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Abstract
Tau neurofibrillary tangles are found in the brains of patients 
suffering from Alzheimer’s disease and other tauopathies. The 
progressive spreading of tau pathology from one brain region to 
the next is believed to be caused by extracellular transsynaptic 
transmission of misfolded tau between neurons. Preclinical 
studies have shown that antibodies against tau can prevent 
this transfer of misfolded tau between cells. Thus, antibodies 
against tau have the potential to stop or slow the progression 
of tau pathology observed in human tauopathies. To test this 
hypothesis, a humanized anti-tau antibody (ABBV-8E12) was 
developed and a phase 1 clinical trial of this antibody has been 
completed. The double-blind, placebo-controlled phase 1 study 
tested single doses of ABBV-8E12 ranging from 2.5 to 50 mg/
kg in 30 patients with progressive supranuclear palsy (PSP). 
ABBV-8E12 was found to have an acceptable safety profile 
with no clinically concerning trends in the number or severity 
of adverse events between the placebo and dosed groups. 
Pharmacokinetic modelling showed that the antibody has a 
plasma half-life and cerebrospinal fluid:plasma ratio consistent 
with other humanized antibodies, and there were no signs of 
immunogenicity against ABBV-8E12. Based on the acceptable 
safety and tolerability profile of single doses of ABBV-8E12, 
AbbVie is currently enrolling patients into two phase 2 clinical 
trials to assess efficacy and safety of multiple doses of ABBV-
8E12 in patients with early Alzheimer’s disease or PSP.    
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Rationale

Tauopathies refer to a set of neurodegenerative 
disorders characterized by the pathological 
aggregation of microtubule-associated protein 

tau (MAPT) in neurons and glial cells in the human brain. 
The most common tauopathy is Alzheimer’s disease 
(AD), estimated to affect more than 5 million Americans 
and 46 million people worldwide. Less common 
tauopathies include progressive supranuclear palsy 
(PSP), cortical basal degeneration (CBD), Pick’s disease  
and frontotemporal dementia with parkinsonism linked 

to chromosome 17, with the total number of tauopathies 
being greater than 20 (1). In some of these tauopathies 
(such as PSP, CBD, and Pick’s), aggregation of tau in the 
brain is the predominant form of brain pathology, while 
for other diseases (such as AD and Niemann Pick type 
C) other brain pathologies are involved in the disease 
alongside tau.       

The human tau gene contains 16 exons and alternative 
spicing of exons 2, 3 and 10 results in six different tau 
protein isoform (2). Based on the number of inserts near 
the amino-terminal and the carboxy-terminal repeat 
domains, the isoforms are referred to as 0N3R, 1N3R, 
2N3R, 0N4R, 1N4R and 2N4R. Under normal conditions, 
tau is predominantly localized within neurons and more 
specifically axons, although non-neuronal cells can have 
trace amounts (3). Tau was originally identified as a 
microtubule-associated protein that functions to promote 
assembly of microtubule protein subunit tubulin into 
microtubules and stabilize their structure (4). More 
recently, novel functions of tau have been discovered, 
such as iron transport, neurogenesis, synaptic plasticity 
and neuronal DNA protection (5).

Data from biochemical and animal studies of the tau 
protein suggest a working model that can serve as a 
basic framework for studying the pathophysiological 
functions of tau as well as for developing tau 
therapeutics.  Tauopathy pathogenesis includes 
molecular events such as hyperphosphorylation and 
aggregation of tau. Hyperphosphorylation of tau 
can reduce its binding to microtubules, and thereby 
cause microtubule disassembly and axonal transport 
impairment and eventually synaptic dysfunction 
(6, 7). Hyperphosphorylation, as well as some other 
modifications of  tau (such as truncation and 
O-glcNAcylation) also promote tau aggregation (5).

Aggregated tau can assume the form of either soluble 
oligomers, insoluble paired helical filaments (PHFs), 
or insoluble straight filaments. PHFs manifest as 
neurofibrillary tangles (NFT) in the brain and are one 
of the major histopathological hallmarks of tauopathies. 
While NFTs were originally assumed to be toxic and the 
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main cause of neurodegeneration, growing evidence 
suggests that NFT are neither necessary nor sufficient to 
cause neurodegeneration (8–10). 

Recent evidence suggests that of the various 
aggregated tau species, tau oligomers can be toxic to 
neurons (11–15) and that release of tau oligomers from 
neurons can lead to transmission of tau pathology 
between cells. The tau oligomers are taken up by 
synaptically connected neurons, causing the normal tau 
in the recipient neuron to aggregate – thus resulting in 
spreading of tau pathology from one neuron to the next 
through neuronal connectivity. Calvaguera et al. found 
that intracerebral injection of brain extract from mice with 
filamentous tau pathology induces the formation and 
spreading of aggregates made of hyperphosphorylated 
tau in mice expressing human wild-type tau (16). 
Subsequently, more studies have reported similar 
findings in vivo, confirming this “prion-like” property 
of pathological tau species isolated from human tissue 
or transgenic mice (17–21). This mode of transcellular 
propagation suggests that extracellular transfer of tau 
between cells may be a susceptible target for antibody-
mediated therapies. In support of this hypothesis, tau 
immunotherapy has emerged as a promising therapeutic 
strategy for tauopathies and this approach has been 
shown to reduce tau pathology and improve behavioral 
deficits in animal models (22–27).

Preclinical data

The laboratory of Dr. Holtzman at Washington 
University School of Medicine generated a library of 
anti-human tau antibodies to test the hypothesis that 
propagation of aggregated tau  between cells can be 
prevented by using anti-tau antibodies and to further 
assess the mechanisms of action of such antibodies 
(28). The library originated from mice immunized with 
full-length human tau protein (2N4R) and antibodies 
recognizing various epitopes of human tau were 
identified. Using an in vitro cell based assay, the anti-
tau antibodies were found to specifically and dose 
dependently block uptake of misfolded tau from brain 
lysates into neuronal cells (19, 28). 

To assess the in vivo activity of the antibodies, three 
of the anti-tau antibodies and one control antibody 
were administered intracerebroventricularly (ICV) into 
P301S tau transgenic mice. The P301S transgenic mouse 
carries a mutated human tau gene that causes early onset 
frontotemporal dementia in humans. These mice develop 
brain tau pathology as evidenced by presence of NFTs 
and phosphorylated tau as well as behavioral deficits 
consistent with human tau pathology (29). Antibodies 
were infused continuously starting just after the time 
when tau pathology starts to develop in these mice (6 
months of age). At nine months, associative learning was 
assessed and the brains of the animals were assessed for 

Figure 1. Anti-tau antibody decreased phospho-tau staining in the hippocampal CA1 cell layer

(A) Representative coronal sections of biotinylated AT8 antibody staining of phosphorylated tau in the hippocampal CA1 cellular region of 9-month-old P301S mice 
treated for three months with vehicle and HJ8.5 at 50 mg/kg. The lower images are higher power views of the CA1 region in the uppers panels. Red arrows indicate 
the area magnified in the lower image. Black arrows indicate the hippocampal CA1 cell layer. (B) Quantification of biotinylated AT8 antibody staining of abnormally 
phosphorylated tau revealed a significant decrease in AT8 staining in mice treated with HJ8.5 at 50 mg/kg in the hippocampal CA1 cellular layer compared to vehicle-
treated mice (P = 0.035). Values represent mean ± SEM. (C) Levels of formic acid soluble tau determined by ELISA. HJ8.5 treatment at 50 mg/kg significantly decreased 
insoluble human tau (P < 0.0001) compared to vehicle-treated mice. Values represent mean ± SEM. ****P < 0.0001. Figure is modified from (30) with permission.
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a variety of histological and biochemical measures. Of 
the three antibodies tested in vivo, one antibody (HJ8.5) 
demonstrated a consistent effect on all of the outcome 
measures as compared to the control antibody. This 
antibody showed a reduction in phosphorylated tau by 
both biochemical and histopathological measures, and an 
improvement in  associative learning (28). 

Data shown as mean with error bars representing the standard deviation. 

In addition to evaluating central delivery of the 
antibody, the biological effects of administering HJ8.5 
peripherally were assessed in a separate study. Here, six-
month old P301S mice received weekly intraperitoneal 
(IP) doses of PBS, or 10 or 50 mg/kg of HJ8.5 for 
three months (30). After three months of treatment, 
there was a significant reduction of tau pathology in 
the hippocampus in both the 10 mg/kg and 50 mg/
kg dose group compared with control (Figure 1A and 
B). This reduction in tau pathology was matched by a 
reduction in the formic acid insoluble tau measured in the 
cortex of P310S mice in the 50 mg/kg dose group (Figure 
1C). Peripheral HJ8.5 administration also improved 
sensorimotor function in these mice as measured by 
inverted screen and ledge tests. Importantly, peripheral 
antibody administration significantly attenuated brain 
volume loss observed in P301S mice over the three-
month timeframe. This finding is significant since brain 
atrophy in human tauopathies associates strongly with 
tau accumulation in the brain regions affected, and thus 
it appears that the reduction in tau pathology by the 
antibody treatment results in protection against brain 
atrophy.

At the end of the peripheral dosing study, the 
concentration of tau in the plasma of P310S mice was 
measured using a tau ELISA. The concentration of tau in 
plasma was significantly increased in P310S animals that 
had been injected with HJ8.5, and the increase was higher 

in the animals that received the higher dose of HJ8.5 (30). 
Further studies indicated that the antibody dependent 
increase of plasma tau resulted primarily from CNS 
derived tau and that plasma tau concentrations appeared 
to reflect soluble, extracellular tau in the brain (31). 

Recent studies utilized adenoassociated virus (AAV) 
to express single chain fragment variable domains 
(scFv) derived from HJ8.5 directly in the brain of P301S 
transgenic mice (32). This treatment also decreased tau 
pathology, demonstrating that the Fc domain of the 
antibody is not required for a therapeutic effect. 

In summary, these preclinical studies show that 
anti-tau antibodies have the potential to engage tau 
present in the brain’s extracellular space as well as in 
plasma. Administration of the anti-tau antibody HJ8.5 
in these animal models via central (ICV) and peripheral 
(IP) routes markedly reduced tau pathology, neuronal 
loss, and brain atrophy, resulting in cognitive and 
sensorimotor preservation compared to control treated 
mice.

Clinical data

Based on the promising results from the transgenic 
mouse model studies, a variety of humanized anti-tau 
antibodies were generated to test the hypothesis that anti-
tau antibodies can provide therapeutic benefits in human 
tauopathies. Following requisite cell line development 
and toxicology testing, clinical trials with the lead 
compound (C2N-8E12, now known as ABBV-8E12) were 
initiated during the summer of 2015. A phase 1 clinical 
trial (NCT02494024) was designed to test the safety and 
tolerability of a single dose of ABBV-8E12 in patients 
with PSP. Key inclusion and exclusion criteria for this 
study are listed in Table 1. Subjects were randomized 
in blocks of four in a double-blind manner to receive 
a single intravenous dose of ABBV-8E12 or placebo in 

Figure 2. Pharmacokinetic profiles of ABBV-8E12 in 
plasma. Plasma samples were collected for up to 84 days 
post dosing and drug concentrations measured using a 
validated PK assay

Table 1. Key inclusion and exclusion criteria for the 
phase 1 clinical trial (NCT02494024)
Inclusion:

• Meet NINDS-SPSP possible or probable PSP criteria as 
modified for clinical trials
• Brain MRI at Screening consistent with PSP
• PSP Rating Scale (PSPRS) score between 20 and 50
• 50-85 years of age, inclusive
• Able to walk 5 steps with minimal assistance
Exclusion:

• Diagnosis of any other significant unrelated neurological or 
psychiatric disorders 
• Untreated major depression 
• Disease duration of greater than 5 years since onset of 
symptoms
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a three to one ratio (drug:placebo). Using a continual 
reassessment method that pre-specified algorithms for 
dose escalation, each block of subjects was assigned to 
one of the five dose cohorts (2.5, 7.5, 15, 25, and 50 mg/
kg) tested in the study. Dose escalation was implemented 
only after available safety data from lower doses had 
been reviewed by the data safety monitoring committee 
(DSMC). Safety was monitored for 84 days post-dosing 
and included AEs, laboratory analyses, MRI assessments, 
ECG evaluations, physical/neurological examinations, 
vital signs, mental health assessments and a brain MRI at 
two weeks after dosing.

A total of 38 subjects were screened for the phase 1 
trial, with 30 subjects enrolling. Of the enrolled subjects, 
7 were assigned to the placebo arm and 23 were assigned 
to one of the 5 dose arms (Table 2).The safety profile at 
all doses supported dose escalation to the maximum 
dose (50 mg/kg), which was administered to 10 subjects. 
Twenty-seven subjects completed the 84-day follow-
up and one subject withdrew from the study due to an 
adverse event (AE). AEs occurred in 21 of the 30 (70%) 
study participants. Table 3 provides an overview of the 
AEs observed in the study. The majority of the AEs were 
rated by the blinded investigators as mild or moderate 
in severity. Only two AEs were rated as severe – one 
case of headache and one case of agitation. Treatment-
relatedness of the AEs was also rated by the investigators, 
with the majority of the AEs being rated as unrelated to 
treatment. 

There were no clinically concerning trends observed 
in the number or severity of AEs between the placebo 
and ABBV-8E12 dose groups. Nearly half (44%) of the 
observed AEs resolved within the first two days of onset 
and 77% of AEs resolved within the first two weeks. At 
the day 14 MRI, no clinically significant radiographic 
abnormal findings were observed. Three serious adverse 
events (SAEs) were reported during the study. One 
subject, in the 15 mg/kg dose group, with a history 
of experiencing several falls at baseline, had subdural 
hematoma. One subject, in the 25 mg/kg dose group, 
with a history of anxiety and agitation around stressful 
events including medical procedures, reported an 
increase in anxiety, agitation and perseverative behaviors. 
One subject, in the 50 mg/kg dose group, with a history 
of hypertension had hypertensive cerebrovascular 
disease. These events did not indicate an emerging safety 
issue. Thus, ABBV-8E12, when administered in single 
doses of up to 50 mg/kg, appears to have an acceptable 
safety and tolerability profile.

While assessment of single-dose safety and tolerability 
were the primary objectives of this phase 1 study, both 
plasma and CSF samples were acquired for assessment 
of pharmacokinetics (PK) of ABBV-8E12 in plasma and 
penetration of drug into the brain. Figure 2 shows the 
average PK profiles for ABBV-8E12 in plasma for each 
dose cohort. Across the dose range of 2.5 mg/kg to 50 
mg/kg IV, the ABBV-8E12 area under the curve (AUC) 
increased in a dose-proportional manner. The harmonic 

Table 2. Patient demographics and disease characteristics at screening
Characteristic Placebo (N=7) 2.5 mg/kg (N=3) 7.5 mg/kg (N-3) 15 mg/kg (N=4) 25 mg/kg (N=3) 50 mg/kg (N=10)

Age, years, mean (SD) 70.7 (5.9) 66.6 (4.9) 64.4 (3.2) 69.5 (7.8) 69.0 (3.9) 70.8 (10.8)

Gender, male, n (%) 4 (57.1%) 2 (66.7%) 2 (66.7%) 2 (50%) 1 (33.3%) 5 (50%)

PSPRS score, mean (SD) 39.4 (5.3) 30.7 (10.0) 37.0 (8.2) 34.0 (4.1) 33.0 (3.6) 35.3 (10.2)

Table 3. Adverse event summary
Patient Incidence, n (%) Placebo (N=7) 2.5 mg/kg (N=3) 7.5 mg/kg (N=3) 15 mg/kg (N=4) 25 mg/kg (N=3) 50 mg/kg (N=10)

Any adverse event 5 (71) 3 (100) 3 (100) 3 (75) 2 (67) 5 (50)

Any treatment-related AE 4 (57) 1 (33) 2 (67) 2 (50) 1 (33) 1 (10)

Any serious AE 0 0 0 1 (25) 1 (33) 1 (10)

Any AE reported in ≥ 2 patients

    Dermatitis (allergic) 2 (29) 0 2 (67) 0 0 1 (10)

    Fall 0 2 (67) 0 2 (50) 1 (33) 0

    Headache 1 (14) 0 0 1 (25) 0 1 (10)

    Skin abrasion 1 (14) 0 0 1 (25) 0 1 (10)

    Asymptomatic bacteriuria 1 (14) 0 0 0 0 1 (10)

    Fatigue 1 (14) 0 0 1 (25) 0 0

    Laceration 0 0 0 1 (25) 0 1 (10)

    Traumatic hematoma 1 (14) 0 0 0 0 1 (10)
Events are listed by MedDRA preferred term. Number of patients experiencing an event is shown in the table with the percent incidence in parentheses.
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mean plasma half-life ranged from approximately 27 
days to 37 days. This plasma half-life is consistent with 
what has been reported for other monoclonal antibodies. 

Cerebrospinal fluid (CSF) was sampled at screening 
and 14 days after drug administration. Measurement of 
ABBV-8E12 in CSF on day 14 revealed that CSF ABBV-
8E12 concentrations increased with dose. Comparison of 
CSF concentrations to plasma concentrations of ABBV-
8E12 on the same day showed that the CSF/plasma ratio 
ranged from 0.181% to 0.385%, consistent with what has 
been observed in other studies of monoclonal antibodies. 
Plasma samples collected out to day 84 were also assayed 
for the presence of anti-ABBV-8E12 antibodies using 
a validated anti-drug antibody assay. No anti-drug 
antibodies were detected in the post-dose plasma samples 
analyzed.

Future development plan/discussion

Based on the acceptable safety and tolerability profile 
of single doses up to 50 mg/kg in PSP patients, AbbVie 
is currently enrolling patients into two phase 2 clinical 
trials that assess the efficacy and safety of multiple doses 
of ABBV-8E12 in patients with early AD or PSP. In these 
studies, patients will be dosed for 96 weeks (early AD) 
or 52 weeks (PSP). The first cohort of 48 and 30 subjects 
each, in AD and PSP studies respectively, will undergo 
intensive safety monitoring. 

The phase 2 AD study is a randomized, double-blind, 
placebo-controlled trial designed to evaluate the efficacy 
and safety of ABBV-8E12 in patients with early AD. For 
the purposes of this study, early AD is defined as a score 
of 22 or higher on the mini-mental state examination, a 
global score of 0.5 on clinical dementia rating, a score of 
85 or lower on the Repeatable Battery for the Assessment 
of Neuropsychological Status (RBANS)-delayed memory 
index, and a positive amyloid positron emission 
tomography (PET) scan. 

The phase 2 AD study consists of a screening period 
of up to 8 weeks, a 96 week double-blind treatment 
period and a follow-up period of approximately 20 
weeks following the last study drug administration. 
Approximately 400 subjects will be enrolled to meet 
the study objectives. Eligible subjects are between 55 
to 85 years of age and have early AD in the absence 
of concurrent diseases that could confound safety or 
efficacy evaluations. Study participants are allowed to 
use concomitant medications to treat symptoms related 
to AD, if they are on a stable dose for at least 12 weeks 
prior to randomization.  Upon completion of screening 
and baseline procedures, eligible subjects are randomized 
to one of the 3 ABBV-8E12 dose arms (low, medium and 
high dose) or placebo. Doses are administered every 4 
weeks via IV infusion.

The primary efficacy measure for the AD study is the 
Clinical Dementia Rating scale - Sum of Boxes (CDR-SB). 
Secondary efficacy and exploratory outcomes include 

a variety of clinical measures, biologic markers, and 
neuroimaging measures. Safety will be monitored by 
adverse event reports, physical examination, laboratory 
tests, and imaging.

The phase 2 PSP study is a multiple dose, multicenter, 
multinational, randomized, double-blind, placebo-
controlled trial designed to evaluate the efficacy and 
safety of ABBV-8E12 in patients with PSP. Eligible 
subjects are randomized to one of the two ABBV-8E12 
dose arms (low and high dose) or placebo and ABBV-
8E12 is administered every 4 weeks via IV infusion for 
a total of a 52-week treatment period. The study starts 
with a screening period of up to 8 weeks and ends with 
a follow-up period of approximately 20 weeks following 
the last study drug administration. Approximately 180 
subjects will be enrolled to meet the study objectives. 
Eligible subjects are 40 years of age or older and meet 
PSP clinical criteria in the absence of concurrent diseases 
that could confound safety or efficacy evaluations. Study 
participants are required to have PSP symptoms for less 
than 5 years and to be able to walk 5 steps with minimal 
assistance. 

The primary efficacy measure of this PSP phase 2 study 
is the PSP Rating Scale (PSPRS) (33). Secondary efficacy 
measures include a variety of biologic markers and 
clinical and neuroimaging outcome measures. Safety is 
assessed by adverse event reports, physical examination, 
laboratory tests and imaging.
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