

may suggest that Tat promotes nuclear translocation of PINCH and PP1α in neurons and 

thus lowers their levels in the cytoplasm, but further investigations need to be conducted 

to assess potential biological significance.  

 

 

Figure 8: Tat increases PINCH and hpTau levels, and alters sub-cellular 
localization of PINCH in neurons. A) Representative Western blots of 
cytoplasmic and nuclear fractions of neurons transduced with adenoviral null 
(AD-null) (control) or adenoviral Tat (Ad-Tat). B) Quantification of protein 
expression levels of PINCH and C) PP1α relative to Lamin in nuclear 
fractions. D) Quantification of protein expression levels of PINCH and E) 
PP1α relative to Tubulin in cytoplasmic fractions. Results are from three 
separate experiments and * p<0.05 by student t-test.	
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Next, immunocytochemistry was conducted on Ad-Tat or Ad-null-transduced 

neurons to investigate further the effects of Tat on the subcellular localization of PINCH 

and PP1α. The expression of Tat in Ad-Tat-transduced neurons was confirmed by 

labeling with an anti-Tat antibody (Figure 8F). As shown in Figure 8, when neurons were 

transduced with Ad-Tat, the subcellular localization of PINCH and PP1α was altered. 

There were increased levels of nuclear PINCH and PP1α in Tat-treated cells, with 

increased PINCH/PP1α colocalization (Figure 8F and H). Additionally, we observed that 

in Ad-null-transduced, the patterns of PINCH appeared to resemble focal adhesion 

complexes (Figure 8G, H). Since Tat induced PINCH and PP1α in neurons, and hpTau in 

mice, we next investigated the effects of Tat on some of the kinases involved in aberrant 

hpTau formation.  

 

 

 

	 	

Figure 8 (cont.): F) Double immunofluorescence labeling of PP1α (green) and 
Tat (red), colocalization (yellow) in neurons transduced with Ad-Tat. Double 
immunofluorescence labeling of PP1α (green) and PINCH (red), colocalization 
(yellow) in neurons transduced with G) Ad-null or H) Ad-Tat.  
Scale bar ~ 40 μm. Tat in the nucleus (arrow) and PINCH/ PP1α colocalize at 
regions reminiscent of focal adhesion complexes (arrowhead).	
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Tat Alters the Kinases Involved in hpTau Formation 

Given that alterations in levels and activity of phosphatases and kinases are 

involved in aberrant hpTau formation (51-53, 71), we assessed the effects of Tat on its 

downstream targets. Previous studies have shown that GSK3β is one of the important 

kinases involved in phosphorylating Tau, including in neurodegenerative diseases such as 

AD (3, 167). In this regard, ILK, a binding partner of PINCH phosphorylates Akt at S473 

and GSK3β at Ser9 and indirectly may participate in aberrant Tau phosphorylation. Akt 

also phosphorylates GSK3β at Ser9 (Figure 1) (31, 32, 175). Furthermore, recent study 

reported an ILK-independent regulation of pAkt levels by PINCH through its interactions 

with PP1α (18). Also, PP1α is one of the primary phosphatases regulating Tau 

phosphorylation levels and it’s binding to microtubules (53). Since all of these data point 

to a role for PINCH in hpTau formation, we conducted our next set of experiments to 

investigate the effects of Tat on levels of ILK, pAkt, pGSK3β and hpTau. While the 

active form of GSK3β is phosphorylated at Tyr 216, which participates in Tau 

phosphorylation, the inactive form of GSK3β is phosphorylated at Ser9 (31).  

 

We transduced SH-SY5Y cells with AD-Tat or Ad-null for 48h, and conducted 

western analyses. Our western analyses data show that Tat decreased the levels of pILK 

(Figure 9A and B), pAkt (S473) (Figure 9A and C) and pGSK3β (S9) (Figure 9A and D) 

in Ad-Tat-transduced neurons. Tat did not alter the levels of pGSK3β (Y216) (Figure 

9D). Additionally, western analyses using antibodies against Tau residues phosphorylated 

at S262 and S396 showed increased hpTau levels in Tat-transduced neurons (Figure 9A, 

E, F).  These results further support our hypothesis that Tat may alter the kinases 
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upstream of Tau hyperphosphorylation that either directly or indirectly associates with 

PINCH/PP1α to promote Tat-induced hpTau formation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

	 	

Figure 9: Tat alters the kinases in the ILK-PINCH signaling pathway 
leading to aberrant hpTau formation. A) Representative Western blots of 
neurons transduced with adenoviral null (AD-null) (control) or adenoviral Tat 
(Ad-Tat). B-F) Quantification of protein expression levels of B) pILK/Total 
ILK, (C pAkt/Total Akt (S473), D) pGSK3β (Ser 9)/Total GSK3β, and E, F) 
Tau residues S262/Total Tau (E) and S396/Total Tau (F) relative to the loading 
control Tubulin. Results are from 3 separate experiments and * p<0.05 by 
student t-test.  
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Additionally, immunocytochemical analysis also showed that Tat increased 

hpTau levels and PINCH/hpTau co-localization in neurons transduced with Ad-Tat 

(Figure 9G and H). Since Tat altered the levels of the kinases involved in hpTau 

formation and PINCH-PP1α appear to play a role in regulating the activity of these 

kinases, future studies performed in the Langford laboratory are currently focused on 

manipulating expression levels of PINCH and PP1α in vitro, to investigate mechanisms 

that may contribute to Tat-induced aberrant hpTau formation. In this regard, using PP1α 

expression vector, we next investigated the effects of manipulating expression levels of 

PP1α on Tat-induced aberrant hpTau. 

 

 

 

 

 

 

 

 

 

 

PP1α overexpression dose not affect PINCH levels, but decreases Tat-induced aberrant 

hpTau 

To assess the impact of manipulating levels of PP1α we utilized an expression 

vector for PP1α and data showed that overexpressing PP1α does not effect PINCH levels, 

		 	

Figure 9 (cont.): G-H) Double immunofluorescence labeling of PINCH 
(red) and hpTau (green), colocalization (yellow) in neurons transduced 
with G) Ad-null or H) Ad-Tat. Scale bar ~ 40 μm. 
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but reduces hpTau via pGSK3β. For these studies, we transfected neurons with the ECFP 

(C1) PP1α plasmid for 48 h prior to treating with Tat (149). PP1α overexpression did not 

alter the levels of PINCH, but altered the levels of pGSK3β (Figure 10C) and hpTau 

(Figure 10D) in Tat-transduced neurons. While PP1α overexpression did not have any 

effect on pAkt levels (Figure 10B), levels of pGSK3β (S9) were decreased, and Tat 

further decreased the levels of pGSK3β (Figure 10C). Importantly, overexpression of 

PP1α decreased Tat-induced aberrant hpTau formation (Figure 10D).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: PP1α overexpression does not affect PINCH levels, but 
decreases Tat-induced aberrant hpTau. A-D) Quantification of protein 
expression levels of A) PP1α, B) pAkt/Total Akt (S473), C) pGSK3β (Ser 
9)/Total GSK3β and D) S396/Total Tau relative to the loading control GAPDH 
in neurons transduced with adenoviral null (AD-null) (control) or adenoviral Tat 
(Ad-Tat). Results are from 3 separate experiments and * p<0.05, ** p< 0.0001 
by one-way ANOVA with Tukey-Kramer post-hoc analyses. 

A B

C D
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Discussion 

Several important cellular functions are regulated by protein-protein interactions 

and if these interactions include changes in kinase or phosphatase activity, then 

regulation of multiple cellular processes including signaling cascades may be significant. 

These interactions may lead to transcriptional or translational regulation, participation in 

cell death processes or may contribute to disease pathology or affect treatment efficacy 

(18, 64, 151). Hence, this study aims to address if the interactions between PINCH, PP1α 

or Tat contribute to hyperphosphorylation of Tau in the CNS HIV disease.  

 

The results from the present study show that HIV-1 Tat increases PINCH, PP1α 

and hpTau levels. Tat also alters the subcellular localization of PINCH and PP1α in 

neurons. Furthermore, Tat alters the levels of kinases upstream of Tau such as ILK, Akt 

and GSK3β that participate directly or indirectly in aberrant hpTau formation. 

Additionally, data shows that manipulations of expression levels of PINCH in Tat-tg 

mice regulate hyperphosphorylation of Tau. Overexpression of PINCH1 induces hpTau 

in GT-tg mice, while knockdown of PINCH1/2 reduces the Tat-induced aberrant hpTau 

formation. These results further provide evidence of a possible role for PINCH in 

tauopathy-associated neurodegeneration in HIV. Moreover, earlier studies from the 

investigators working in the Langford laboratory report that higher PINCH levels were 

detected in neurodegenerative diseases such as HIVE, AD, and FTD (7-9). Furthermore, 

it was also reported that PINCH and hpTau bind in the CSF and brains of these 

individuals (Figure 2) (7). Additionally, silencing PINCH decreased OA-induced hpTau 
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formation in vitro (Figure 3) (7), thus supporting our hypothesis that PINCH may play a 

role in hpTau formation in HIV.  

 

One of the significant findings of this study is the identification of a novel-

signaling pathway that may be involved in aberrant hpTau formation. This pathway also 

provides the starting point for identifying the contributions of numerous protein-protein, 

kinase-substrate or phosphatase-substrate interactions in Tat-mediated 

hyperphosphorylation. In this regard, we report that Tat increased the levels of PINCH 

and PP1α, thereby influencing their interactions in neurons. Eke et al., reported that 

PINCH and PP1α interactions in cancer cells regulated the phosphatase activity of PP1α, 

thus providing evidence for PINCH-mediated, ILK-independent, Akt-induced cell 

survival (18). In our current study, we show that PP1α levels were increased in the brains 

of HIVE patients, primarily in neurons. These finding were similar to the PINCH 

expression levels and patterns reported in neurons and HIVE+ brains (7-9). Also, 

increased co-localization of PINCH and PP1α were detected in HIVE+ brains and 

increased nuclear localization of PINCH and PP1α were also observed in these brains. 

Furthermore, similar results were observed in Tat transgenic mice. Another important 

finding contributing to our proposed signaling pathway is the effect of alterations in 

PINCH expression levels on hpTau in Tat-tg mice. Also, our in vitro studies report that 

Tat alters the levels of some of the kinases such as pILK, pAkt (Ser 473) and pGSK3 

(Ser9) involved in aberrant hpTau formation. These kinases are either directly or 

indirectly associated with PINCH-PP1α, thus suggesting that these interactions among 
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several proteins need further investigation to assess their significance in CNS HIV 

disease. 

 

Tat induced alterations in the subcellular localization of PINCH and PP1α is a 

significant finding that may be important to further identify mechanisms through which 

PINCH regulates hpTau formation in HIV disease. A transcriptional role for PINCH is 

not yet defined, although PINCH is a LIM-domain only containing protein, it has both the 

nuclear localization and export signals (17, 175). Furthermore, PINCH’s binding partner 

PP1α, in addition to dephosphorylating Tau and certain kinases participating in Tau 

phosphorylation (53, 87), also participates in the phosphorylation-dephosphorylation 

events of the c-terminal domain of RNAP II (176). Moreover, it also regulates the activity 

of phospho-CREB (cyclic AMP-responsive element binding protein), which mediates 

gene transcription of Brain derived neurotrophic factor (BDNF) and is important for 

synaptic plasticity and long-term memory (177, 178). Thus, investigating the increases in 

nuclear PINCH and PP1α is important to understand numerous processes that may lead to 

alterations in the pathophysiology of HIV disease, especially neurodegeneration.  

 

 Based on these observations, we propose that are several pathways through which 

Tat may contribute to dysregulation of ILK/PINCH signaling that can ultimately 

influence hpTau.  Tat is reported to lead to TNFα production (137, 138, 179) and data 

generated in the Langford laboratory show that like Tat, exposure of neurons to TNFα 

also increased levels of hpTau, PINCH and ILK (7, 9). Exposure of neurons to the TNF 

neutralizing antibody blocked induction of PINCH, confirming TNFα’s role (9). 
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Therefore, there appear to be TNFα dependent (Tat-independent) mechanisms through 

which PINCH is induced and also that Tat and TNFα activate GSK3β, thereby 

contributing to hpTau. Thus, TNFα may have influenced our results and is one of the 

potential limitations of the study. We have partially attempted to address these concerns 

by using the inducible GFAP-Tat transgenic mice. Furthermore, ongoing studies to 

address these concerns are using the inducible GFAP-Tat transgenic mice. The inducible 

GFAP-Tat tg-mouse model used is appropriate for studying the role of Tat in CNS HIV 

disease since neurodegeneration and neurotoxicity in these mice closely resemble that 

seen in HIV+ patients (142). Moreover, Tat was also reported to increase 

neurodegeneration in vivo and in vitro (142, 151, 173, 174). Our future studies will assess 

the synergistic role of Tat and TNFα in PINCH and hpTau induction through our 

proposed PINCH-PP1α signaling cascade. Another limitation of the study is the lack of 

detection of Tat-induced alterations in the levels of pGSK3β Y216, the active form of 

GSK3β involved in hpTau formation. As noted in earlier studies, kinases such as Cdk5 

(3) and PP2A are involved in phosphorylating Tau (180) and hence their role in Tat-

induced hpTau formation cannot be ignored. 

 

 The study was further limited due to the use of adenoviral Tat in investigating the 

effects of Tat in neuronal cell lines. In adenoviral-Tat transduction studies, Tat is 

produced within the cell to influence different cellular processes and signaling pathways 

to induce neurotoxicity. These results may not be indicative of the effects of Tat in HIV 

infections. In HIV patients, Tat produces an outside-in phenomenon, where Tat released 

by HIV permissive cells, enters the neuron through selected receptors such as low density 
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lipoprotein–like receptor (LRP) or integrin and produce downstream effects, similar to 

that seen in vitro with recombinant Tat (rTat). Hence, our future experiments will include 

using rTat to evaluate the role of integrins in regulating the proposed PINCH-ILK 

signaling cascade in hpTau formation.  

 

 Heat shock proteins (HSP) provide another link for potential interactions between 

PINCH and PP1 that may regulate the levels of hyperphosphorylation of Tau. Mass 

spectrometry conducted by investigators in the Langford laboratory also predicted the 

interactions between PINCH and with members of heat shock response. In vitro studies 

showed that PINCH bound to E3 ubiquitin ligase, carboxy-terminus of heat shock-70 

interacting proteins (CHIP) (7). Interestingly, several studies report the role of CHIP, heat 

shock protein 70 and 90 (HSP70, HSP90) in regulating hpTau formation (181-184). In 

this regard, PP1 is shown to inactivate the heat-shock factors (HSF) by 

dephosphorylating it. The HSF-1 is an important transcriptional activator of HSP and 

regulates cellular stress and transcription of genes (185-187). Since, a relationship likely 

exists between PINCH-CHIP, and PP1-HSF; and these elements are involved in 

neurodegenerative diseases, this adds another layer of complexity to our understanding of 

the role of PINCH-PP1α interactions in the CNS HIV disease. Our future studies will 

focus on dissecting out the possibilities of a significant role for PINCH-PP1α interactions 

in heat shock response regulation and aberrant hpTau formation in the CNS HIV disease. 

Furthermore, in our current study, we report that manipulating the expression levels of 

PP1α alters Tat-mediated hpTau induction. Thus, by manipulating the expression levels 

of PINCH-PP1α in vitro, we propose to evaluate their role in neurodegeneration. 
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 Our current study may partially explain one mechanism involved in regulating 

Tat-induced hpTau formation. Nonetheless, future experiments should incorporate all the 

multiple layers involved in PINCH-PP1α interactions in evaluating the role of the 

PINCH-PP1α signaling cascade in aberrant hpTau formation. In conclusion, our study for 

the first time has identified a novel-signaling pathway that may be involved in aberrant 

hpTau formation in the CNS HIV disease. These results may also be translated into 

understanding the role of PINCH in other tauopathy-associated neurodegenerative 

diseases such as AD, epilepsy, fronto-temporal dementia and traumatic brain injury.  
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CHAPTER 4 
 

CHANGES IN PINCH AND hpTAU LEVELS IN THE CSF OF HIV PATIENTS 

CORRELATE WITH CD4 COUNT 

 

* “ With permission from Springer Science + Business Media: <Journal of 

Neurovirology, Changes in PINCH and hpTau Levels in the CSF of HIV Patients 

Correlate with CD4 Count, 20 (4), 2014, 371-379, Adiga R, Ozdemir AY, Carides A, 

Wasilewski M, Yen W, Chitturi P, et al>.” Copyright	license	is	included	in	

Appendix	A. 

 

Introduction 

Particularly interesting new cysteine histidine rich protein (PINCH), is an adaptor 

protein involved in cytoskeletal organization, cell attachment and survival (11, 28, 30), 

and is suggested to play an important role in neurodegenerative diseases including human 

immunodeficiency virus encephalitis (HIVE) and Alzheimer’s disease (AD) (7-9). 

PINCH1 protein consists of five LIM domains and has no catalytic activity (28-30). The 

expression of PINCH1 is essential during development for cell proliferation and 

migration, to maintain neuronal polarity and synaptodendritic connections, and knockout 

is embryonic lethal (27, 169). While PINCH is expressed at high levels during 

development and in disease, in healthy patients, PINCH is nearly undetectable.  In the 

brain, PINCH is upregulated in dystrophic neurons and is also present in brain 

parenchyma with no apparent association with cellular components (8, 9).  
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Hyperphosphorylation of Tau results in Tau’s dissociation from microtubules and 

mislocalization to the neuronal soma and dendrites.  Accumulation of 

hyperphosphorylated Tau (hpTau) is a common pathological feature of AD and is 

reported in HIV, as well (7, 131, 132). In this context, our recent data show that PINCH 

interacts with hpTau in HIV and AD patients’ brains and loses solubility along with 

hpTau (7). Moreover, we have shown that the HIV protein Tat and the cytokine TNF-α 

induce both PINCH expression and hpTau in human primary neurons in vitro (9). 

However, the significance of the presence of PINCH in the CSF and brains of HIV 

patients is currently unclear.  In this study, we investigated the significance of PINCH in 

brain and CSF of HIV patients to determine if correlations exist between levels of 

PINCH/hpTau and the patients’ clinical characteristics. We also assessed if patterns of 

PINCH and hpTau in case-matched CSF and brain suggested any relationship between 

pathology and detection of PINCH. 

 

Earlier studies conducted in the Langford laboratory categorized a group of HIV 

patients based on neuropathology: HIVE negative (HIVE-) and HIVE positive (HIVE+) 

and found that the HIVE+ group had significantly greater levels of PINCH in brain than 

the HIVE- group (8). While the incidence of HIVE has decreased with the use of highly 

active antiretroviral therapy (HAART) and combination antiretroviral therapy era 

(cART), the number of HIV patients suffering from HIV-associated neurocognitive 

disorder (HAND) has significantly increased (188). HAND includes a spectrum of 

cognitive syndromes ranging from less severe asymptomatic neurocognitive impairment 

(ANI) and mild neurocognitive disorder (MND) to the most severe, HIV-associated 
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dementia (HAD) (127). It is believed that numerous clinical parameters likely contribute 

to and correlate with changes in cognition. To assess CNS disease progression and to 

identify relevant indicators of changes in HAND, it is important to consider the 

antiretroviral (ART) regimens used by these patients because several studies report that 

ART may contribute to some aspects of HAND. Anti-retroviral drugs are divided into 

classes of drugs based on their action on the different stages of HIV life cycle. These 

include nucleoside/nucleotide reverse transcriptase inhibitors (NRTI), non-nucleoside 

reverse transcriptase inhibitors (NNRTI), protease inhibitors (PI), fusion inhibitors, entry 

inhibitors and integrase strand transfer inhibitors (ISTI)  (189). HAART and cART 

regimens are effective therapies and have demonstrated the reduction in the incidence of 

HIVE, HAD and CNS opportunistic infections. Furthermore, CSF provides in some 

cases, a unique system to monitor progression of CNS pathology and examine response 

to therapy. Before 1996, in the pre-HAART era, administration of ART was limited to 

one class of drugs which resulted in less effective therapy. HAART, which consists of 

combinations of two or more drugs generally from the same or two classes of drugs, was 

introduced in the mid-1990s and has significantly reduced the mortality and morbidity of 

HIV patients. In HAART and cART, three drugs from two different classes of ARTs are 

administered to reduce the risk of viral drug resistance. After a decade of HAART 

regimen, in 2006 anti-retroviral therapy was re-conceptualized as combination 

antiretroviral therapy (cART). Although a typical HAART regimen consists of 

combinations of drugs, they are administered as cocktails of drugs; but cART is 

administered as a monotherapy containing multiple combinations of drugs. In general, 

two NRTIs with an NNRTI, and/or a PI boosted with ritonavir are administered. Major 
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advantages of cART over HAART include better compliance, cost-effectiveness and 

reduction in the rate of complications associated with drug therapy such as premature 

aging. Thus, it is important to consider the influence of these three eras of therapy (pre-

HAART, HAART and cART) when investigating the significance of PINCH expression 

in brain and CSF of HIV patients to investigate PINCH’s role in the CNS of patients of 

today. In this regard, studies conducted to assess the relationship between levels of hpTau 

in CNS of HIV patients and the probability to predict the neurocognitive status have 

provided inconclusive results  (109, 190, 191). We examined several factors potentially 

responsible for neurodegeneration in HIV patients in the ART eras by investigating the 

relationship between PINCH, which also has a possible association with immune system 

function and aberrant Tau formation, viral load and CD4+ count. Additionally, the ability 

of ART to reach the CNS by crossing the blood brain barrier (BBB) is very important for 

effectively inhibiting viral replication. In this regard, several ART components are 

currently available that have increased CNS penetration effectiveness (CPE). CPE is a 

score ranging from 1-4 that is assigned to each of the antiretroviral drugs based on their 

ability to pass through the BBB to reach the CNS (119). The higher the CPE score, better 

the CNS penetration. In this context, we assessed the relationship between CPE scores 

and PINCH levels in CSF and brain in a cohort of HIV+ patients. 

 

Antiretroviral therapy causes a substantial decrease in immune activation, and an 

increase in CD4+ cell count, but recovery in HIV patients remains characteristic of 

immune senescence and is dependent on both CD4+ nadir and age at cART initiation  

(192, 193). Despite cART adherence, some patients do not have a favorable response as 
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evidenced by persistent virus in plasma and CSF and low blood CD4 + cell counts. In this 

context, immunosuppressed HIV, including immunological non-responders, have 

increased morbidity and mortality compared to HIV patients with more favorable 

immune responses. Furthermore, HIV patients with substantial immune recovery and 

optimal immune system functioning have life expectancies similar to those of HIV-

negative individuals  (194). Therefore, we examined the relationship between systemic 

immune response and PINCH in CSF to effectively evaluate disease-related CNS 

progression and treatment efficacy in HIV patients. Thus, these studies aimed to assess 

the potential significance of PINCH in brain and CSF in predicting the degree of CNS 

disease in HIV+ individuals (122). The relevance of plasma and CSF viral loads, and 

CD4+ count in HIV-associated neuropathology, prognosis and response to treatment has 

been extensively studied  (195-198). Numerous studies have addressed potential HIV-

associated CSF biomarkers that may be used alone or in combination to either predict 

CNS disease severity or to predict the progression of HIV CNS disease  (109, 199-202). 

Similarly, many studies have assessed changes in hpTau levels in CSF as a biomarker in 

AD, and more recently in HIV  (203). Although results from some reports are conflicting 

regarding CSF levels of Tau in HIV, most agree that elevations in CSF inflammatory 

factors persist through out disease.  For example, a recent review from Price et al. 

describes the value of CSF assessment to improve our understanding of the evolution 

HIV neuropathology as it relates to changes in immune system function  (204). 

Additionally, in AD, changes in neurodegenerative markers such as levels of CSF Tau 

and Amyloid β42 are reported to precede structural changes in the brain that are 

detectable by MRI or clinically as alterations in cognition  (205, 206). Therefore, reliable 
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neurodegenerative and neuroinflammatory biomarkers may be useful in predicting 

changes in disease progression in HAND, AD and other neurodegenerative diseases and 

may influence treatment plans for managing patients.   

 

Increased life expectancies of HIV patients have led to a tremendous growth in 

the population of older individuals living with HIV.  While ART is one of the major 

factors contributing to this phenomenon, both HIV infection and ART accelerate the 

aging process  (188, 207, 208). Antiretroviral therapy causes a substantial decrease in 

immune activation, and an increase in CD4+ cell count, but recovery in these patients is 

still characteristic of immune senescence and is dependent on both CD4+ nadir and age at 

cART initiation  (192, 193).  

 

Several studies report the early development of an “elderly immune system 

profile” in HIV patients resulting in a depleted naïve T-cell population, lymphoid tissue 

fibrosis and inverted CD4:CD8 ratio as previously reviewed  (209). Also, shortened 

telomeres in T cells are reported in both HIV+ patients and in aging HIV negative adults  

(210-212). Furthermore, results from MRI points to immune suppression as a key player 

in brain volume reduction in clinically stable HIV patients on cART, correlating with 

lower CD4+ nadir  (213). These studies suggest the significance of the immune system in 

accelerating aging in HIV patients. 

 

Despite cART adherence, some HIV patients do not have a favorable response as 

evidenced by persistent virus in plasma and CSF, and low CD4+ counts.  Early systemic 
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HIV infection establishes important processes including establishment of HIV reservoirs, 

and activation of the immune system (90, 91). This period is important for identifying 

processes responsible for establishing CNS infection and exploring methods through 

which the interplay between immune system and CNS disease could be enhanced to 

lessen disease pathogenesis. Although results from several studies show that HIV patients 

with a strong immune system have decreased morbidity and mortality compared to 

immunodeficient HIV patients  (194), studies investigating the possibilities of early 

infection leading to CNS HIV disease may be useful to reduce HAND. Hence, 

longitudinal studies and clinical trials exploring biomarkers to examine the relationship 

between immune system and HIV are essential to effectively evaluate age-related disease 

CNS progression and treatment efficacy in HIV patients.  Earlier studies report that 

although PINCH CSF levels are significantly elevated in all HIV patients, CSF levels of 

PINCH are significantly higher in HIV patients without encephalitis compared to those 

with HIVE (8), suggesting that changes in PINCH CSF levels may relate, in part to 

inflammatory status of the brain.  

 

In this study, we first assessed changes in PINCH levels in a cohort of HIV study 

participants from whom at least three CSF and plasma samples were collected over 7 

months. Our findings show that as CD4+ cell counts increase, PINCH levels in the CSF 

increase, as determined by increased levels from one time point to the next.  Likewise, 

changes in levels of CSF PINCH correlate with changes in CSF hpTau levels, but do not 

correlate with plasma or CSF viral burden. Next, we investigated if increases in 

PINCH/hpTau levels in brain were associated with pathology. Furthermore, we assessed 
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the correlation between PINCH/hpTau levels and CNS disease progression with other 

clinical parameters including age at death, year of death (different eras of ART) and CPE 

scores. Thus, understanding the pathophysiology of HIV infection of the CNS in the 

presence of cART, changes in viral load and immune system status may improve clinical 

management and treatment strategies for HIV patients with neurological disorders. 

 

Results 

Changes in PINCH Levels in HIV Participants’ CSF Over Time (122)  

  To assess CSF levels of PINCH after the initiation of cART or after a 

change in the cART regimen, samples from three different time points per patient were 

assessed by western analysis.  Distinct PINCH bands were detected at approximately 55 

and 71kDa (Figure 11A), as previously reported (7, 8). A third PINCH immunoreactive 

band was detected at approximately 84kDa in some cases, reminiscent of the approximate 

size detected by immunoprecipitation of PINCH and hpTau in previous studies (7). 

Detection of multiple PINCH immunoreactive bands has been previously reported, but 

currently the significance of the different bands is unknown.  To determine if PINCH 

levels within a given participant differed over time, we compared levels of PINCH from 

the 3 different time points for each participant as shown by a representative blot for 1 

virologic non-responder and 1 responder patient (Figure 11A).  When we compared the 

changes at T2 from baseline for all participants, in 10 of the 17-virologic responder 

participants and 1 non-responder participant, PINCH levels increased above baseline or 

remained unchanged at T2 (Figure 11B, blue and black circles, respectively). In the 

remaining 7-responder participants (yellow circles) and 2 non-responder participants 
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(pink circles), PINCH levels were below baseline at T2 (Figure 11B). These general 

trends were also observed for T3/T1, but were more variable. 

    

 

Changes in hpTau Levels in HIV Patients’ CSF Followed a Similar Trend as PINCH 

Levels (122) 

Changes in hpTau levels in the CSF of HIV+ participants were assessed by 

western analyses for each of the three collection time points.  A representative western 

		 		

Figure 11.  PINCH levels in the CSF of HIV participants. A) 
Representative Western blot of PINCH in CSF from two different HIV+ 
participants, 1 non-responder (NR) and 1 responder (R).  Western blot of CSF 
collected at three different time points and reacted with anti-PINCH antibody 
detects bands at molecular weights of approximately 55, 71 or 84 kDa.  T1 
(baseline), T2 and T3 correspond to first, second and third time points of 
sample collection, respectively.  B) Kruskal-Wallis one-way ANOVA of 
PINCH comparing fold changes to baseline values in each patient yielded 
statistically non-significant results.  T2/T1 and T3/T1 represent fold change 
from the baseline value (T1).  Blue circles represent responder HIV+ 
participants with increased fold change of PINCH at T2 or T3 compared to T1.  
Yellow circles represent responder HIV participants with decreased fold 
change of PINCH at T2 compared to T1.  The black circle represents a non-
responder HIV+ participant with an increased fold change of PINCH at T2 or 
T3 compared to T1.  Pink circles represent non-responder HIV + participants 
with decreased fold change of PINCH at T2 or T3 compared to T1. As 
previously published by Adiga, et al. (2014), (122).  
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blot from 1 virologic responder (R) and 1 non-responder (NR) shows the typical banding 

pattern for these participants (Figure 12A). Changes in hpTau levels in approximately 

50% of responders (n = 9, blue squares) and 1 non-responder (black squares) increased or 

remained unchanged at the second time point (T2) (Figure 12).  Likewise, hpTau levels 

decreased in eight virologic responders (yellow squares) and two non-responders (pink 

squares) (Figure 12B).  Fold changes in hpTau at the third time point (T3) followed a 

similar trend with eight responders’ levels (blue squares) and one non-responder’s (black 

square) level at T2 increasing or remaining unchanged (Figure 12B).  

 

 

 

	

	

Figure 12:  hpTau levels in CSF of HIV+ participants. A) Representative 
Western blot of hpTau (S262) in CSF from two different HIV+ participants, 1 non-
responder (NR) and 1 responder (R). Western blot of CSF collected at three 
different time points and reacted with anti-S262 hpTau antibody detects bands at 
an approximate molecular weight of 55kDa.  T1 (baseline), T2 and T3 correspond 
to first, second and third time points of sample collection. B) Kruskal-Wallis one-
way ANOVA of S262 comparing fold changes to baseline values in each patient 
yielded statistically non-significant results.  T2/T1 and T3/T1 represent fold 
change from the baseline value (T1). Blue squares represent responder HIV+ 
participants with increased fold change of hpTau at T2 or T3 compared to T1. 
Yellow squares represent responder HIV+ participants with decreased fold change 
of hpTau at T2 or T3 compared to T1.  The black squares represent non-responder 
HIV+ participants with an increased fold change of hpTau at T2 or T3 compared to 
T1.  Pink squares represent non-responder HIV+ participants with decreased fold 
change of hpTau at T2 or T3 compared to T1. As previously published by Adiga, 
et al. (2014), (122).  
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PINCH Levels Correlate with hpTau Levels in CSF of HIV+ Patients (122) 

To assess if changes in levels of PINCH and hpTau correlate with one another, 

fold-changes in PINCH and hpTau were determined by western analyses by calculating 

the ratio of the densitometry value for the second time point (T2) to baseline levels, and 

the third time point (T3) to baseline.  Spearman correlation coefficient analyses indicated 

that the fold-change in PINCH levels between first and second time points were highly 

correlated to the hpTau variable (correlation co-efficient = 0.70, p-value = 0.001) (Figure 

13A).  Fold-changes in PINCH levels between the first and third time points correlated 

with hpTau, as well (correlation co-efficient = 0.83, p-value = <0.0001) (Figure 13B).  

There was no correlation between the second and third PINCH ratios with hpTau (data 

not shown).  Although the trend persisted, analyses for the correlation between PINCH 

and hpTau at S396 showed no statistical significance.  These findings suggest a 

relationship between the fold-changes in PINCH and hpTau in HIV participants on 

cART.  
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Changes in PINCH CSF levels correlate with CD4+ count in HIV Patients(122) 

To assess if changes in CSF PINCH levels correlate with other clinical 

parameters for this group of study participants, PINCH fold-changes were compared to 

CD4+ count, plasma and CSF viral RNA, CSF WBC counts and neopterin levels.  

Spearman correlation coefficients showed no correlation between PINCH and HIV RNA 

or between PINCH and WBC (not shown).  As previously reported by Price et al, 

analyses from a subset of these participants confirmed that CSF neopterin levels and CSF 

	 	

	

	

Figure 13. Changes in PINCH levels in CSF correlate with changes in 
hpTau levels.  A) Fold change in PINCH (y-axis) compared to hpTau (X-axis) 
from baseline (T1) to T2, or B) from baseline (T1) to T3.  Blue circles 
represent responder HIV+ participants with increased fold change of PINCH at 
T2 or T3 compared to T1. Yellow circles represent responder HIV+ 
participants with decreased fold change of PINCH at T2 or T3 compared to T1.  
The black circle represents a non-responder HIV+ participant with an increased 
fold change of PINCH at T2 or T3 compared to T1. Pink circles represent non-
responder HIV+ participants with decreased fold change of PINCH at T2 or T3 
compared to T1.  Spearman correlation coefficients for PINCH ratios and 
hpTau (S262) at A) T2/T1, p-value = 0.001 and B) T3/T1, p-value <0.0001 . 
As previously published by Adiga, et al. (2014), (122).	
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viral load correlated.  However, neopterin levels did not correlate with CSF PINCH (data 

not shown). 

 

On the other hand, Spearman correlation coefficients for CD4+ count and PINCH 

indicated significant correlation (correlation coefficient = 0.72, p-value =0.0067) (Figure 

14A, circles), and CD4+ count and hpTau at S262 (squares) yielding a correlation 

coefficient = 0.59 and p-value = 0.0381 (Figure 14A).  As shown in Figure 14A, PINCH 

levels increased or remained unchanged in all participants with CD4+ counts over 200 

cells/mm3, whereas; all participants whose CD4+ count dropped below 200 cells/mm3 had 

less PINCH in the CSF (yellow and pink circles).  With regard to hpTau levels, this trend 

was observed for all but 1 participant (Figure 14A, yellow square).  In earlier studies, we 

reported that PINCH levels were significantly increased in HIV participants’ brains and 

CSF.   

 

Taken together, these results show that changes in PINCH CSF levels correlate 

with changes in CD4+ count rather than viral burden (Figure 14B).  Moreover, our data 

show that increased CSF levels of PINCH correspond with a more favorable immune 

response as defined by improved CD4+ count.  Previous data reported that increased 

PINCH is observed in the brains and CSF of HIV patients, but it was also shown that 

patients with HIVE had more PINCH in their brains compared to CSF(8). Likewise, HIV 

patients with no CNS alterations had less PINCH in the brain and more in the CSF.  These 

findings are   supported by our data showing that as CD4+ count increases; PINCH levels 
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in the CSF increase as well.  Our next set of experiments investigated the significance of 

PINCH in the brains of HIV+ individuals. 

 

 

 

 

	 	 	 	

Figure 14. Changes in PINCH and hpTau in CSF correlate with plasma CD4+ 
count.  A) T1 and T2 correspond to first and second time points of sample collection. 
T2/T1 represents fold change from the baseline value (T1). Blue represents responder 
HIV+ participants with increased fold change of PINCH (circles) or hpTau (squares) 
at T2 compared to T1. Yellow represents responder HIV+ participants with decreased 
fold change of PINCH (circles) or hpTau (squares) at T2 compared to T1. Pink 
represents non-responder HIV+ participants with decreased fold change of PINCH 
(circles) or hpTau (sqaures) at T2 compared to T1. Black represents a non-responder 
HIV+ participant with an increased fold change of PINCH (circle) and hpTau (sqaure) 
at T2 compared to T1.  Circles represent PINCH, and squares represent pTau (S262). 
Spearman correlation coefficients fold change of PINCH at T2 compared to T1 and 
CD4 + count at T2, p-value =0.0067 and fold change of pTau (S262) at T2 compared 
to T1 and CD4 + count at T2, p-value = 0.0381.  B) Venn diagram depicting the 
correlations between fold change of PINCH at T2 compared to T1 and CD4 + count at 
T2 in responders and non-responders. The blue circle represents responders, the pink 
circle represents non-responders, and the intersecting yellow region represents 
responders with decreased PINCH ratio and CD4 + count < 200 cells/mm3. As 
previously published by Adiga, et al. (2014), (122). 
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Higher Levels of PINCH and hpTau were Detected in HIV Encephalitis Participants  

 To assess the levels of PINCH in HIV+ patients, we first stratified participants 

into different groups based on neuropathology and cognition (Table 2). After tissue lysis, 

equal protein concentrations of samples were loaded into pre-cast gels for western 

analyses. The samples loaded were grouped together according to their stratification and 

common samples were run on all gels for comparison. First, we investigated the effects of 

neuropathology on levels of PINCH in brain. Of the 36 HIV+ brain samples, there were 

27 HIVE- and 9 HIVE+ cases. Significantly higher levels of PINCH were detected in 

HIVE+ cases (Figure 15A). As reported in earlier studies, we observed higher levels of 

PINCH in HIVE+ cases (8). 

 

 Next, we Levels of hpTau were assessed in the brains of HIV+ cases. As expected, 

HIVE+ brains had significantly higher levels of hpTau compared to HIVE– cases (Figure 

15B). Next, we compared the levels of PINCH and hpTau in brain to other disease 

relevant clinical variables, such as age at death, and date of death, which assesses the 

potential contribution of the era of ART. Expanded investigations in this context are 

currently underway in the Langford laboratory. Evaluation of correlations between CPE 

scores and PINCH/hpTau levels in brain were also conducted. Analyses were conducted 

to assess the correlations between levels of PINCH and hpTau in CSF and brain. 
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PINCH Levels in Case Matched Brain-CSF of HIV+ Participants  

 To determine if changes in CSF PINCH and hpTau levels correlate with 

neuropathology, cognition or other clinical characteristics, age-matched HIV+ post-

mortem frontal cortex, and CSF collected no more than six months before death were 

obtained from NNTC as mentioned above. Of the 36 participants included in this study, 

case-matched CSF-brain was examined in a subset of 11 cases. Western analysis was 

conducted on equal protein concentrations of brain lysate and equal volumes of CSF of 

case matched brain-CSF samples, and PINCH and hpTau levels were measured using 

specific antibodies mentioned earlier in the materials and methods chapter. The following 

		

Figure 15: PINCH and hpTau levels are significantly greater in 
frontal cortex of HIVE participants than HIV + participants 
without encephalitis. A) Quantitative representations of expression 
levels of PINCH and (B) hpTau/Total Tau relative to the loading 
control GAPDH in brains of HIV+ individuals in the presence or 
absence of encephalitis. Numbers beneath the graphs represent the 
number of participants in each group. ** p = 0.01; **** p = 0.0001 

A B 
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are the numbers of samples in each group: n = 6 in group one (HIVE-/cognition normal), n 

= 2 in group two (HIVE+/ cognitively impaired) and n = 3 in group three (HIVE-/ cog 

impaired). There were no case matched CSF-brain samples in group four (HIVE+/normal 

cognition). Earlier reports generated in the Langford laboratory and others proposed 

different isoforms of PINCH (7, 15, 16). Our results in case-matched CSF and brain 

samples are reminiscent of multiple immunoreactive bands at similar molecular weights 

reported in earlier studies (Figure 16), although the significance of these findings are yet 

to be determined. Furthermore, increased hpTau was detected in the CSF compared to 

case-matched brain samples. Thus, these results provide potentially important information 

on the role of PINCH in CNS disease. Association of PINCH levels with neuropathology 

and cognition may provide opportunities for further exploration regarding the role of 

PINCH in CNS disease progression in HIV. 

	 	

Figure 16: PINCH is detected at different molecular weights in case-matched 
brain and CSF in HIV+ patients. Representative western blots of expression 
levels of PINCH and Tau in case-matched brain and CSF in HIV+ individuals. B 
and C represent brain and CSF, respectively. The red boxes indicate common 
samples in each gel and represent case matched brain and CSF pair from an HIV +, 
HIVE- cognitively normal individual.  
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Discussion 

In the current study, we addressed the potential significance of PINCH in the CSF 

and brains of HIV+ individuals.  Clinical and laboratory information including age, 

plasma CD4+ count, CSF and plasma viral load, CSF WBC count, and CPE scores of 

antiretroviral therapy were compared with fold changes in CSF PINCH and hpTau levels.  

Our results suggest that changes in CSF levels of PINCH correlate with CSF hpTau 

levels in this cohort of HIV+ participants.  Previous studies reported that PINCH and 

hpTau interact with one another both in vitro, in vivo and in the brains and CSF of HIV 

patients (7). Our earlier studies also reported higher levels of PINCH in brain and CSF in 

both HIV with no CNS alterations and HIVE, compared to HIV- adults.  However, 

PINCH levels in CSF in HIV patients with no CNS alterations were substantially greater 

than that in HIVE.  Similarly, alterations in the solubility of PINCH were also associated 

with solubility changes in hpTau. These studies support previous findings and suggest a 

correlation between PINCH and hpTau levels in HIV-associated CNS disease. 

Additionally, the results of assessing PINCH/hpTau levels in HIV+ brains further 

reinforced the role of PINCH in neuropathology and HAND. As expected, PINCH and 

hpTau levels were significantly higher in HIVE+ brains compared to HIVE- brains. 

Although the mechanisms underlying this association are unknown, there are several 

points of intersection between PINCH and Tau pathways that may contribute to their 

interaction. 

 

One possible contributing mechanism is through PINCH’s binding partners that 

are involved in hyperphosphorylation of Tau and rely on interacting with PINCH to 
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maintain their catalytic activity.  For example, the most well characterized binding 

partner of PINCH is ILK.  ILK is an ankyrin-repeat containing serine-threonine kinase 

that phosphorylates multiple kinases such as GSK3β and AKT involved in aberrant 

hyperphosphorylation of Tau (175). In the absence of PINCH, ILK activity is diminished, 

thus alterations in levels of PINCH may contribute to changes in formation of hpTau.  

Likewise, PINCH binds to and inactivates PP1α that is involved in the dephosphorylation 

of Tau residues essential for normal Tau-microtubule interactions (18). The heat shock 

response represents a third potential pathway that may contribute to PINCH/hpTau 

interactions, as we have shown that PINCH binds to both hpTau and to the E3 ubiquitin 

ligase (CHIP) (7). In this context, knockdown of PINCH in neurons where hpTau was 

induced resulted in less hpTau detection, which could be a result of less formation of 

hpTau, more efficient clearance, or both.  The potential interaction(s) among these 

pathways and PINCH and Tau levels in the CSF and brain are currently unknown, 

however, changes in binding dynamics and release from the brain into the CSF is an area 

warranting more investigation. Moreover, the disease stage at which these interactions 

among the different pathways contribute to CNS disease progression is an interesting area 

of research that may provide a better understanding of the disease pathology. 

 

A second significant and unexpected finding in the CSF study was that the fold-

changes in PINCH levels over baseline correlated with plasma CD4+ count.  

Interestingly, all participants with a CD4+ count above 200 cells/mm3 at T2 showed 

either increased or no change in PINCH CSF levels and participants whose CD4+ count 

decreased below 200 had less PINCH in the CSF.  Plasma CD4+ count is used as one of 
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the clinical measures of HIV infection, in opportunistic infections in HIV, and as a 

predictor of response to cART.  A CD4+ count less than 200 cells/mm3 is one of the 

diagnostic markers for acquired immunodeficiency syndrome.  The results from our 

current study might represent an important correlation between PINCH CSF levels and 

systemic immune response in HIV.  The connection between improved immune response 

and greater levels of PINCH in the CSF is unclear.  But as suggested in earlier studies, 

HIV patients with less severe CNS alterations may in fact clear both PINCH and hpTau 

from the brain more efficiently resulting in the detection of more PINCH/hpTau in the 

CSF relative to patients with increased hpTau accumulation in the brain and by virtue of 

association, more PINCH in the brain as well.  

 

About 20% of HIV patients are immunological non-responders with low plasma 

levels of immune cells, increased immune activation, immunosenescence and apoptosis 

even in the presence of effective antiretroviral therapy and significant viral suppression.  

Various causes for poor immunological response include older age, ineffective ART, and 

low CD4+ nadir with a CD4+ count < 200 cells/ul.  Interestingly, the two virologic 

responders in our study with a CD4+ count < 200 cells/mm3 and a decrease in PINCH 

ratios were over 45 years of age; whereas, others were younger than 40 years of age, 

suggesting that age may be a factor in CD4+ count and PINCH levels.   

 

There were several limitations in this study.  Although this study was longitudinal 

in some aspects, the collection dates among participants for each time point were not 

conducted at the exact same intervals.  Rather collection points for T2 and T3 were 33 
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(29-36) days and 96 (85-123), respectively, which represent the median (interquartile 

range with first and third quartile).  This rather wide range may account for the variation 

observed at T3 in PINCH and hpTau (Figure 11B, 12B).  Of note, changes in PINCH 

levels at 1-1.5 months from baseline showed stronger correlations with CD4+.  Another 

limitation in the study is that we were unable to consider CD4+ nadir in our correlation 

analyses.  CD4+ nadir is a better clinical and diagnostic measure of immune system 

response to HIV infection and treatment.  Also, a low number of participants in group 

four (n=2) consisting of HIVE+ individuals with no CNS alterations is a major limitation 

of the study, because these individuals may also a represent a very relevant cohort in 

comparison of the antiretroviral eras. Thus, future studies to understand the potential 

significance of PINCH in brains and CSF of HIV patients should be expanded to include 

many more patients and consider age, age at death, date of death, immune response, and 

response to treatment.  

 

In this context, in our current study we observed a trend of decreased fold change 

for PINCH in older HIV participants in the responder treatment group with CD4+ count 

below 200 cells/ mm3, suggesting PINCH protein’s association with aging in defining 

disease pathology.  Thus, future studies exploring the effects of aging in HIV patients and 

levels of PINCH in brain and CSF in response to hpTau are needed.  Furthermore, 

CD4+/CD8+ ratios in CSF and plasma should also be analyzed for assessing the response 

to treatment, effect of immunosenescence in HIV and disease pathology in the context of 

PINCH expression levels. Understanding the role of PINCH in CNS of HIV infection 

would help better define the function of PINCH in the pathophysiology of aberrant tau 
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formation in HIV, in immune response to infection and therapy, and the significance of 

its detection in CSF and brain in HIV, AD and other neurodegenerative diseases.  In 

conclusion, PINCH CSF levels appear to correlate with immune responses in HIV 

participants, suggesting another role for PINCH in CNS disease pathology including in 

HIV and other neurodegenerative diseases. Furthermore, PINCH’s association with 

hpTau levels warrants examination to understand neurodegeneration in HIV CNS 

disease.  
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CHAPTER 5 

CONCLUSION AND FUTURE DIRECTIONS 

 

HIV CNS disease encompasses a broad spectrum of disorders ranging from 

asymptomatic to dementia. Although the incidence of HIVE and HAD have decreased 

due to ART, milder forms of HIV-associated neurodegenerative diseases (HAND) 

continue to impact the quality of life and socio-economic status of HIV+ individuals (89, 

103-105). One of the reasons behind CNS dysfunction is the aging HIV patient 

population, where loss of protein quality enhances the accumulation of aberrant proteins 

including hpTau  (214-218). In this regard, our research addresses the mechanisms 

through which Tat may interfere with PINCH-PP1α signaling cascade and alter aberrant 

hpTau formation. 

 

The primary objective of this research was to identify the role of PINCH in 

aberrant Tau phosphorylation (hpTau) in HIV. First, we investigated the role of Tat, a 

HIV protein in altering PINCH-PP1α interactions that may promote hpTau formation in 

neurons. In this regard, our in vitro studies addressed the significance of PINCH protein 

in Tat-mediated hpTau induction. We identified a novel signaling pathway associated 

with PINCH-PP1α that involves several kinases such as ILK, Akt and GSK3β, and a 

phosphatase, PP1α that are involved in hyperphosphorylation of Tau(3, 31, 32). Our 

results showed that Tat altered the subcellular localization of PINCH and PP1α. Also, the 

levels of PP1α were increased in HIVE+ brains and they co-localized with PINCH in 

neurons.  
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In the second part of the study, we investigated the significance of PINCH in the 

brains and CSF of HIV patients. Our findings report the correlation of PINCH levels in 

brain with HIVE status. For example, increased levels of PINCH were detected in HIVE 

+ brains. Likewise, hpTau levels in the brain also correlated positively with HIVE status, 

where higher levels of hpTau were detected in HIVE+ brains. In this regard, results from 

our longitudinal CSF study also suggested that changes in the levels of CSF PINCH 

correlated with CSF hpTau levels. As shown in the study (Chapter 4), as PINCH levels in 

CSF increased from baseline to the next time point, hpTau levels also increased in CSF in 

these individuals during the same time points, where three CSF and plasma samples were 

collected from participants over a 7-month period. Interestingly, PINCH levels in CSF 

also correlated with plasma CD4+ count, where higher levels of CSF PINCH correlated 

with plasma CD4+ counts above 200 cells/mm3 (122). Additionally, we conducted 

various correlational studies to investigate the relationship between PINCH and hpTau 

levels in brain, and clinically relevant parameters such as age at death, different eras of 

ART and the CPE scores of the ART regimen for each participant. These studies have 

provided key preliminary findings that investigators in the Langford laboratory are 

currently analyzing and expanding. Thus, these in vitro studies including the human brain 

and CSF studies suggest that PINCH plays a significant role in aberrant Tau formation.  
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Future directions 

While our previous study showed that PINCH and hpTau interact (7), the current 

studies described potential mechanisms through which PINCH may participate in Tau-

mediated neurodegeneration in CNS HIV disease. The future studies will focus on 

confirming the mechanisms through which PINCH participates in hpTau formation in 

HIV disease. Since Tat and TNFα play a role in neurodegeneration (128-130, 154, 155) 

and also may contribute to PINCH and hpTau levels in brain (7, 9), future in vitro studies 

should investigate the synergistic role of Tat and TNFα in hpTau induction through our 

proposed PINCH-PP1α signaling cascade. Also, investigating the effects of manipulation 

of expression levels of PINCH and PP1α in Tat-mediated induction of hpTau is also 

currently being undertaken in the Langford laboratory. 

 

Future studies will include mutations of Tat at residues between 35-38 amino 

acids that bind PP1α to examine the effects of Tat-PP1α interactions on hpTau formation 

in neurons. Similarly, since the LIM5 domain of PINCH binds PP1α, (18) studies 

involving mutant PINCH (delta LIM5)  (7) will further provide significant information on 

PINCH-PP1α interactions in Tat-induced hpTau formation. These will also include 

binding dynamic studies by reciprocal immunoprecipitations. Since GSK3β is one of the 

key kinases involved in hyperphosphorylation of Tau (3), it is necessary to determine the 

activity of GSK3β and a commercially available GSK3β kinase assay kit will be utilized. 

Similarly, a PP1α phosphatase activity kit will also be utilized to clarify the role of PP1α 

in the PINCH signaling cascade promoting hpTau formation. Thus, several experiments 

are currently underway to assess the replication-independent functions of Tat on the 
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PINCH- PP1α signaling cascade that probably may be involved in the 

hyperphosphorylation of Tau that may lead to synaptodendritic dysfunction.  

 

PINCH also has a nuclear export signal and a nuclear localization signal and can 

be present in both the cytoplasm and nucleus. Additionally, since LIM domain-containing 

proteins associate with the transcription machinery (14, 17, 175) studying the role of 

PINCH in neurons in regulating gene transcription in a HIV replication-independent 

manner through its interactions with PP1α and Tat is important in understanding the role 

PINCH may play in HIV neurodegeneration.  

 

Furthermore, both PP1α and hpTau have been implicated in defects in axonal 

transport (37, 84). Since PINCH inhibits the activity of PP1α (18) and regulates its 

activity and probably its subcellular localization, future directions will also include 

investigating the role of PINCH-PP1α in axonal transport. Moreover, PP1 activates 

filamentous Tau to inhibit fast anterograde axonal transport (37). Further investigations 

should explore the possible role PINCH may play in promoting fast anterograde axonal 

transport by inhibiting PP1α activity and by probably inhibiting the interactions of 

filamentous Tau and PP1α leading to microtubule destabilization.  

 

Since PINCH and PP1α are ubiquitous in the brain, assessing the selective 

vulnerability of different brain regions to hpTau would enhance the understanding of 

PINCH signaling in Tau-related neurodegeneration and provide opportunities for 

developing effective treatment and management strategies that target specific regions of 
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the brain. Furthermore, limited research has been conducted to understand the role of 

integrins, and receptor tyrosine kinases in tauopathy-associated neurodegeneration. As 

PINCH connects integrin linked signaling with receptor tyrosine kinase signaling, this 

offers another aspect of potential regulation of cellular processes by PINCH (17, 175). 

 

 Understanding the contributions of increased PINCH levels in HIV-associated 

tauopathy may provide new therapeutic avenues for reducing levels of hpTau in the brain. 

Characterizing the clinical significance of PINCH in the CSF may warrant examining 

PINCH as a member of biomarker panel to assess severity or progression of HIV-

associated neurocognitive alterations. CSF markers and neuroimaging studies have 

identified that CNS inflammation and immune activation are major factors contributing 

to CNS injury in HIV  (96, 110, 219, 220). Numerous studies have revealed that early in 

HIV infection there is neuroinflammation, decreased neuronal integrity, even brain 

atrophy  (219, 221, 222). Hence, identifying CSF biomarkers to identify novel early CNS 

HIV disease that may be indicative of disease pathology are very important to 

substantially decrease Tau-induced neurodegeneration in HAND. In this regard, our study 

has suggested that CSF PINCH levels may correlate with plasma CD4+ counts (122). 

Therefore in the future, studies will expand upon these results to incorporate larger cohort 

with well-defined clinical characteristics that could impact outcome of the study. 

Similarly, the human HIV brain studies will be expanded to include a greater number of 

cases in each group characterized based on neuropathology and cognitive status to assess 

the correlation between PINCH levels in brain and other clinical parameters. 
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The CNS HIV disease is a part of Tau-mediated neurodegenerative diseases and 

PINCH levels are shown to increase in several neurodegenerative diseases including AD, 

and FTD (7). Furthermore, integrins have multifaceted roles in nervous system, including 

immune-mediated diseases. Antigen presentation, and cytokine induction are few of the 

examples of the role integrin play in immune-mediated diseases  (223-225). Further, ILK 

interacts with the cytoplasmic domain of β1 integrin, a cell receptor involved in 

microglial-mediated phagocytosis of amyloidβ in AD, pointing to another possible role 

for ILK-PINCH in Tau-induced neurodegeneration in other neurodegenerative diseases, 

as well  (7, 226).  

 

In conclusion, in addition to participating in cell survival, PINCH has been 

reported to regulate quality control of proteins. Thus, understanding protein-protein 

interactions and signaling cascades associated with hpTau formation may further provide 

a better understanding of the disease pathology and provide opportunities for improving 

management of the CNS HIV disease. In this regard, our clinical data supports the 

potential role for PINCH as a biomarker for HAND. There are multiple levels at which 

PINCH interacts with Tau. Therefore, these studies are a step forward in understanding 

the pathogenesis of Tau-induced neurodegeneration in HIV.  
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Office  for  Human  Subjects  Protections
Institutional  Review  Board

Medical  Intervention  Committees  A1  &  A2
Social  and  Behavioral  Committee  B

3400  North  Broad  Street
Philadelphia,  Pennsylvania  19140
Phone:215.707.3390  Fax:215.707.8387
e-mail:  richard.throm@temple.edu

MEMORANDUM
To: Langford,  T.  Dianne

CTR  FOR  NEUROSCIENCE  (0517)

From: Richard  C.  Throm
Director,  Office  for  Human  Subjects  Protection
Institutional  Review  Board  Coordinator

Date: 12-Sep-2007

Re: Exempt  Request  Status  for  IRB  Protocol:  
11218:  INTEGRIN  LINKED  KINASE  ADAPTOR  PROTEIN  FAMILY  EXPRESSION  IN  THE  BRAINS
OF  PATIENTS  SUFFERING  FROM  NEURODEGENERATIVE  DISEASES.

--------------------------------------------------------------------------------------------------------------------------------------
It  has  been  determined  by  Expedited  Review  that  this  study  qualifies  for  exemption  status  as  follows:

45  CFR  46  Protection  of  Human  Subjects

Section  101  (b):  Unless  otherwise  required  by  department  or  agency  heads,  research  activities  in  which  the
only  involvement  of  human  subjects  will  be  in  one  or  more  of  the  following  categories  are  exempt  from  this
policy:

Exemption  4:  Collection  or  Study  of  Existing  Data.  Research  involving  the  collection  or  study  of  existing
data,  documents,  records,  pathological  specimens,  or  diagnostic  specimens,  if  these  sources  are  publicly
available  or  if  the  information  is  recorded  by  the  investigator  in  such  a  manner  that  subjects  cannot  be
identified,  directly  or  through  identifiers  linked  to  the  subject.

Nothing  further  is  required  from  you  at  this  time;;  however,  if  anything  in  your  research  design  should  change,
you  must  notify  the  Institutional  Review  Board  immediately.

If  you  should  have  any  questions,  please  feel  free  to  contact  me  at  215-707-8757.

Thank  you  for  keeping  the  IRB  informed  of  your  clinical  research.
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