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I. Hypotheses and Specific Aims:  
 
The project described here is a phase II, proof-of-concept, open-label trial that will evaluate the safety and 
efficacy of a 16-week treatment with Tofacitinib in people with Down syndrome (DS) and an autoimmune 
and/or autoinflammatory skin condition, collectively referred hereto as ‘immune skin conditions.’ The driving 
hypothesis for this project is that hyperactivation of interferon (IFN) signaling leads to a myriad of immune-
driven diseases and immunological phenotypes in people with Down syndrome, and that pharmacological 
inhibition of IFN signaling with Tofacitinib could have multidimensional therapeutic benefits in this population.  
Our specific aims are:  
1. To define the safety profile of JAK inhibition in people with DS, 
2. To determine the impact of JAK inhibition on the immune dysregulation caused by trisomy 21, 
3. To define the impact of JAK inhibition on immune skin conditions in DS, and 
4. To characterize the impact of JAK inhibition on cognition and quality of life in DS. 
Accordingly, our hypotheses are: 
1. Treatment with Tofacitinib for 16 weeks in people with DS will not result in a higher frequency of serious 

adverse events definitely related to treatment than reported in the typical population. 
2. Treatment with Tofacitinib for 16 weeks in people with DS will result in statistically significant reduction 

of IFN transcriptional scores. 
3. Treatment with Tofacitinib for 16 weeks in people with DS will result in statistically significant reduction 

of one or more additional markers of immune dysregulation, including a) circulating levels of inflammatory 
cytokines, b) levels of neurotoxic metabolites in the IFN-inducible kynurenine pathway, and c) levels of 
autoantibodies. 

4. Treatment with Tofacitinib for 16 weeks in people with DS will result in statistically significant percentage 
improvement in one or more measures of skin pathology, including a) Investigator’s Global Assessment, 
b) Dermatology Life Quality Index, and c) disease-specific scoring metrics. 

5. Treatment with Tofacitinib for 16 weeks in people with DS will result in statistically significant improvement 
in quality of life measured by one or more NIH PROMIS tools. 

6. Treatment with Tofacitinib for 16 weeks in people with DS will result in statistically significant improvement 
in one or more measures of cognitive function. 

 
II. Background and Significance:  
 
Trisomy 21 (T21) is the most common human chromosomal disorder, occurring in ~1/700 live births, leading 
to the condition known as Down syndrome (DS) (1, 2). A remarkable observation enabled by the significant 
increase in the life expectancy of people with DS is that T21 causes a novel disease spectrum, protecting 
these individuals from some diseases, such as most solid tissue tumors (3, 4), while strongly predisposing 
them to others, such as Alzheimer’s disease (5). Importantly, people with DS have an unequivocally high 
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prevalence of widespread immune dysregulation. In fact, they are likely to be the largest human population 
with a genetic predisposition to multi-organ autoimmunity. Multiple conditions driven by autoantibodies and 
autoreactive T cells show significantly elevated incidence among individuals with T21, including autoimmune 
thyroid disease (AITD) (6-12), celiac disease (13-19), and type 1 diabetes (20-22). Importantly, and directly 
related to the clinical outcomes to be evaluated in this trial, many immune skin conditions are also more 
prevalent in T21, including atopic dermatitis (AD), alopecia areata (AA), hidradenitis suppurativa (HS), 
psoriasis, and vitiligo (23-26).  
Several lines of evidence support the hypothesis that increased IFN signaling is the major driver of 
immune dysregulation in DS, and that pharmacological inhibition of IFN signaling could have broad 
therapeutic impacts in this population. Data shown in Preliminary Studies below demonstrate that: 1) T21 
causes consistent upregulation of the IFN transcriptional response in multiple cell types, including key 
immune cell types involved in control of autoimmunity (Figure 3) (27); 2) T21 causes changes in the 
circulating proteome indicative of chronic autoinflammation (28), including elevated levels of potent cytokines 
with mechanistic ties to IFN signaling and with established roles in human pathology (Figure 4); and 3) T21 
causes dysregulation of tryptophan catabolism toward production of neurotoxic metabolites in the IFN-
inducible kynurenine pathway (KP) (Figure 5) (29). Importantly, these results could be explained by the mere 
fact that four of the six IFN receptors (IFNRs) are encoded on chr21. Despite the wealth of data pointing to 
hyperactive IFN signaling as a driver of immune dysregulation in DS, the contribution of IFN signaling to DS 
phenotypes and associated co-morbidities has not been defined. Therefore, we propose here to test this 
hypothesis by completing a proof-of-concept clinical trial with multiple synergistic endpoints using a 
pharmacological inhibitor of IFN signaling. 
A number of therapeutic strategies have been developed to inhibit IFN signaling, including anti-IFNR 
antibodies (30), decoy IFNRs (31-33), IFN ‘vaccines’ (34), and small molecule inhibitors of the JAK kinases 
(35-37). Among these, JAK inhibitors have been the most successful, and four JAK inhibitors have been 
approved by the FDA: Tofacitinib (JAK1/3, approved for rheumatoid arthritis, psoriatic arthritis, ulcerative 
colitis, and polyarticular juvenile idiopathic arthritis), Baricitinib (JAK1/2, for rheumatoid arthritis), Ruxolitinib 
(JAK1/2, for myelofibrosis,  polycythemia vera, and acute graft-versus-host disease), and Upadacitinib 
(JAK1, for rheumatoid arthritis) (37). Multiple clinical trials have also tested JAK inhibitors for immune skin 
conditions with very positive results (38-47). Furthermore, in 2018 alone, the FDA granted Fast Track and 
Breakthrough Therapy designations to four different early-stage JAK inhibitors to treat AA and AD (48-51). 
However, the exclusion criteria for these trials prevent the participation of people with DS, as they pre-
emptively exclude participants with a history of heart malfunction, myeloproliferative disorders, hearing 
issues, hypothyroidism, etc., and often require verbal or written assessments that are difficult for some people 
with DS to complete. Therefore, a clinical trial designed exclusively for individuals with DS is amply justified. 
We propose here to utilize Tofacitinib, an FDA-approved drug known to block IFN signaling and several 
accompanying inflammatory pathways, to reduce IFN signaling in DS and to measure its effects via 
multidimensional endpoints. Given the number of studies in the typical population evaluating JAK inhibitors, 
and our own case studies using Tofacitinib in DS (see Preliminary Studies below) for immune skin conditions, 
we expect to see improvement in skin pathology in people with DS. In addition, we hypothesize that inhibition 
of chronically active IFN signaling in DS would attenuate core drivers of immune dysregulation, leading to 
improvements in other immune diseases and various phenotypical traits of DS potentially driven by 
inflammation, such as cognitive deficits. We will test these hypotheses using a battery of immune and 
molecular phenotyping assays, as well as cognitive testing and quality of life measures. 

 
III. Preliminary Studies/Progress Report:  
 
Down syndrome and co-occurring immune conditions. 
In 2016, we established The Crnic Institute’s Human Trisome Project (HTP, COMIRB 15-2170, 
www.trisome.org) to investigate mechanisms driving the different disease spectrum in DS. As of July 2019, 
we had enrolled 675 participants, 449 of them with DS, including 279 adults (>18 years). Analysis of 

http://www.trisome/
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participant surveys and medical records reveals 
that ~70% of adults with T21 have been diagnosed 
with at least one immune disorder (Figure 1A). 
Similar to what has been observed in the typical 
population, autoimmune conditions tend to cluster 
in DS, with ~27% of individuals being diagnosed 
with two or more such conditions (Figure 1A-B). 
AITD is the most common immune disorder in our 
cohort (~56% of adults), in agreement with reports 
showing anti-thyroid antibodies being present in 
~60% of adults with DS (9-11, 52). Surprisingly, 
immune skin disorders are the second most 
common diagnosis among immune disorders, 
occurring in ~31% of participants (Figure 1C). The 
most prevalent immune skin disorder is dermatitis 
(mostly atopic), followed by HS, AA, psoriasis, and 
vitiligo (Figure 1B). Upon closer analysis of medical 
history data, we noted that many individuals self-
report issues like “rough” skin, and that some 
general practitioners provide non-specific skin 
diagnoses like “boils” or “folliculitis.” However, in 
many cases a dermatologist was never consulted 
for a proper assessment and diagnosis. Thus, we 
anticipate that many more individuals in our cohort may have undiagnosed immune skin conditions. Finally, 
also of high prevalence in our cohort is celiac disease, occurring in ~9% of participants (Figure 1C). In 
addition to these obvious signs of systemic immune dysregulation, people with DS display strong 
neuroinflammation from an early age, which could contribute to a wide range of neurological conditions more 
prevalent in DS, such as autism and epilepsy (53-56), while also potentiating the effects of triplication of the 
amyloid precursor protein (APP) gene in the development of Alzheimer’s disease (57-64).  
Our HTP study currently includes two participants with DS who are taking Tofacitinib for AA who have had 
remarkable recovery of hair loss. The first participant developed an ophiasis pattern of AA when she was 6 
years old. This AA pattern, affecting the lower occipital area of the scalp, is most common in individuals with 
DS (23, 24), and is typically very resistant to treatment (65). We have collected more than a decade of 
extensive clinical history from both her primary care provider and her dermatologist. At the age of 16, the AA 
began to spread to additional areas of the scalp, to which topical steroid and monthly injections of 
corticosteroids were administered at up to 12 sites in the scalp for two years to little effect. Her dermatologist, 
who became aware of the results of the clinical trials of JAK inhibitors for AA in typical people (35, 38-45, 47, 
66-68), then requested Tofacitinib through Pfizer’s Compassionate Access program. Within one month of 
taking 5mg BID, fine hair re-growth was evident, at two months hair growth was dramatic, and at 3 months 
hair re-growth was almost complete (Figure 2A). The participant continues to cycle on and off the drug at 
approximate 3-month intervals of BID, SID, and washout periods. During the 4th cycle, at age 23, the 
participant experienced an almost complete re-growth of hair in the area affected by ophiasis AA for the first 
time in 15 years. After six years of taking 
Tofacitinib, the participant has not reported any 
undesired side effects, with consistently normal 
blood test results. More recently, Dr. Norris from 
our study team began treatment with Tofacitinib 
of a 15-year-old male with DS and AA. This 
individual reported having thick hair prior to age 
13, when AA developed with intermittent patchy 
hair loss over the entirety of the scalp. At age 15, 
AA significantly worsened over the course of six 

 
Figure 2. Individuals with DS and AA treated with the JAK inhibitor 
Tofacitinib. Pictures showing rapid hair recovery during Tofacitinib 
treatment for 23-year-old female (A) and 15-year-old male (B). 
 

 
Figure 1. Individuals with Down syndrome are predisposed to 
diverse immune conditions. A. Pie chart showing prevalence of 
immune disorders in adults with DS enrolled in the Human Trisome 
Project. B. Pie chart showing types of immune skin conditions reported. 
C. Upset plot showing overlap of immune conditions in adults with DS. 
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months to >50% hair loss (Figure 2B). The participant then began 5mg BID Tofacitinib treatment and topical 
clobetasol external solution (0.05%) once daily, which resulted in fluffy, down-like hair regrowth after one 
week. After two months on Tofacitinib, the participant showed complete regrowth of hair with no small 
patches of hair loss on the parietal, occipital, temporal, frontal or vertex areas, and subsequent growth 
restored the texture and color of his normal hair (Figure 2B), and the clobetasol solution was discontinued. 
Cell blood counts and comprehensive metabolic panel performed after eight weeks on Tofacitinib showed 
no changes from baseline bloodwork. No adverse effects have been noted and the individual remains on 
5mg Tofacitinib twice daily. 
Molecular characterization of immune dysregulation caused by T21.  
In 2016, we reported the results from the 
most thorough characterization of the gene 
expression changes produced by T21 to 
date (27). Using a combination of RNA-
seq, SOMAscan proteomics, and shRNA 
screening, we found that T21 consistently 
activates the IFN response. We reported 
the results of RNA-seq analyses from four 
different cell types with and without T21: 
skin fibroblasts, B cell lymphoblastoids, 
and freshly isolated T cells and monocytes 
(27). These efforts identified a genome-
wide signature dominated by 
overexpression of IFN-stimulated genes 
(ISGs) downstream of Type I, II, and III IFN 
signaling (Figure 3A). Ingenuity Pathway 
Analysis (IPA) of the RNA-seq data 
predicts that this signature can be 
explained in large measure by activation of 
components of the three types of IFN signaling (Figure 3B). Notably, the JAK1 kinase is required for all three 
types of IFN signaling (Figure 3A), providing strong rational for selecting an inhibitor of JAK1 for use in T21. 
Using these data, we also determined that individuals with DS have elevated Type I “IFN scores” in T cells 
(Figure 3C). IFN scores have been developed repeatedly for other IFN-driven conditions (69-71), and consist 
of an composite score that integrates mRNA expression values for multiple ISGs into a single numerical 
value that can be used to track 
correlations with disease severity (71). 
IFN scores have also proven effective to 
monitor the impact of JAK inhibition in 
clinical trials (69). In the clinical trial 
proposed here, we will use IFN scores as 
a Primary Endpoint to assess the efficacy 
of Tofacitinib to attenuate IFN signaling 
in DS (see Outcome Measures below). 
In 2017, we reported the results of the 
largest plasma proteomics study of 
people with DS to date (28). This study 
involved four cohorts totaling 263 
participants, 165 of them with DS, ages 
six months to 43 years. Using 
SOMAscan technology to measure up to 
3,585 proteins in plasma, we identified 
299 proteins that are differentially 

 
Figure 3. Trisomy 21 consistently activates the Interferon response. A. A 
genome-wide signature is dominated by overexpression of ISGs downstream of 
Type I, II, and III IFN signaling. B. IPA upstream regulator analysis of RNA-seq 
data reveals consistent activation of the IFN transcriptional response in T21 
fibroblasts, lymphoblastoids, monocytes, and T cells. C. Example of IFN alpha 
activation scores driven by elevated ISG expression in T cells with T21 versus 
euploid controls (D21). 

 
Figure 4. T21 causes changes in the circulating proteome indicative of chronic 
autoinflammation with links to IFN signaling. A. Box and whisker plots for elevated 
inflammatory cytokines in people with DS detected by MSD assays (n=54 D21 versus 
75 T21). p values calculated with KS test. B. Cytokine score created as a composite 
Z score for the four cytokines in (A). C. Values for individual cytokines or cytokine 
scores do not show obvious age-dependency. D. Among people with DS with varying 
degrees of cytokine levels, their inflammatory markers are stable over a year (n= 33). 
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abundant in the circulation of people with DS, with ~50% of these being involved in control of the immune 
system (28). Recently, we expanded on these SOMAscan results by measuring a set of 55 cytokines using 
Meso Scale Discovery (MSD) assays in a cohort of 129 individuals (75 with T21), which revealed that people 
with DS have significantly elevated levels of potent inflammatory cytokines and chemokines known to act 
downstream of IFN signaling with known roles in immune conditions, such as IP10 (IFN-inducible protein 
10), TNFα, CRP, and IL6 (Figure 4A). These findings enabled us to create a ‘Cytokine Score’, aggregating 
the Z-scores for these four cytokines (Figure 4B). We then asked whether elevation of individual cytokines 
or the composite cytokine score was age-dependent, which revealed no obvious correlation with age, 
regardless of karyotype (Figure 4C). Finally, we analyzed these values for the same individuals sampled one 
year apart, which revealed a remarkable stability in their inflammatory markers (Figure 4D). Thus, although 
inflammation is highly variable among people with DS, the degree of inflammation seems to be stable over 
time for a given individual, which could explain the high inter-individual variability in the phenotypic 
manifestation of immune conditions in DS. In the clinical trial proposed here, we will use MSD technology to 
analyze levels of inflammatory cytokines as another strategy to assess the efficacy of Tofacitinib to reduce 
immune dysregulation in DS (see Outcome Measures below).  
Finally, we recently completed a plasma metabolomics study using mass spectrometry on 170 samples, 72 
of them from individuals with DS, which revealed that T21 causes profound dysregulation of tryptophan (TRP) 
metabolism, leading to elevated levels of kynurenine (KYN) and its derivative quinolinic acid (QA) in people 
with DS (Figure 5A-C) (29). These results could be explained by induction of the IDO1 enzyme, a known ISG 
that catalyzes the rate-limiting step in this pathway (72), and which we found to be significantly overexpressed 
in immune cells of people with DS (Figure 5D). Furthermore, we found a strong positive correlation between 
activation of the KYN pathway and levels of inflammatory cytokines such as TNFα (Figure 5E). The observed 
upregulation of QA is a critical result, because QA is a potent neurotoxic metabolite that acts as a super-
agonist of NMDA receptors, and a known driver of pathology in many neuro-degenerative diseases (73). In 
mouse models of DS, counteracting QA 
neurotoxicity with the NMDA antagonist 
memantine was shown to reverse 
cognitive defects (74-77), and memantine 
is currently being tested in clinical trials for 
cognition in DS (NCT02304302). 
Importantly, KYN is also known to drive 
neuropathology (78-84). Altogether, these 
results support our hypothesis that JAK 
inhibition could improve cognitive function 
in DS by decreasing IFN signaling, IDO1 
expression, and KYN/QA production. In 
the clinical trial proposed here, we will 
perform targeted plasma metabolomics 
using these established pipelines to 
assess whether JAK inhibition with 
Tofacitinib normalizes levels of 
metabolites in the TRP pathway (see 
Outcome Measures below).  
Cognition in Down syndrome.  
All individuals with DS have some degree of cognitive impairment which most often occurs in the mild to 
moderate range of disability. The areas of executive function, long-term (episodic) memory, spatial 
processing, and processing speed, typically present more pronounced challenges relative to overall levels 
of delay (85, 86). Neuroanatomical features associated with DS may be linked to hyperactive IFN signaling 
include demyelination, atypical hippocampal presentation, and cerebellar atrophy (73, 74, 87, 88). These 
neuroanatomical features could obviously contribute to the neurocognitive phenotypes associated with DS 
(89), and some may pose an irreversible constraint on cognitive function. However, a reduction of the 

 
Figure 5. Trisomy 21 induces the kynurenine pathway. A. Volcano plot showing 
results of a plasma metabolomics experiment on 120 participants, 72 of them with 
T21. B. Overview of tryptophan catabolism pathways. C. Quinolinic acid (QA) is 
significantly elevated in plasma of people with DS. D. RNA-seq shows that IDO1 is 
overexpressed in white blood cells from people with DS. E. Spearman correlation 
analyses revealed strong association between activation of the kynurenine pathway 
and circulating levels of cytokines such as TNFα measured in the same plasma 
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neuroinflammatory phenotype of DS (90-98) may have therapeutic benefits, even in adults. Given the well-
documented negative impact of hyperactive IFN signaling on brain function, from excessive synapse pruning 
by IFN-activated microglia to global impairments in cognitive function upon acute IFNα administration (99-
106), we hypothesize that reducing IFN signaling via JAK inhibition could improve cognition and 
behavior regulation in DS. Of note, Tofacitinib was shown to cross the blood-brain barrier in mice (107). 
Thus, we will assess changes in selected cognition and overall quality of life metrics for individuals with DS 
upon JAK inhibition.  
 
IV. Research Methods 
 

B. Outcome Measure(s):  
 
Name. Evaluate the safety of Tofacitinib in people with DS. 
Type. Primary Endpoint. 
Time Frame. Baseline through 16 weeks. 
Brief Description. Adverse events (AEs) will be recorded, classified, and closely monitored by study 
coordinators and doctors. Based on published safety data, we calculate that we should have no more than 
two serious adverse events (SAE) definitely related to treatment over the course of 16-weeks in order to 
demonstrate comparable safety to the typical population. 
 
Name. Change in IFN scores in the transcriptome of white blood cells. 
Type. Primary Endpoint. 
Time Frame. Baseline and 16 weeks.  
Brief Description. Using published methods, IFN scores will be calculated using RNA-seq from whole blood 
RNA. A two-sided, paired Student’s t-test will be used to determine the significance of any changes observed. 
 
Name. Change in IGA. 
Type. Secondary Endpoint. 
Time Frame. Baseline and 16 weeks. 
Brief Description. The Investigator’s Global Assessment (IGA) is commonly used in clinical trials to assess 
overall severity of skin disease and is undiscerning of any one specific skin condition. A two-sided, paired 
Student’s t-test will be used to determine the significance of any changes observed. 
 
Name. Change in DLQI. 
Type. Secondary Endpoint. 
Time Frame. Baseline and 16 weeks. 
Brief Description. The Dermatology Life Quality Index (DLQI) is a patient reported outcome commonly used 
in clinical trials to assess quality of life as it relates specifically to skin diseases. A two-sided, paired Student’s 
t-test will be used to determine the significance of any changes observed. 
 
Name. Change in EASI in participants with AD. 
Type. Secondary Endpoint. 
Time Frame. Baseline and 16 weeks. 
Brief Description. The Eczema Area and Severity Index (EASI) is commonly used in clinical trials to assess 
AD. A two-sided, paired Student’s t-test will be used to determine the significance of any changes observed. 
 
Name. Change in SALT in participants with AA. 
Type. Secondary Endpoint. 
Time Frame. Baseline and 16 weeks.  
Brief Description. The Severity of Alopecia Tool (SALT) is commonly used in clinical trials to assess AA. A 
two-sided, paired Student’s t-test will be used to determine the significance of any changes observed. 
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Name. Change in MSS in participants with HS. 
Type. Secondary Endpoint. 
Time Frame. Baseline and 16 weeks.  
Brief Description. The Modified Sartorius Score (MSS) is commonly used in clinical trials to assess HS. A 
two-sided, paired Student’s t-test will be used to determine the significance of any changes observed. 
 
Name. Change in PASI in participants with psoriasis. 
Type. Secondary Endpoint. 
Time Frame. Baseline and 16 weeks.  
Brief Description. The Psoriasis Area and Severity Index (PASI) is commonly used in clinical trials to assess 
psoriasis. A two-sided, paired Student’s t-test will be used to determine the significance of any changes 
observed. 
 
Name. Change in VETI in participants with vitiligo. 
Type. Secondary Endpoint. 
Time Frame. Baseline and 16 weeks.  
Brief Description. The Vitiligo Extent Tensity Index (VETI) is commonly used in clinical trials to assess vitiligo. 
A two-sided, paired Student’s t-test will be used to determine the significance of any changes observed. 
 
Name. Change in levels of inflammatory cytokines. 
Type. Secondary Endpoint. 
Time Frame. Baseline and 16 weeks.  
Brief Description. The Meso Scale Discovery platform will be used with a custom V-PLEX kit to assess levels 
of multiple cytokines elevated in people with Down syndrome, including four cytokines that will be used to 
create a composite Cytokine Score: IP10, TNFα, CRP, IL6. A two-sided, paired Student’s t-test will be used 
to determine the significance of any changes in the Cytokine Score observed. 
 
Name. Change in levels of neurotoxic metabolites in the kynurenine pathway. 
Type. Tertiary Endpoint. 
Time Frame. Baseline and 16 weeks.  
Brief Description. Using established mass spectrometry protocols, identification and quantification of 
kynurenine, quinolinic acid, and the kynurenine/tryptophan ratio will be performed. A two-sided, paired 
Student’s t-test with FDR correction will be used to determine the significance of any changes observed. 
 
Name. Change in levels of autoantibodies related to AITD. 
Type. Tertiary Endpoint. 
Time Frame. Baseline and 16 weeks.  
Brief Description. Levels of autoantibodies associated with hypothyroidism including anti-thyroperoxidase 
(TPO), anti-thyroglobulin (TG), and anti-thyroid stimulating hormone receptor (TSHr), will be assessed using 
established clinical assays. A two-sided, paired Student’s t-test with FDR correction will be used to determine 
the significance of any changes observed. 
 
Name. Change in levels of celiac disease-associated autoantibodies. 
Type. Tertiary Endpoint. 
Time Frame. Baseline and 16 weeks.  
Brief Description. Levels of autoantibodies associated celiac disease including anti-tissue transglutaminase 
(tTG) and anti-deamidated gliadin peptide (DGP), will be assessed using established clinical assays. A two-
sided, paired Student’s t-test with FDR correction will be used to determine the significance of any changes 
observed. 
 
Name. Change in Leiter 3 International Performance Scale scores. 
Type. Tertiary Endpoint. 
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Time Frame. Baseline and 16 weeks. 
Brief Description. The Leiter 3 cognitive battery provides a broad non-verbal assessment of cognitive 
function, including executive function and spatial processing. We will employ the Sustained attention, 
Nonverbal Stroop Tasks, Forward and Backward Memory and Sequential Order subdomains, to assess 
inhibitory control, cognitive flexibility, working memory, and spatial processing respectively. An FDR-
corrected Wilcoxon signed-rank test (matched pairs) will be used to determine the significance of any 
changes observed. 
 
Name. Change in CANTAB scores. 
Type. Tertiary Endpoint. 
Time Frame. Baseline and 16 weeks. 
Brief Description. The Cambridge Neuropsychological Test Automated Battery (CANTAB) assesses motor 
response time and working memory quickly and reliably in individuals with Down syndrome. The CANTAB 
Paired Associate Learning subdomain will be used to measure episodic learning and the Reaction Time 
Interval subdomain used to measure processing speed. An FDR-corrected, two-sided, paired Student’s t-
test will be used to determine the significance of any changes observed. 
 
Name. Change in Science of Behavior Change Simple Reaction Time scores. 
Type. Tertiary Endpoint. 
Time Frame. Baseline and 16 weeks. 
Brief Description. The Science of Behavior Change (SOBC) Simple Reaction Time (SRT) is used to assess 
the reaction time upon seeing a stimulus. An FDR-corrected, two-sided, paired Student’s t-test will be used 
to determine the significance of any changes observed. 
 
Name. Change in NEPSY II scores. 
Type. Tertiary Endpoint. 
Time Frame. Baseline and 16 weeks. 
Brief Description. The NEuroPSYchological Assessment, Second Edition (NEPSY II) is used to assess 
neuropsychological development. The Visuomotor subdomain will be used to measure motor development.  
 
Name. Change in PROMIS survey tools of quality of life.  
Type. Tertiary Endpoint. 
Time Frame. Baseline and 16 weeks. 
Brief Description. The NIH Patient-Reported Outcomes Measurement Information System (PROMIS) tool is 
a rigorously tested patient reported outcome (PRO) measurement tool that uses recent advances in 
information technology, psychometrics, and qualitative, cognitive, and health survey research to measure 
PROs that have a major impact on quality-of-life across a variety of chronic diseases. The Anxiety, 
Depression, and Applied Cognitive General Concerns Short Forms will be used, as well as the Positive Affect 
Pediatric Short form, to assess general quality of life. A two-sided, paired Student’s t-test will be used to 
determine the significance of any changes observed. 
 
 
B. Description of Population to be Enrolled:  
 
We will enroll adolescents and adults (age 12-50) with DS and one or more active immune skin conditions, 
including AD, AA, HS, psoriasis, and vitiligo (see Preliminary Studies Figure 1). Additional immune-driven 
skin conditions may also be included at the discretion of our dermatologists. Our specific inclusion and 
exclusion criteria are: 
 
Inclusion Criteria 
- Males or females with DS between 12 and 50 years of age who weigh at least 40 kg. 
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- Diagnosis of at least one active immune skin condition, including but not limited to:  
Moderate-to-severe atopic dermatitis 
Alopecia areata affecting at least 25% of the scalp 
Moderate-to-severe hidradenitis suppurativa 
Moderate-to-severe psoriasis 
Moderate-to-severe vitiligo. 

- Be willing to avoid pregnancy or fathering children.  
- Must present with a study partner or legal guardian who can complete, or assist with completing, study 

materials as appropriate. 
Exclusion Criteria 
- Weigh less than 40 kg. 
- Pregnancy or breast feeding. 
- No study partner or legal guardian. 
- Vaccination with live attenuated virus within six weeks of inclusion in the study or planned during the 

study. 
- Clinically significant chronic or active viral infection including but not limited to HIV, hepatitis, CMV, 

EBV, HSV. 
- Severe renal impairment. 
- History of malignant solid tumor cancer within five years prior to study entry or where there is current 

evidence of recurrent or metastatic disease. 
- Poor venous access not allowing repeated blood tests or non-compliance with venipuncture 

requirements. 
- Prior treatment with a JAK inhibitor or with an investigational agent, device, or procedure within 21 days 

of enrollment. 
- Concomitant treatment with other immunosuppressants (e.g. corticosteroids, methotrexate) or strong 

CP3A4 or CYP2C19 inhibitors or inducers (e.g. ketoconazole, fluconazole). 
- Known allergies, hypersensitivity, or intolerance to Tofacitinib. 
- History of thrombotic disorder. 
- Superficial skin infection within 2 weeks of inclusion in the study. 
- History of disseminated herpes zoster, disseminated herpes simplex, or recurrent localized dermatomal 

herpes zoster. 
- Intravenous antimicrobial therapy within 3 months of inclusion in the study. 
- Oral antimicrobials within 2 weeks of inclusion in the study unless on a stable chronic dose and 

approved by a study doctor. 
- Participants may be excluded for other unforeseen reasons at the study doctor’s discretion. 
- Unable to provide assent in cases where informed consent is obtained from other authorized 

representative. 
- Kidney transplant within the last two years 
- Any history of heart attack or stroke. 
- Any history of lymphoma. 
- Past or current smokers. 

 
C. Study Design and Activities  
 
Recruitment and Pre-Screening. 
Recruitment activities for the clinical trial will employ seven major resources available to the study team:  
(1) The NIH DS-Connect® Registry. DS-Connect was created to “encourage the exchange of information 
about Down syndrome research, support, and care” and currently has registered over 5300 participants with 
Down syndrome. We will work with the DS-Connect® team to advertise the trial, identify any potential 
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participants, and attract interested participants in the Colorado and surrounding areas, including western 
Kansas, northern New Mexico and Arizona, and eastern Utah.  
(2) The Crnic Institute Human Trisome Project (HTP). Since start of operations in 2016, our ongoing cohort 
study has enrolled 450+ individuals with Down syndrome (DS), 280+ of them adults, and will be a valuable 
and significant resource for recruitment to the trial. We will contact all adults with DS in this cohort who have 
agreed to be contacted about future research opportunities and who have any history of a skin condition to 
provide information about the new Clinical Trial and bring participants in for screening. 
(3) The Sie Center for Down Syndrome at Children’s Hospital Colorado (Sie Center). The Sie Center has 
provided medical care to over 2000 individuals with DS and is among the largest provider of specialized 
medical care for DS in the United States. While the Sie Center focuses mainly on the pediatric population, 
they provide care to patients up to 25 years of age. Our team already works closely with the Sie Center for 
recruitment to the HTP, and we will continue to leverage this relationship to identify and recruit adolescents 
and young adults for the Clinical Trial, ages 12-25. 
(4) The Global Down Syndrome Foundation (Global). Global provides community support, advocacy, and 
education initiatives to the population with DS in the Denver-metro area and worldwide. Global is an affiliate 
organization of the Crnic Institute and will partner with our team to host education and recruitment events for 
the local DS community. Global has been instrumental in the success of the HTP and will strongly support 
this trial with continued efforts to engage the community and disperse our team’s IRB-approved research 
and recruitment materials. Our team will also partner with Global to attend Down syndrome events in the 
greater region for recruitment purposes. 
(5) The Denver Health Down Syndrome Adult Clinic (Adult Clinic). The Adult Clinic is a new initiative by the 
Global Down Syndrome Foundation to provide continuing specialized medical care to adults with DS who 
have aged out of the Sie Center. The clinic operates one day per week at a Denver Health clinic, located ~15 
miles away from the University of Colorado Anschutz Medical Campus. One of the primary goals of this clinic 
is to connect adults with DS to research opportunities, and a clinical coordinator from our team will regularly 
be present at the clinic to share study information with patients interested in research. 
(6) The University of Colorado Hospital (UCH). Study doctors from the Dermatology Clinic at UCH will see 
participants for clinical visits for this study. A larger recruitment campaign of all patients with Down syndrome 
seen at UCH will allow us to reach a potential base of over 1200 individuals with DS from the surrounding 
region. As this hospital accepts both private and most public insurance, these recruitment efforts will allow 
us to reach a diverse population. Aggregate reports from electronic medical records indicate that, in the past 
3 years, 89 unique patients (ages 18+) with DS were seen at UCH for a complaint of AA, AD/eczema or 
HS/folliculitis.  
(7) Children’s Hospital Colorado (CHCO) Dermatology. The Dermatology Department at CHCO sees patients 
from the multi-state area, including individuals with DS. With five dermatologists on staff, including one who 
is a study doctor, this new relationship offers an exciting opportunity to offer clinical trial participation to 
patients who may benefit.  
(8) Finally, we will also work with clinicians and collaborators across the country to facilitate the referrals of 
their patients who may be willing and able to travel and benefit from participation in this trial. We will also use 
advertisements in the general community and recruit at appropriate events.  
Travel costs will be re-imbursed for a participant and study partner to attend to ensure that travel is not a 
barrier to participation. To ensure travel costs are offered equitably, the following matrix will be used based 
on Google reported drive times. Additional special circumstances will be considered on a case-by-case basis. 

a) Up to a one hour drive:  no additional compensation for personal vehicles. Applicable ride-share 
coverage re-imbursed upon receipt.  
b) Travel time over one hour: $0.52/mile, plus lodging at hotel adjacent to the University or 
compensation ($150/night), if necessary. Applicable ride-share coverage reimbursed upon receipt. 
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c) Out-of-state/not drivable: Compensation for coach class tickets for participant and study partner 
per visit, plus lodging at hotel adjacent to the University or compensation ($150/night). All flight 
choices must be pre-approved by the study team. Alternatively, a single round-trip ticket and 
accommodation for the 4-5 months of the study will be provided to participant and study partner not 
willing to travel multiple times over the course of the study. Applicable ride-share coverage or rental 
car coverage reimbursed upon receipt.  

Advertising materials, such as flyers or mailers, will be distributed through each of the recruitment sources 
listed above, including in person, by email and/ or mailed to home address of potential participants. 
Advertising materials will be tailored based on the specific audience being targeted and the current 
enrollment needs of the study. For example, advertising materials created for distribution at a large Down 
syndrome conference with a variety of attendees when the study is in its early phases of recruitment and 
enrollment would use broad language encompassing multiple skin conditions, such as “Research to 
determine whether Tofacitinib is a safe and effective treatment for skin conditions in people with Down 
syndrome.” By contrast, later in the recruitment phase, the team may wish to perform targeted recruitment 
to increase representation of participants with AA, for example. In this case, advertising materials would be 
created for distribution specifically by our clinician partners to their patients with AA and would use more 
specific language, such as “Research to determine whether Tofacitinib is a safe and effective treatment for 
alopecia areata in people with Down syndrome.” These varied language options are detailed in the COMIRB 
Advertising Components Submission Form, where the use of brackets around broad phrases like “skin 
conditions” or “immune skin conditions” indicates that we may substitute this wording for one of the specific 
immune skin conditions being studied, like “alopecia areata,” as needed to perform targeted recruitment. In 
all cases, one phrase from the “Study Title or other Ad Headers” section and 1-2 phrases from the “Purpose 
of the Research Study” section would be selected to create the advertising material. 
Pre-screening phone interviews may be performed when appropriate to assist in identifying individuals who 
are likely to meet all eligibility criteria. Pre-screening interview questions will collect information about a 
person’s demographics, health history, and any active skin conditions they may have, and will walk through 
the trial’s inclusion and exclusion criteria. Participants will be advised of exclusionary medications and the 
required washout period, and that they should consult their doctor before stopping any medications before 
the screening visit. We may also ask for photographs to be sent to the study team via encrypted email or by 
text (participant’s preference) to allow dermatologists to perform an initial assessment of skin condition 
severity to prevent unnecessary screening visits from participants who clearly would not meet inclusion 
criteria. 
Our recruitment and pre-screening efforts will be intentionally broad in order to bring in individuals with DS 
with any potentially immune-driven skin condition for a screening visit. In our experience with the HTP, many 
individuals self-report issues like “dry” or “rough” skin, or medical records will indicate non-specific diagnoses 
like “boils.” However, in many cases a dermatologist was never consulted for a proper diagnosis. Thus, we 
anticipate that some individuals will qualify for the trial without otherwise having known that they actually 
have AD or HS, for instance. Based on our experience in dermatology clinical trials, we estimate that between 
25-50% of individuals recruited and brought in for a screening visit will end up “failing” and will not qualify for 
or be willing to comply with the trial criteria. We also estimate that up to 15% of participants will be lost over 
the course of the ~5-month study timeline due to attrition. These considerations lead us to plan to recruit 77 
individuals for screening in order to enroll 47 individuals, of whom 40 will complete the study. However, to 
account for additional unforeseen screen fails and attrition, we are asking to screen up to 100 participants. 
Informed Consent, Assent, LARs, and Consent Procedures. 
Upon successful recruitment and/or pre-screening of a participant, an initial screening visit will be set up to 
obtain informed consent and assent and definitively determine study eligibility. At the screening visit, a clinical 
coordinator will ensure the participant’s, or their guardian who is legally able to sign the consent form (e.g. 
Legally Authorized Representative [LAR], or Medical Durable Power of Attorney for Health Care [MDPOA-
HC] holder), full understanding of the clinical trial and its research purpose, including the study objective, 
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risks and benefits, the right to non-participation, review processes, emergency medical treatment, and the 
Research Subject’s Bill of Rights. 
The informed consent form will describe all aspects of the study including consent for genetic research and 
making deidentified and/or coded data publicly available in accordance with NIH requirements. As part of the 
consent, participants will have the option to agree to be contacted for future expanded studies. The consent 
forms specify that specimens will be used solely for research purposes, that the tests performed are not 
intended for clinical diagnostic purposes, and that the participants will not receive results from these studies.  
At the time of informed consent, participants will also be given information about the HTP (COMIRB 15-2170) 
and will be given the option to consent to this study as well. In cases where participants agree to dual consent 
in both studies, extra tubes of blood will be drawn and any samples and identified data remaining after 
completion of the research activities described in this clinical trial protocol would be available for ongoing, 
complementary studies under the HTP protocol. Participants who do not choose to dual consent to the HTP 
can optionally allow for their deidentified data and remaining samples to be transferred to the HTP at the end 
of this study.  
All participants must have a legal guardian or study partner present at every study visit in order to participate 
in the clinical trial, regardless of cognitive ability. Adolescents under the age of 18 and some adult participants 
with DS will be unable to consent for themselves due to lower cognitive ability. Adult participants who have 
existing Legal Guardian/Legally Authorized Representative/Medical Durable Power of Attorney for 
HealthCare paperwork or similar proxy documented in their accessible Epic record or provided will take 
precedence for decisional capacity. If none of these exist, decisional capacity for consent will be made by an 
independent clinician.  
An independent witness will also be present for assent, if necessary. If an adult with DS is cognitively unable 
to provide consent for themselves, a guardian who is legally able to sign the consent form may consent for 
the participant. In this case, and in the case of adolescent participants under the age of 18, assent must also 
be obtained from the participant and will not be over-ridden by the guardian’s wishes. If it is determined a 
participant does not have capacity to provide consent or assent, they will not be enrolled in the study. When 
enrolling a participant with DS, every effort will be made to include trusted representatives of a participant, 
while respecting the personal autonomy of all participants. Although in-person assessment of decisional 
capacity, consent and assent is preferable to the study team, all or part of these procedures may be 
completed by HIPAA-compliant Zoom meeting in order to minimize face-to-face interaction time. The 
independent witness described above will be included in all Zoom meetings where the study participant is 
directly involved. If remote consent is obtained, the consent form will be emailed to the participant to print 
prior to the meeting or sent by mail. The study team member will observe the participant, or their guardian, 
sign the consent form. The wet-ink signed consent form will be returned to the study team before any study 
procedures take place at the Screening appointment. 
Remote consent may be obtained from a participant or guardian who has the proper guardianship documents 
in place. Assent may also be obtained in person or from the study participant via Zoom. If the participant 
declines assent, no additional study procedures will occur. The study team recognizes that remote consent 
/ video conferencing will not be appropriate for all participants. Participant’s preference for consent 
administration will take priority, unless the independent witness determines that a preference for remote 
consent / assessment is not appropriate for a given individual.      
A participant’s status will be considered ‘Enrolled’ once results from screening are available and reviewed, 
and the participant attends the Baseline visit. 
Study Visits and Activities. 
The initial screening visit will include assessments to ensure each participant is in overall fair health and 
would not have any additional or unnecessary risks while taking Tofacitinib. These screening assessments 
include: skin assessment to officially diagnose any immune skin condition, complete physical exam, 
collection of vitals, chest radiographs, ECG, pregnancy test for females if not surgically sterile or two years 
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post-menopause, and 
tuberculosis test. A blood draw 
will be performed for basic safety 
monitoring labs, which include 
hematology (CBC with WBC 
differential) and standard blood 
chemistry to assess hemoglobin, 
serum creatinine, bicarbonate, 
creatine phosphokinase, liver 
function (ALT, AST, ALP, 
albumin, bilirubin), and lipids 
(LDL, HDL, triglycerides, 
cholesterol). Blood draws are 
non-fasting. If a clinically relevant LDL, HDL, or triglycerides measure is obtained after the Baseline visit, a 
fasting draw will be obtained for follow-up. At the screening visit, viral surveillance for CMV, HSV1&2, and 
EBV will also be performed, as well as screening for HIV and hepatitis. TSH will also be drawn at screening, 
8-weeks, and 16-weeks, as well as at 28 and 40 weeks for those in the Extension Arm, for those with positive 
thyroid autoantibodies at screening or a known hypothyroid diagnosis, to give clinical relevance to the AITD 
autoantibodies. See Table 1 for minimum score for inclusion criteria for each skin condition and Table 2 for 
list of safety labs collected. Study doctors may offer a skin numbing cream before all study related blood 
draws. 
Informed consent and assent forms will also be obtained before or at the screening visit. After receiving 
results from all screening tests and confirming eligibility, a study doctor will prescribe Tofacitinib from the 
UCHealth or CU Anschutz Medical Center Investigational Pharmacy. We anticipate participants will return 
for their baseline visit within approximately four weeks of their screening visit. If the duration between 
Screening and Baseline visit is longer than 4 weeks, study doctors may order screening labs again at their 
discretion. At the baseline visit, participants will be instructed to begin administration of oral Tofacitinib at 5 
mg BID the following morning. Study visits are timed at Time 0 (baseline), 2, 4, 8, 12, and 16-weeks 
throughout the course of treatment, as well as 2 weeks after ending treatment (18 weeks in total to complete 
study visits). Participants in the Extension Arm will have an additional visit at 28 weeks with the final follow-
up visit at 40-week. Each study visit will occur +/- 3-days of this schedule determined from Time 0 (baseline), 
except for Extension Arm visits that will occur +/- 7 days of the ideal visit schedule. Missed study visits or 
visits that occur outside of this window will be reported as a protocol deviation/violation and will not change 
the original schedule. A missed study visit that was supposed to include dispense of Tofacitinib should be 
rescheduled, even if outside the allowed window. Study doctors will not continue the Tofacitinib prescription 
without current safety labs. 

Condition Assessment  Minimum score 

Moderate-to-severe  
atopic dermatitis 

Eczema Area and Severity 
Index (EASI) 

 ≥ 16  

Alopecia areata affecting  
at least 25% of the scalp 

Severity of the Alopecia Tool 
(SALT) 

 ≥ 25 

Moderate-to-severe  
hidradenitis suppurativa 

Hidradenitis suppurativa - 
Physician’s Global 
Assessment (HS-PGA) 

 ≥ 3 

Moderate-to-severe  
Psoriasis 

Psoriasis Area and Severity 
Index (PASI) 

≥ 10 

Moderate-to-severe  
Vitiligo 

Vitiligo Extent Tensity Index 
(VETI) 

≥ 2 

Table 1. Minimum score for inclusion criteria for each skin condition. 
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Each visit will entail a physical exam, collection of vital signs, recording and monitoring of adverse events 
(AEs, see below), and a blood draw for the same battery of safety monitoring labs described in the screening 
procedures above. A follow-up ECG will be performed for all participants at the 4-week visit and as needed 
based upon concomitant medications at the study doctor’s discretion. An audiogram will be performed before 
beginning treatment and after 15-16 weeks of treatment, to ensure Tofacitinib has not impacted hearing. A 
recent audiogram performed within the past 12 months for clinical reasons can be provided or accessed by 
the study team will be accepted, given that the appropriate elements were evaluated and no change in 
hearing status is anticipated. A negative Quantiferon Gold, Quantiferon Gold Plus or Quantiferon Gold HA 
and chest x-ray that have been obtained for clinical reasons within the past 12 months will be accepted for 
screening purposes if no change in TB status is anticipated. Participants will receive a tuberculosis screen 
at least every 12 months while in the study. Outside laboratory results will be accepted at the study doctor’s 
discretion (Figure 6). Every effort will be made to have the same study doctor meet with a participant at each 
visit to minimize interrater bias. Skin conditions will be formally assessed at screening, baseline, 8, and 16 
weeks by a dermatologist using standard and accepted metrics, such as: Investigator's Global Assessment 
(IGA) and Dermatology Life Quality Index (DLQI) for all skin conditions, Eczema Area and Severity Index 
(EASI) for AD, Severity of Alopecia Tool (SALT) for AA, Modified Sartorius Score (MSS) for HS, Psoriasis 
Area and Severity Index (PASI) for psoriasis, and Vitiligo Extent Tensity Index (VETI) for vitiligo. Note that 
the Hidradenitis Suppurativa – Physician’s Global Assessment (HS-PGA) will be used to determine eligibility 
for participants with HS at screening and for EA qualification , while the MSS will be ongoing. Photographs 
will also be taken of the affected area(s) at the time of these assessments for additional validation of skin 
condition and visual, qualitative indicators of improvement or progression. Photographs may be taken at 
other safety visits to document response to treatment at the study doctor’s discretion. Open-source online 
scoring calculators may be used to calculate skin condition severity, provided no PHI is entered. Participants 
in the Extension Arm will also have a formal skin assessment at 28 and 40 weeks.  
Participants who have a previous diagnosis of psoriatic arthritis (PsA), or who have a suspected diagnosis 
of arthropathy/arthritis, who have had hand radiographs in the past 12 months will be asked to release copies 
using the medical record release form. Participants with PsA will also have additional observational skin 
assessments, including the Fingernail Assessment. The Disease Activity Score 28 (DAS28) will be collected 
at Visits 2, 5, 7, and 10E. Tofacitinib is an FDA-approved treatment for PsA.     
Cognitive tests, including the Leiter 3 Sustained Attention, Nonverbal Stroop Tasks, Forward/Backward, and 
Sequential Order; the CANTAB Paired Associate Learning, Spatial Span, and Reaction Time; the NEPSY II 
Visuomotor; the KBIT II; the PPVT 5 Form A; SRT; and the SALT story elicitation task will be performed, and 
video recorded at the baseline and 16-week visits, and at 40 weeks for those in the Extension Arm. In 
addition, the DLQI and NIH PROMIS quality of life measures Emotional Distress-Anxiety Short Form 4a, 

 
Figure 6. Timeline of proposed clinical activities. 
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Emotional Distress-Depression Short Form 4a, Cognitive Applied Cognitive General Concerns Short Form 
4a, and Pediatric Positive Affect Short Form 4a will be administered at the baseline and 16-week visits (Figure 
6) and 40 weeks. 
Our team will collect specimens for research purposes at the screening, baseline, 2-, 8-, 16-, and 2-week 
post-treatment visits (Figure 6). These specimens include a tongue swab and additional tubes from the 
scheduled blood draw to support the battery of immune dysregulation analyses described in Research 
Methods for Specific Aim 2 below, including DNA. Non-invasive skin tapes will be collected at baseline, 8-, 
and 16-weeks. All collected samples and laboratory results, such as autoantibody results, that remain unused 
at the end of the study or do not directly relate to the defined endpoints will be banked for future unspecified 
research purposes related to the goal of this study, including the possible generation of cell lines. As 
additional needed analyses are defined, this protocol will be amended. Research samples collected are 
outlined in Table 3. Participants in the Extension Arm (see below) will have the above research specimens 
collected at E28 and E40 as well, with the exception of skin tapes, which are only collected at E40. 
On very rare occasions, research labs are unable to be collected, or are only partially collected, due to 
participant dehydration or poor venous blood access. For participants co-enrolled in the Human Trisome 
Project (15-2170), research samples may be collected using a non-invasive capillary blood Tasso device as 
approved in that protocol, with samples transferred to this study for research purposes. If participants choose 
not to enroll in the Human Trisome Project, research samples will not be collected. Follow-up blood collection 
for research purposes must include the same collection method as obtained at Baseline visit, if possible.  
Study data is collected and recorded in both electronic and paper format. Study visit data are recorded in 
REDCap, a HIPAA compliant online system administered locally by CU Anschutz.  Study visits utilizing the 
CTRC are requested through the CU-Anschutz Oncore study management system, which contains study 
visit schedule, visit procedures, and integrates with the electronic medical record (Epic) and financial billing. 
Study visit procedure details are also documented in Epic.  
Combined Screening and Baseline Activities.  

If all screening labs and procedures are completed so that the participant is deemed eligible and can begin 
tofacitinib within five days of the blood draw, the laboratory values from the Screening Visit blood draw will 
be used for Baseline values. In this instance, an additional Baseline blood draw or formal skin assessment 
will not be required, except at the study doctor’s discretion.    
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Visit 7 Considerations for the 16-week Endpoint. 
If a participant misses 15% or more of Tofacitinib doses (3 or more pills) in the 7 days before a scheduled 
Visit 7 for any reason, Visit 7 will be rescheduled to ensure 7 days of compliant study drug intake before this 
endpoint visit. This may be outside the original +/- 3 days window for Visit 7. Treatment will not be extended 
beyond 18 weeks before a Visit 7 occurs. This will be recorded as a protocol deviation. 
Similarly, if a participant reports a confounding adverse event within 7 days of Visit 7, Visit 7 will be 
rescheduled so that at least 7 days have passed since the condition was resolved. This may be outside the 
original +/- 3 days window for Visit 7. Treatment will not be extended beyond 18 weeks before a Visit 7 
occurs. This will be recorded as a protocol deviation.  
 

Extension Arm – Study Drug. 

Some participants may not respond, or may not achieve a full response, to Tofacitinib by the end of the 16-
week trial. Participants who are likely to benefit from an extension of Tofacitinib will be initially identified by 
the study doctor at their 8-week visit (Visit 5) using the criteria below, but may be identified as a candidate 
for the extension trial at subsequent visits at the study doctor’s discretion if the criteria are met. Additionally, 

 
Safety Labs 
Collected 

Version Date 
Implemented 

Screening 
Visit 1 

Baseline 
Visit 2 

2-week 
Visit 3 

4-week 
Visit 4 

8-week 
Visit 5 

12-week 
Visit 6 

16-week 
Visit 7 

2-week post 
Visit 8% 

28-week 
Visit 
E28 

40-week 
Visit E40 

Chest X-ray 02.20.2020 X N/A N/A N/A N/A N/A N/A N/A N/A N/A 

ECG 02.20.2020 X N/A N/A X N/A N/A N/A N/A N/A N/A 

Audiogram 02.20.2020 X N/A N/A N/A N/A N/A X N/A N/A N/A 

 Pregnancy 
Test^ 04.22.2021 X X N/A X X X E N/A E N/A 

Complete Blood 
Count (CBC) 02.20.2020 X X X X X X X X E E 

Comprehensive 
Metabolic Panel  02.20.2020 X X X X X X X X E E 

Lipid Panel 02.20.2020 X X X X X X X X E E 

Creatinine 
Phosphokinase 02.20.2020 X X X X X X X X E E 

Quantiferon TB 
Gold Plus 02.20.2020 X N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Virology  
(EBV IgG/IgM,  
CMV IgG/IgM,  
VZV IgG,  
HIV 1 and 2, 
HCV,  
HSV Type 1 &2 
IgG, Hep B 
Surface 
Antigen/Core 
Antibody 

02.20.2020 X N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Thyroid 
Stimulating 
Hormone (TSH) 

11.12.2020 X N/A N/A N/A * N/A X N/A X X 

Table 2. Schedule of safety labs. ’X’= Test performed; N/A = Not applicable. % This visit only occurs for participants who ended Tofacitinib treatment at Visit 7.  
E = Extension arm only visits * Follow-up required only if Screening Visit results are positive or participant is known thyroid dysfunction . ^ For females if not 
surgically sterile or two years post-menopause. 
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participants must remain in good health standing and have no study doctor concerns that would preclude 
study continuation. 
1. Alopecia areata (min. initial qualifying SALT score ≥ 25): Participant shows any decrease in their SALT 

score from the Baseline score, but SALT score is still ≥ 5 at the 8-week appointment.  
• In cases of alopecia totalis, observable improvement in any hair re-growth on the body would 

constitute a basis for Extension Arm qualification, such as eyelash or eyebrow re-growth. 
• All cases of alopecia areata present for ≥ 5 years by parent or clinician report will be invited to 

participate in the Extension Arm, even if no improvement decrease in SALT score is noted by 8 
weeks. 

2. Psoriasis (min. initial qualifying PASI score ≥ 10): Participants showing any decrease in their PASI score 
from Baseline, but PASI score is still ≥ 2 at 8-week appointment.  

• Participants with a diagnosis of psoriatic arthritis will be referred to a rheumatologist for on-label 
prescription. 

3. Atopic dermatitis (min. initial EASI qualifying score ≥ 16): Participant showing any decrease in EASI score 
from Baseline, but EASI score still ≥ 5 at 8-week appointment. 

4. Hidradenitis suppurativa (min. initial HS-PGA score ≥ 3): Participant showing a HS-PGA score ≥ 2  from 
Baseline with any concurrent decrease in Modified Sartorius Scale (MSS) at 8-week appointment or 
subsequent appointment. As HS may not respond during an 8-week course, all participants with HS may 
be invited to participate in the Extension Arm at the study doctor’s discretion.  

5. Vitiligo (min. initial qualifying VETI score ≥ 2): As vitiligo may not respond during an 8-week treatment course, all 
participants with vitiligo may be invited to participate in the Extension Arm at the study doctor’s discretion. 

Research Labs 
Collected 

Version Date 
Implemented 

Screening 
Visit 

1 

Baseline 
Visit 

2 

2-week 
Visit  

3 

4-week 
Visit  

4 

8-week 
Visit 

5 

12-week 
Visit  

6 

16-week 
Visit 

 7 

2-week post 
Visit  
8% 

28-
week 
Visit  
E28 

40-week 
Visit 
E40 

1) Thyroperoxidase 
(TPO)  
2) Thyroglobulin 
(TG)  
3) Thyroid 
stimulating 
hormone receptor 
(TRAb) 
 

02.20.2020 X X * N/A * N/A X * * * 

tissue trans-
glutaminase (tTG) 
IGA 

04.22.2020 X X * N/A * N/A X * * * 
anti-deamidated 
gliadin peptide 
(DGP)  

04.22.2020 X X * N/A * N/A X * * * 

Immunoglobulin A 04.22.2020 X X * N/A * N/A X * * * 

Skin tapes 02.20.2020 
11.12.2020 N/A X N/A N/A X N/A X N/A N/A E 

Tongue swab 02.20.2020 X X X N/A X N/A X X E E 

Skin photos 02.20.2020 
11.12.2020 X X $ $ X $ X $ $ E 

ESR 11.12.2020 
05.26.2021 X X X      X X     X   X X E E 

CRP 05.28.2021 X X X X X X X X E E 

DNA 04.18.2022 N/A X N/A N/A N/A N/A X N/A N/A X 

Table 3. Schedule of research labs. ’X’= Test performed; N/A = Not applicable; * Follow-up required only if Screening Visit results are positive; % 
This visit only occurs for participants who ended Tofacitinib treatment at Visit 7;  E = Extension Arm only visits; $ As needed to document skin changes 
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Participants will return for their 16-week visit (Visit 7) to collect the endpoints as described above. However, 
instead of entering a washout period after Visit 7, the participant will continue taking the IP and will return 
for additional visits at 28 weeks (Visit E28) and 40 weeks (Visit E40). Participants will receive an additional 
prescription for Tofacitinib at Visit 7 and Visit E28.  Both safety labs and research labs will be collected at 
all Extension Arm Visits. Female participants who do not have permanent birth control will be required to 
take an at-home pregnancy test during the months they are not seen in clinic. Tests may be provided by 
the study or cost reimbursed with receipt. 
The above criteria describe the minimum requirements for inclusion in the Extension Arm – Study Drug 
phase. Invitation to participate will continue to be subject to the study doctor’s discretion and available funding 
for Tofacitinib.  
Extension Arm – Monitoring only.  

Participants may move to clinical care to receive Tofacitinib at any time, and the study team may actively 
facilitate this transition. If the participant begins to receive the study drug by prescription from their clinical 
provider, they may still remain in the Monitoring Only Extension Arm of the study. Participants will attend 
study visits as described above, but do not receive Tofacitinib through the clinical trial and are not subject to 
the inclusion criteria described above. Study participants will be asked to complete all study procedures as 
described, including monthly  phone check-ins and medication record logs, although the Tofacitinib will no 
longer be managed by the Investigational Pharmacy or study team. 
Washout Period. 

The washout period, and collection of samples two weeks after ending the study medication (Visit 8), may 
be removed for all participants who continue taking Tofacitinib, either through the Extension Arm or by 
prescription with their personal doctor. Participants who live outside of the Denver Metro Area may opt out 
of returning for this study visit as well.   
Additional Visits.  

At any time during the study, study doctors may request an additional study visit with a participant to address 
or follow-up on pressing concerns about safety or reported AEs. In this case, a study coordinator will schedule 
an additional study visit with the participant and their study partner as soon as possible. This visit may include 
collection of vitals, physical exam and recording of AEs as necessary, as well as any laboratory tests 
recommended by the study doctor. 
Teleresearch Visits. 

To facilitate participation for non-local participants, study doctors may perform a teleresearch visit using  Epic. 
These visits may be implemented at the study doctor’s discretion in place of regularly scheduled visits and 
combined with a remote blood draw to obtain safety labs as needed. Creatine kinase is not collected for 
teleresearch safety labs. Research labs may be drawn remotely and shipped to the Linda Crnic Institute. 
Additional study drug may be dispensed at study doctor’s discretion at a prior visit in anticipation of a 
scheduled teleresearch visit, or shipped directly to the participant from the Investigational Pharmacy.   
Remote Blood Draws.  

For standard safety monitoring, it may be more convenient for the participant to have laboratory tests 
drawn nearer to their home. The study team may arrange for a qualified phlebotomist to visit the home and 
subsequent clinical analysis at an accredited lab, or for the participant to go to an alternate facility for a 
blood draw at their discretion. Participants may always choose to have appointments at their regular study 
site.  
COVID-19 vaccinations and boosters.  

Participants who receive a COVID-19 vaccination or booster will be advised to stop taking the study drug for 
7 days (14 doses) after receiving the vaccination or booster. The original study timeline will not be altered, 
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unless suspension of the study drug interferes with a study endpoint (see Visit 7 Considerations for the 16-
week Endpoint). 
Safety and Adverse Event Monitoring. 
An adverse event (AE) is any untoward medical occurrence in a participant during participation in the clinical 
study or with use of the experimental agent being studied. An adverse finding can include a sign, symptom, 
abnormal assessment (laboratory test value, vital signs, electrocardiogram finding, etc.), or any combination 
of these. All AEs will be classified using two criteria: 1) severity, and 2) the likelihood that they are attributed 
to the study intervention. Additionally, regardless of its severity and attribution classifications, an AE may 
also be considered “serious” (SAE) and/or an “unanticipated problem” (UAP) if it meets certain criteria. These 
classifications and criteria are explained in depth below. The severity of AEs is based on their impact on the 
participant. An AE will be termed: 1) Mild: event has minimal impact on the participant, 2) Moderate: the 
event causes the participant some inconvenience, 3) Severe: event causes a substantial disruption to the 
participant’s well-being. 
AE/SAEs/UAPs will also be categorized according to the likelihood that they are attributed to Tofacitinib, a 
classification which must be designated by a study doctor. Specifically, AEs will be categorized as: 1) 
Definitely related: AE is clearly related to the investigational agent, 2) Possibly related: AE may or may not 
be related to the investigational agent, 3) Not related: AE is clearly not related to the investigational agent. 
An AE is considered unexpected if its nature, severity, or frequency is: 1) not listed in the investigator’s 
brochure, this study protocol, or informed consent form; and 2) not consistent with the expected natural 
progression of any underlying disease, disorder, or condition the participant has, including their presenting 
skin condition and DS. 
Finally, any AE, regardless of the above classifications, can also be labeled as a serious adverse event 
(SAE). An SAE is any AE that results in: 1) death, 2) a life-threatening event, 3) inpatient hospitalization or 
prolongation of existing hospitalization, 4) a persistent or significant disability/incapacity, 5) a congenital 
anomaly or birth defect, or 6) an important medical event based upon appropriate medical judgment.   
All AEs are recorded from the Baseline visit (Visit 2) when the IP begins through the final follow-up visit 2 
weeks after the last Tofacitinib dose, or final visit of the Extension Arm. Additionally, AEs that occur at 
Screening (Visit 1) that are considered to be directly related to the screening procures will be reported. AEs 
are documented in terms of a medical diagnosis. When this is not possible, the AE is documented in terms 
of signs and/or symptoms observed by the study doctor or reported by the participant. AEs are recorded in 
REDCap and printed copies of the completed REDCap forms are kept in the participant’s source 
documentation file. AE incidence rates (number of events per 100 patient years) for the study as a whole will 
be calculated for monthly reports (see Safety and Adverse Event Reporting below). 
In published studies evaluating Tofacitinib for treatment of rheumatoid arthritis, the incidence rate was as 
follows for various AEs: 9.4 for SAEs, 2.7 for serious infection, 3.9 for herpes zoster (shingles), 0.3 for 
opportunistic infection not including tuberculosis, 0.2 for tuberculosis, 0.9 for malignancies, and 0.1 for 
gastrointestinal perforations. These AE rates are anticipated by this study protocol and have already been 
deemed safe by the FDA via their approval of Tofacitinib for marketing.  
When any AE, regardless of classification, is reported by a participant to any study staff, that personnel will 
immediately relay the AE information to a study doctor, who will classify the AE appropriately and decide if 
any follow-up actions should be taken. If needed, follow-up appointments will occur in a timely manner as 
dictated by the nature of the AE and the discretion of the PIs and study doctors. Similarly, all blood chemistry 
and laboratory monitoring values will be reviewed as soon as they are available by a study doctor to ensure 
all results are within normal ranges for a person with Down syndrome or for that specific participant. Abnormal 
findings will be reported as an AE as appropriate. Detailed information about every AE will be incorporated 
into a Monthly Progress and Safety Report, as well as Annual Reports, as described below. 
Finally, any incident, experience, or outcome may be considered an unanticipated problem (UAP) if it meets 
the following criteria: 1) it is considered “unexpected” as defined above, 2) it is considered possibly or 
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definitely related to the investigational agent, and 3) it suggests that the study places participants at a greater 
risk of harm (including physical, psychological, economic, or social harm) than was previously recognized. 
Some AE/SAEs may also be flagged as UAPs, if all three of these criteria are met; however, UAPs can also 
include study-level events or outcomes encompassing more than one AE or participant. 
When any SAE or UAP is discovered by a study coordinator or doctor, that personnel will immediately notify 
all three study PIs. The contact PI, Joaquin Espinosa, will be responsible for prompt reporting of any SAE or 
UAP to the appropriate agents as follows:  
1) Fatal or life-threatening SAE: PIs notify COMIRB, NIAMS, and the DSMB within 48 hours.  
2) Possibly or Definitely related to Tofacitinib SAE: PIs notify COMIRB, NIAMS, and the DSMB within 

48 hours.  
3) All other SAEs: PIs notify NIAMS and the DSMB within 48 hours and COMIRB within 5 days.  
4) Any UAP: PIs notify NIAMS and the DSMB within 48 hours and COMIRB within 5 days. 
 
Safety and Adverse Event Reporting. 
Monthly Progress and Safety Reports will be compiled by the clinical coordination team for review by the 
appropriate parties. Progress and Safety Reports will include information regarding recruitment and 
enrollment status, comparison of targeted to actual enrollment, retention status, and demographic 
information of participants. These reports will also detail participant adherence to study protocol, which will 
be evaluated by verbal reports of pill counts at each study visit. Finally, Monthly Progress and Safety Reports 
will contain summarized AE information including: 1) a list of all AEs reported, including their classifications, 
actions taken, and outcome 2) a list of all symptoms and their frequency reported by participants, 3) all 
incidences of laboratory values considered out-of-range for an individual with Down syndrome, 4) a list of all 
SAEs reported, including their classifications, actions taken, and outcome, and 5) information about any 
participant deaths, including the cause of death. Monthly Progress and Safety Reports will not include 
subject- or group-identifiable material. Each report will only include the Study ID.  
Furthermore, at the end of each study year, the PIs and Clinical Coordination Team will work together to 
produce an Annual Report. Annual Reports will include (1) a summary of enrollment and retention and 
participant demographics; (2) a summary of participant adherence to the study protocol; (3) a complete list 
and overall summary of all AEs; (4) an analysis addressing whether AE rates are consistent with pre-study 
assumptions; (5) reasons for dropouts from the study; (6) whether all participants met entry criteria; (7) 
whether continuation of the study is justified on the basis that additional data are needed to accomplish the 
stated aims of the study; and (8) conditions whereby the study might be terminated prematurely. Annual 
Reports will not include subject- or group-identifiable material. Each report will only include the Study ID. The 
Annual Report, and the DSMB report, will also be submitted to COMIRB at the Continuing Review.  
Additionally, participants will be notified of UAPs that affect the level of risk of participation, and so result in 
changes to the protocol or consent, at the time of re-consent for active participants. Participants who have 
completed active trial participation will be notified in compliance with COMIRB or the NIAMS corrective action 
plan. 
NIAMS will convene a Data Safety and Monitoring Board (DSMB) for this study. DSMB members will have 
no direct involvement with the study PIs or the investigational agent, Tofacitinib. The DSMB will act in an 
advisory capacity to NIAMS who monitors participant safety and progress of the study, and review 
procedures for maintaining data confidentiality, quality, management, and analyses. 
Participant Discontinuation and Trial Stopping. 
Study doctors, at their discretion, may discontinue Tofacitinib, temporarily or permanently, and/or may 
remove participants from the study. 
Specific trial stopping rules for individual participants are as follows: 

1) Participant decides to discontinue participation for any reason.   
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2) Participant experiences adverse or allergic reaction to Tofacitinib, as determined by the study doctor.  
3) Participant experiences an AE that precludes trial completion, as determined by the study doctor. 
4) Clinically significant abnormal lab finding, as determined by the study doctor. Abnormal lab findings will 

be repeated within one week to confirm. 
5) Participant becomes pregnant. 
6) Any medical or personal event(s) or participant non-adherence resulting in missed Tofacitinib doses 

totaling 15% (34 doses) or more of total study drug for the 16-week treatment period (224 doses). At the 
Endpoint Visit (Visit 7), this calculation will be re-applied with the true number of doses the participant 
had the opportunity to take within the allowable +/- 3 day study visit window (e.g., 221 or 222 doses for 
a participant whose Endpoint visit is scheduled one day earlier than 16 weeks) to confirm the adherence 
rate for the actual treatment period. For participants in the Extension Arm, participants missing more than 
15% of total doses at E28 will be terminated from the study. 

7) Two missed study visits without study doctor approval. 
8) If at any point during the study a participant fails to return communication with a study coordinator after 

3 consecutive attempts made using at least 2 forms of contact provided by the participant and/or study 
partner, then Dr. Espinosa will make at least one attempt to contact the participant using their preferred 
method of contact. After a total of five unreturned communications, the participant will be considered lost 
to follow-up and no further contact attempts will be made. 

9) A study doctor may discontinue a participant from Tofacitinib for any reason, including noncompliance, 
at the study doctor’s discretion. It should be noted that discontinuation of Tofacitinib, for whatever reason, 
does not necessarily constitute withdrawal from study. A study doctor, in consultation with all PIs, may 
advise a participant and their study partner to discontinue Tofacitinib temporarily while remaining in the 
study.  

10) Alternatively, a study doctor may decrease the dosage to 5 mg once daily. These determinations will be 
considered by the PIs on a case-by-case basis. 

11) Participant experiences an SAE definitely related to Tofacitinib. 
Participants who are removed from study for reasons other than an adverse drug reaction may, if they 
choose, return and start the entire study over again (beginning with the Pre-screening phone interview or a 
Screening visit, as appropriate), at the discretion of study staff and after at least 21 days have passed since 
taking their last dose of Tofacitinib.  
This entire clinical trial, including the Extension Arm, will be stopped prior to its completion if:  

1) the intervention is associated with adverse effects that call into question the safety of the intervention;  
2) difficulty in study recruitment or retention will significantly impact the ability to evaluate the study 

endpoints;  
3) any new information becomes available during the trial that necessitates stopping the trial; or  
4) other situations occur that might warrant stopping the trial; or  
5) more than two SAEs that are definitely related to Tofacitinib are reported within a 14.5 patient year trial 

period; or 
6) the rate of SAEs definitely related to Tofacitinib per 100 patient years exceeds 13.83 at any time after 

least 14.5 patient years have occurred (see Research Methods for Specific Aim 1 for calculations). 
The PIs will perform a qualitative interim analysis after recruiting and completing all clinical and data 
generation activities on at least the first 10 participants and will consult with NIAMS, the DSMB, and 
experienced clinical trial statisticians to assess the impact of significant data loss due to problems in 
recruitment, retention, or data collection. Up to 15 participants may be included in the interim analysis to 
account for recruitment surges and possibility of attrition.   
Incidental Findings. 
Incidental findings will be handled in accordance with COMIRB policy and the appropriate language regarding 
the possibility of incidental findings will be included in the informed consent form. The potential return of any 
clinically confirmed incidental findings will be considered on a case-by-case basis in consultation with study 
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doctors, COMIRB, the DSMB, and an ethics officer from the University. If the findings are returned to the 
participant, the study doctors would provide appropriate resource recommendations to the participant for 
understanding and dealing with the findings. The costs for any care that will be needed to diagnose or treat 
an incidental finding would not be paid for by this research study and would be the responsibility of the 
participant.  
Study doctors may request additional blood tests or other assessments or consultations before determining 
eligibility based on screening results. These additional eligibility determination tests, prior to enrollment at 
Visit 2, are not considered adverse events or Incidental Findings.    
Return of Results. 
Participants can request a copy of their cognitive test results and/or karyotype and/or chest x-ray at the 
completion of the R61 phase of the study. Copies of their audiogram results may be provided at the time of 
assessments. Chest radiographs and audiogram results will become part of the participant’s clinical history 
in the electronic medical record (EMR). Safety and monitoring labs performed by a CLIA-certified laboratory 
(e.g. University Hospital) will become part of the participant’s EMR and released to the participant, and may 
be released to a provider of participant’s choosing, at the participant’s request, to facilitate clinical care. De-
identified analyses and aggregated study results may be communicated to participants via newsletters or 
other media. 
Research Methods for Specific Aim 1. To define the safety profile of JAK inhibition in Down syndrome. 
Although several JAK inhibitors are FDA-approved and widely used in the typical population, it is possible 
that JAK inhibition may have a different safety profile in people with DS. Thus, a primary endpoint of our trial 
is to define safety in those with T21. Among JAK inhibitors, Tofacitinib has by far the most available safety 
data, and the most extensive testing on immune skin conditions (38-44). Furthermore, we are encouraged 
to employ Tofacitinib by the fact that one of our research participants with DS has been taking this drug for 
nearly four years without adverse effects. Another reason to employ Tofacitinib is that it is a JAK1/3 inhibitor, 
with minor activity toward JAK2, which improves its safety profile (108), yet it would also inhibit accompanying 
inflammatory pathways elevated in DS that required JAK1/3 (e.g. IL6 signaling) (108). Tofacitinib can be 
purchased by the research team, thus providing autonomy in the design of the trial. Finally, our dermatology 
study doctors have extensive experience with Tofacitinib.  
As described above, our study doctors will monitor AEs and assign a likelihood that they are attributable to 
Tofacitinib treatment. Published safety data for Tofacitinib for treatment of RA in typical people indicates 9.4 
serious adverse event (SAEs)/100 patient years (all SAEs, treatment-related or not) (109). Given that our 
trial aims to enroll 47 participants for 16 weeks of treatment (though we anticipate up to seven participants 
would be lost to attrition at various times during the treatment course) for a maximum total of 14.5 patient 
years of treatment, a comparable number of SAEs is 1.36. Accordingly, and with the knowledge that our 
population may be more prone to AEs in general without any treatment due to other health conditions, we 
define the success of our primary endpoint associated with this aim as no more than two SAEs definitely 
related to treatment during the 16-week trial. 
For the purposes of ongoing safety monitoring during the optional Extension Arm and after the initially 
planned 14.5 patient years of treatment time, we will transform this endpoint of “no more than two SAEs 
definitely related to treatment during the 16-week trial” to an allowable rate and apply the same criteria for 
overall stopping rules. Accordingly, 2 allowable SAEs definitely related to Tofacitinib over the course of 14.5 
patient years translates to a rate of 13.83 SAEs/100 patient years (see stopping rules #5 and #6).  
Research Methods for Specific Aim 2. To determine the impact of JAK inhibition on the immune 
dysregulation caused by trisomy 21. 
Our results demonstrate that individuals with T21 show obvious signs of immune dysregulation and 
hyperactivation of IFN signaling at the levels of mRNA signatures, cytokine profiles, and plasma metabolites. 
In this Specific Aim, we will define whether these inflammatory markers can be driven by Tofacitinib toward 
values observed in typical people. Importantly, we have already defined the directionality and average 
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magnitude of the change between people with and without T21 (Figures 3-5). For example, we determined 
that IFN scores are significantly higher in people with DS (Figure 3C) and expect that Tofacitinib will reduce 
these values. Whereas some of the features dysregulated by T21 may be normalized by Tofacitinib 
treatment, others may not, and this will provide important mechanistic insights into the molecular 
underpinnings of immune dysregulation in DS. Therefore, in this Aim we will investigate the impact of 
Tofacitinib on IFN transcriptional scores derived from white blood cells (WBCs) (primary endpoint), levels of 
circulating inflammatory cytokines (secondary endpoint), levels of neurotoxic metabolites in the IFN-inducible 
kynurenine pathway, and key autoantibodies associated with AITD and celiac disease (tertiary endpoints) at 
baseline and 16 weeks of treatment with Tofacitinib. 
IFN transcriptional scores. We will monitor the impact of Tofacitinib on WBC IFN transcriptional scores for 
each participant at baseline and at 16 weeks of treatment. Additional time points will be collected and 
processed in a fashion compatible with future analysis, and skin tape samples will be banked for future 
cytokine analysis. IFN scores have been developed for IFN-driven conditions such as SLE and Type I 
Interferonopathies (69-71), and consist of a composite Z-score that integrates mRNA expression values for 
multiple ISGs into a single numerical value that can be used to track correlations with disease severity (71), 
and which have also proven effective to monitor the impact of JAK inhibition in clinical trials (69). Using 
published methods (69-71) we observed significantly higher Type I IFN scores in both T cells (Figure 3C) 
and total WBCs (110). Thus, we clearly have the expertise to monitor changes in IFN signaling with this 
approach. Much of this protocol has been described in our previous publication (27). RNAs will be extracted 
using the PAXgene Blood RNA Kit and quality asses using the Agilent 2100 Bioanalyzer System. Next-
generation sequencing libraries will be prepared with the Illumina TruSeq Stranded mRNA Library Prep Kit 
and sequenced with an Illumina NovaSeq 6000 instrument. Analysis of library complexity and high per-base 
sequence quality across all reads will be performed using FastQC software. Other bioinformatic steps include 
trimming of low-quality bases, short reads, and adaptor sequences, with the fastqc-mcf tool; removal of 
mycoplasma, mitochondria, and rRNA contaminant sequences with FASTQ Screen; read alignment to 
GRCh37/hg19 using TopHat2; filtering of high-quality mapped reads with SAMtools; and final quality 
performed using RSeQC. Gene level counts will be then obtained using HTSeq (111). IFN scores will be 
calculated by adapting methods described in the literature (69-71), using RPKM values instead of values 
derived from Nanostring or q-RT-PCR data. We define success of this endpoint as statistically significant 
reduction in average IFN scores between baseline and 16 weeks as defined by a two-sided, paired Student’s 
t-test.  
Levels of circulating inflammatory cytokines. We will monitor the impact of Tofacitinib on cytokines using 
multiplex immunoassays with Meso Scale Discovery (MSD) technology, which are highly efficient sandwich 
immunoassays used to measure the levels of multiple protein targets within a single, small-volume reaction. 
MSD utilizes electrochemiluminescence to detect multiple binding events simultaneously with patterned 
arrays. We will use a custom V-PLEX platform following standard manufacturers’ protocols as in our recent 
publication (28). This panel consist of cytokines that are significantly elevated in people with DS, with obvious 
ties to IFN signaling, autoimmunity in general, and immune skin conditions in particular (Figure 4 and data 
not shown). We will measure multiple cytokines, chemokines, and immune factors dysregulated in DS, 
including but not restricted to: IP10, TNFα, CRP, IL6, IL10, MCP1, IL2, IL22, VEGF, IL17A, IL8, MIP1α, IL29 
(IFNλ), IFNγ, and IL1β. Four of these cytokines (IP10, TNFα, CRP, IL6) will be used to create a composite 
Z-score (Figure 4B) to be used in endpoint evaluation, with the other cytokines being measured for research 
purposes. To minimize batch effects, we will use the V-PLEX immunoassays, which are analytically validated 
with guaranteed performance specifications that offer consistent results over long-term studies. Each assay 
employs a maximum volume of 25 µL and each plasma sample is analyzed in duplicate. Plates will be read 
on the Meso QuickPlex SQ 120 system and data analyzed using the MSD workbench software. Absolute 
quantifications are determined with MSD-provided standards. We define success of this endpoint as 
statistically significant reduction in the cytokine score at 16 weeks of treatment as defined by two-sided, 
paired Student’s t-test. 
Levels of neurotoxic metabolites in the IFN-inducible kynurenine pathway. Plasma metabolomics will be 
performed at the Metabolomics Core at CU-Anschutz using established protocols and instruments as 
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previously reported (112). Briefly, metabolites will be extracted from plasma in acetonitrile:methanol:H2O at 
a 5:3:2 ratio (v/v/v). Extraction efficiency and instrument performance will be monitored by the incorporation 
of internal standards such as 5-fluorouracil and 13C6-lysine into the extraction solution, as described (113). 
In addition, >80 stable isotope internal standards will be added to samples for absolute quantification, 
including up to 12 metabolites in the KP. Metabolites will be resolved via reversed-phase (RP) and 
hydrophilic-interaction liquid chromatography (HILIC) using a Vanquish UHPLC (Thermo) coupled to a high-
resolution quadrupole orbitrap mass spectrometer, including three QExactives, a QExactive HF, and an 
Orbitrap Fusion Lumos scanning in full MS mode in the 60 to 900 m/z and 100 to 1,500 m/z range, operated 
separately in negative and positive ion mode. Targeted data analysis will be performed using MAVEN for 
manual and XCMS and Compound Discoverer for automatic metabolite identification. These tools are used 
for peak picking and metabolite assignment using the KEGG, HMDB, and NIST pathway databases. 
Metabolite identifications will be further confirmed by determination of the chemical formula using isotopic 
patterns and high-resolution accurate intact mass and fragmentation spectra of targeted features. We will 
evaluate three different KP dysregulation values: absolute levels of KYN and QA, and the KYN/TRP ratio. All 
three values are significantly elevated in people with DS relative to typical individuals (Figure 5 and (110)). 
We define success of this endpoint as statistically significant reduction in one or more of three kynurenine 
dysregulation values at 16 weeks of treatment as defined by a two-sided, paired Student’s t-test with FDR 
correction. 
Levels of key autoantibodies associated with AITD and celiac disease. Previous studies defined that ~ 60% 
of adults with DS carry anti-thyroid antibodies (9-11), and >30% carry autoantibodies linked to celiac disease 
etiology (18, 52, 114, 115). Thus, as part of our mechanistic investigations, we will measure levels of three 
key autoantibodies involved in AITD [thyroglobulin (TG), thyroid peroxidase (TPO) and thyroid-stimulating 
hormone receptor (TSHr)], and two autoantibodies relevant to celiac disease [anti-tissue transglutaminase 
antibodies (tTG) and deamidated gliadin peptides (DGP) antibodies]. All tests will be performed at the 
University of Colorado Health Hospital Clinical Laboratory. We define success of this endpoint as statistically 
significant reduction in levels of one or more autoantibodies at 16 weeks as defined by a two-sided, paired 
Student’s t-test. 
Research Methods for Specific Aim 3. To define the impact of JAK inhibition on immune skin conditions in 
people with Down syndrome. 
Given the high prevalence of immune conditions in the DS population and the wealth of data suggesting this 
could be explained by their obvious hyperactivation of IFN signaling, we propose here to evaluate the impact 
of 16-week treatment with Tofacitinib on clinical improvement of immune skin conditions. These efforts will 
be led by a multidisciplinary team of dermatologists with extensive expertise in clinical trials for JAK inhibitors 
in typical people (Drs. Norris, Dunnick, and Wallace). Improvement in skin pathology will be the main 
secondary endpoint of this trial, defined as a statistically significant percentage reduction in average disease 
scores after 16 weeks of treatment.  
From a dermatology standpoint, this trial is considered a ‘bucket trial’, so designated because we will include 
individuals with DS and diverse active immune skin conditions. We aim to enroll at least 10 participants 
during the initial phase, before performing a qualitative interim analysis and continuing with 30 additional 
participants.  Up to 15 participants may be included in the interim analysis. Based on our ongoing cohort 
study and epidemiological data of skin diseases in people with DS (24, 25, 116-118), we expect to enroll five 
predominant conditions: AD, AA, HS, psoriasis, and vitiligo (Figure 1B), but will accept other immune skin 
conditions according to our dermatologists’ expertise. Being an open-label, proof-of-concept study, all 
participants will receive Tofacitinib at 5mg BID for 16 weeks. We will evaluate changes from baseline to 16 
weeks in: 1) Investigator’s Global Assessments (IGAs), 2) Dermatology Life Quality Index (DLQI) (119), and 
3) Disease-specific metric scores. The IGA and DLQI will serve as ‘composite endpoints’ to capture overall 
clinical improvement in a disease-agnostic fashion. Additionally, each participant will be monitored using the 
relevant accepted disease-specific metric scoring systems, for example: Eczema Area and Severity Index 
(EASI) for AD, Severity of Alopecia Tool (SALT) for AA, Modified Sartorius Score (MSS) for HS, Psoriasis 
Area and Severity Index (PASI) for psoriasis, and Vitiligo Extent Tensity Index (VETI) for vitiligo (120-124). 
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These measures are all well-validated and widely used in clinical trials related to skin disease, and our team 
of dermatologists has extensive experience with all these metrics. We define success of this endpoint as 
statistically significant percentage reduction in a) IGA values, b) DLQI values, and c) disease-specific scores 
between baseline and 16 weeks as defined by a two-sided, paired Student’s t-test. 
Research Methods for Specific Aim 4. To characterize the impact of JAK inhibition on cognition and quality 
of life in Down syndrome. 
Valid assessment of the impact of JAK inhibition on cognitive and behavioral outcomes in DS will require 
phenotype sensitive measures, which has been a methodological challenge in previous clinical trials in DS. 
To address this issue, the NIH-assembled Outcomes Measures Working Group for Clinical Trials in DS 
recently published guidelines for behavioral and cognition measures appropriate for use in clinical trials (125). 
Dr. Fidler was a contributor to this Working Group and the published guidelines for more scientifically-sound 
measurement selection. This guidance considers critical psychometric parameters, such as the need for test-
retest reliability, sensitivity to change, and construct validity for individuals with intellectual disability, and DS 
in particular. Based largely upon these guidelines, we selected the following measures which assess specific 
cognitive processes that are key components of the neurocognitive phenotype in DS, and which we 
hypothesize could be impacted by JAK inhibition: 

a) Leiter 3 
i) Attention Sustained 
ii) Nonverbal Stroop Tasks 
iii) Forward/Reverse Memory 
iv) Sequential Order 

b) CANTAB 
i) Spatial Span 
ii) Paired Associate Learning 
iii) Reaction Time 

c) NEPSY II Visuomotor 
d) PPVT 5 Form A 
e) KBIT II 
f) SOBC SRT 
g) SALT Story Elicitation task 

Subdomains from the Leiter-3 International Performance Scale will be used to assess executive function 
including inhibitory control (Sustained Attention), working memory (Forward and Backward Memory), and 
cognitive flexibility (Nonverbal Stroop Tasks), as well as spatial processing (Sequential Order). The Leiter 3 
is a lifespan nonverbal measure of cognition, attention, and neuropsychological function and was normed on 
individuals ages 3 to 75 years. This measure was endorsed by the NIH Working Group (125), and it is 
considered to be a phenotype-sensitive measure for individuals with DS because it involves minimal 
receptive language, and no expressive language, demands. Subdomains from the CANTAB (126) will be 
used to assess episodic memory (Paired Associate Learning), spatial processing (Spatial Span), and 
processing speed (Reaction Time Interval). An additional Simple Reaction Time test will be administered 
from the science of behavioral change website. The SALT story elicitation task has been added to capture 
expressive language. The NEPSY II Visuomotor will assess motor control. In addition, the KBIT II and PPVT 
5 are included as control measures of overall development status and vocabulary. This battery takes into 
consideration length of time required for administration, its suitability for individuals with varying degrees of 
cognitive ability, and previous experience of our team in terms of participant acceptability. This short test 
battery will be administered and video recorded at baseline blood draw (+/- 3 days), and again at 16 weeks 
of treatment and at E40 for those in the Extension Arm. We define success of this endpoint as statistically 
significant improvement in any one of the cognitive measures described above between baseline and 16 
weeks as defined by a Wilcoxon signed-rank test with FDR correction or a two-sided, paired Student’s t-test 
with FDR correction, as appropriate. 
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While not all affected cognitive skills may be increased in a measurable sense by JAK inhibition, the 
individual’s or caregiver’s perception of overall quality of life may change independent of changes in the 
cognitive measures proposed, either due to changes in cognitive processes not assessed as part of our trial 
or improvement in skin conditions as a result of treatment with a JAK inhibitor. Therefore, we will assess 
quality of life at baseline and again at the conclusion of treatment (16 weeks), and 40 weeks for those in the 
Extension Arm, using the following PROMIS metrics available through the NIH Toolbox, which are 
appropriate for individuals with special needs (127, 128): 

a) Emotional Distress-Anxiety Short Form 4a 
b) Emotional Distress-Depression Short Form 4a 
c) Cognitive Abilities Short Form 4a 
d) Positive Affect Short Form 4a 

We define success of this endpoint as statistically significant improvement in any NIH PROMIS tool between 
baseline and 16 weeks as defined by a two-sided, paired Student’s t-test. 
 
D. Specific study activities implemented during COVID-19. 
The following additional measures will be implemented by the study team as necessary to comply with current 
local guidelines during the COVID-19 pandemic. These measures are subject to change in response to State, 
local, and University regulations and guidance as the pandemic progresses. If any measure conflicts with 
direction given in this protocol or any other study document, the COVID-19-specific measure listed here will 
prevail. 
Precautionary and Informative Measures. 
1) The informed consent form has been updated to explain potential additional risks and benefits of study 

participation during COVID-19. 
2) Study coordinators will ask participants and their study partners a series of COVID-19 screening 

questions during the Pre-screening phone interview to ensure they have no symptoms of and have not 
been in recent contact with someone with COVID-19. Coordinators should refer to the University’s most 
recent Clinical Research Reconstitution Plan for appropriate screening questions, which can be found on 
the University’s Weekly Update on Research Reconstitution webpage 
(https://www.cuanschutz.edu/coronavirus/research-guidance/updates). Anyone who positively answers 
any COVID-19 screening questions will have their study visit rescheduled. 

3) Participants who are experiencing any COVID-19 or COVID-19 like symptoms should notify study staff 
and proceed in taking a COVID test. If symptoms persist and/or the patient receives a positive COVID-
19 diagnosis their study visit will be rescheduled.  

4) Study coordinators will inform participants and their study partners before each study visit that only they 
will be allowed on campus – no other friends or family may attend a study visit with them – and that they 
will be escorted by a study coordinator at all times while on campus. 

5) Study coordinators will provide a digital, picture-based, "social story" to explain and normalize the extra 
precautions that are taken at the study visits (face masks, sanitizer, etc.) for study partners to review with 
participants at home in the days before a study visit. 

6) Study staff will follow all guidance for returning to campus, including taking appropriate training, and 
adhering to appropriate social distancing and cleaning and sanitizing guidelines on the University’s 
Return to Campus webpage (https://www.cuanschutz.edu/coronavirus/return-to-campus) and detailed in 
the approved Space Management plans for their work areas. 

7) At the Baseline visit, participants will be given a “What to do if I get COVID-19” card with information for 
them and their physician regarding the study and potential impacts of Tofacitinib on COVID-19. 

8) Only pre-packaged snacks or juice will be provided to participants during a study visit in a properly 
sanitized area.  

9) When preparing banked blood samples for Research Methods for Specific Aim 2, a PCR and/or antibody 
test for SARS-CoV-2 may also be performed, allowing the team to analyze prior or current SARS-CoV-2 
infection as a potential confounding variable or co-variate during immune dysregulation and biomarker 
analyses. 

https://www.cuanschutz.edu/coronavirus/research-guidance/updates
https://www.cuanschutz.edu/coronavirus/return-to-campus
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10) Participants will be advised to receive all vaccinations, including for COVID-19, before beginning 
tofacitinib. However, if they are already taking tofacitinib, they may be advised to withhold tofacitinib for 
a period of time before and/or after receiving a COVID-19 booster, in accordance with American College 
of Rheumatology (ACR) guidance. Current ACR guidelines recommend holding tofacitinib for 7 days (14 
doses) after vaccination. When appropriate amid changing guidelines, study doctors will encourage 
participants and their study partners to pursue boosters in accordance with best practice guidelines, even 
if it results in time off tofacitinib during the study period. 
 

COVID-19 Symptoms, Diagnosis, or Exposure. 
If at any point in the study period, a participant and/or their study partner is not allowed on campus due to 
COVID-19 exposure, symptoms, or diagnoses, the workflows detailed in Figure 7 below will apply, 
depending on when in the study the COVID-19 event is noted by a study coordinator. 
Participants who are diagnosed with COVID-19 will be reminded of their “What to do if I get COVID-19” card 
and instructed to bring this information to their treating physician. The participant and their physician will 
decide whether the participant should continue taking Tofacitinib and remain enrolled in the study. In this 
scenario, study PIs will be available for consultation with the participant’s physician. The study team will not 
provide any COVID-19 care but will continue to provide Tofacitinib as long as the participant remains enrolled. 
Study coordinators may make additional medical record requests to capture relevant information about the 
illness if the participant remains enrolled. Any COVID-19 diagnosis will be recorded an as AE and treated as 

 
Figure 7. Flowchart detailing how study coordinators will handle any participant or study partner with COVID-19 symptoms, diagnosis or 
exposure. 
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any other infection would be, with study staff following all rules detailed in the Participant Discontinuation and 
Trial Stopping section of the protocol. 
 
V. Description, Risks and Justification of Procedures, and Data Collection Tools 
 
Description of Procedures. 
The bulk of all clinical activities and study visits will take place at the CU Medicine Colorado Translational 
Research Center (CTRC). The CTRC provides private, quiet exam rooms to CU-Anschutz researchers for 
free. Audiograms and chest x-rays will be performed at the UCH Hospital on the CU-Anschutz campus. 
Cognitive assessments will be performed in a private room at the Linda Crnic Institute. Clinical labs and 
autoantibody assessments will be performed at the UCH Clinical Laboratory. All researcher labs, offices, and 
facilities involved in the clinical trial are located at CU-Anschutz and are within a five-minute walk of each 
other. Blood draws will be performed by qualified phlebotomists who have extensive experience with 
participants with DS. Participants and their representatives are accompanied to the CTRC by a clinical 
coordinator, who will then communicate with a member of the laboratory team for the timely transfer of the 
tubes containing the blood.  
In addition to the study visits and activities and AE monitoring described in detail above, existing medical 
records will also be accessed during the trial. All data will be given an alphanumeric, randomly generated 
Study IDs and will be stored in HIPAA-compliant password and access restricted programs, such as 
REDCap. The linker key for identification of participant names corresponding to Study IDs will be access 
restricted to select members of the clinical team who need this information for job related duties. As such, 
the resulting coded information available to investigators is considered de-identified in accordance with 
HS.gov guidance (https://www.hhs.gov/hipaa/for-professionals/privacy/special-topics/de-
identification/index.html#specificstudies). This study will use University mandated web-based study 
scheduling module called Oncore, that uses participant level identifiable information to integrate scheduling, 
financial, and study visit tracking information.  
From coded blood samples, our laboratory team will separate plasma, white blood cells (WBCs), and red 
blood cells (RBCs), and will generate various molecular and cellular datasets, including transcriptome data 
from WBCs (RNA-seq), cytokine data (MSD assays), metabolomics data, and autoantibody data. All coded 
clinical and molecular data will be stored in HIPAA-compliant a central data repository hosted by the CU-
Anschutz School of Medicine Information Technology Office.   
Risks, Protections from Risk, and Justifications. 
The potential risks associated with participation in the study center largely around the usage of Tofacitinib. 
Increased risks associated with taking Tofacitinib include: development of serious infections and sometimes 
fatal infections, especially in participants taking concomitant immunosuppressants; development of solid 
tumor cancer; laboratory abnormalities such as lymphocytosis, neutropenia, anemia, elevated liver enzymes, 
elevated lipids, elevated serum creatinine, and elevated blood creatine phosphokinase; nasopharyngitis; 
diarrhea; headache; rash; nausea; and hypertension. Additional risks may include gastrointestinal 
perforation. These risks will be addressed in the informed consent form. 
To mitigate these risks, the design of the inclusion and exclusion criteria, as well as the study visit timeline 
and safety monitoring labs, have been optimized to meticulously protect participants. Individuals with any 
active infection and those taking concomitant immunosuppressants will be excluded from the study due to 
the increased risk of developing severe infections. Individuals with any history of malignant solid tumor 
cancers will be excluded from the study due to the increased risk of developing a malignancy. Safety 
monitoring will be performed at each visit to ensure participants do not develop infections or unsafe levels of 
cell counts, liver enzymes, lipids, creatinine, and creatine phosphokinase. Participants will see a study doctor 
at each of the eight visits to monitor overall health and ensure any other side effects, such as headache, 
nausea, diarrhea, or high blood pressure are appropriately managed and reported. 

https://www.hhs.gov/hipaa/for-professionals/privacy/special-topics/de-identification/index.html#specificstudies
https://www.hhs.gov/hipaa/for-professionals/privacy/special-topics/de-identification/index.html#specificstudies
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Because development of infection is a risk associated with Tofacitinb, it should be noted that individuals with 
DS have higher incidence and severity of some specific infections, especially respiratory tract infections due 
to respiratory syncytial virus and S. pneumonia (129-132). A variety of factors contributing to this increased 
risk have been studied, including immune deficiencies and anatomical abnormalities in the airway and ear, 
though none have yet translated to clinical improvements in morbidity and mortality. An interesting hypothesis 
with regard to the increased bacterial infection with S. pneumonia being tested now by our group is that 
constitutive activation of IFN signaling in the DS lung drives immune suppression and predisposes individuals 
with DS to infection, much like the epidemiological observations in typical individuals that susceptibility and 
severity of S. pneumoniae infection increases secondary to a course of viral infection, such as influenza (133-
135). If this hypothesis were correct, we could reasonably expect an improvement in bacterial infection risk 
with Tofacitinib treatment, though this may or may not be observed during the 16-week treatment in this 
clinical trial. Nevertheless, though it may seem initially counterintuitive, precedent does exist for treating 
participants already at-risk for infection with immunosuppressive therapies, as is the case for systemic lupus 
erythematosus (SLE), another IFN-driven condition (136). Multiple therapeutic strategies have been used to 
inhibit IFN signaling in SLE, such as anti-IFNR antibodies (30), an IFN ‘vaccine’ (34), and JAK inhibitors, 
including Tofacitinib (35-37, 137). Given these factors, and the preventative design of the trial described 
above, we believe the potential for increased risk of infection in the population with DS when treated with 
Tofacitinib to be within reason and well-mitigated. 
Outside of the risks associated with Tofacitinib, additional risks associated with participation in the clinical 
trial are minimal and include the risk of anxiety, fatigue, boredom or frustration during the completion of the 
questionnaires and testing sessions, and the potential loss of confidentiality as a result of a security breach 
to access identifying clinical data. In addition, participants in the clinical trial will be asked to give blood, with 
the implied potential risks of venipuncture, including potential bruising or minimal scarring of the skin at the 
site of the puncture. The potential minimal risk of the loss of privacy will be addressed in the consent form.   
To protect from these minimal risks, the study will be explained in a clear and detailed manner by a clinical 
coordinator prior to enrollment. Participants will be given opportunities to ask questions and will be informed 
that they can drop out of the study at any time for any reason or for no reason. A signed copy of the consent 
form will be given to each participant. During the cognitive testing sessions, participants will be given the 
opportunity for frequent breaks as needed. If necessary, longer study visits which include cognitive testing 
will be broken down into two shorter visits or rescheduled in order to accommodate the participants’ comfort. 
If participants express fatigue or discomfort, they will be given the option to stop participation or to have 
adjustments made as needed.  
The potential benefits of participating in this clinical trial to an individual with DS are great and diverse. Due 
to JAK inhibition with Tofacitinib, participants may experience improvement in their presenting immune skin 
condition, including but not limited to AD, AA, HS, vitiligo, and psoriasis. Participants may also experience 
improvement in a range of other immune conditions common in individuals with DS, such as hypothyroidism, 
celiac disease, and type I diabetes, as well as improvement in cognition. In addition to these, participants 
may feel a sense of pride having been able to contribute to meaningful research that one day may help 
themselves or others with DS. All efforts have and will be made by the study team to minimize potential risks 
to participants while maximizing potential benefits. In our opinion, the far-reaching potential health benefits 
of participation in the clinical trial outweigh the potential risks, which are closely monitored and carefully 
managed by the study team.   
 
VI. Potential Scientific Problems:  
Specific Aim 1. Despite the FDA-approval of Tofacitinib for diverse immune conditions and its widespread 
testing in the typical population, it remains possible that it may cause more SAEs in people with DS, in which 
case we would stop this trial. A qualitative interim analysis, including all AE data, after completing all trial 
activities on at least 10 participants, and up to 15 enrolled participants to account for attrition, will help to 
inform early indication of safety and whether to proceed with the rest of the trial. If Tofacitinib proves to be 
more unsafe in DS, in the future (outside of the scope of this protocol), an alternative could be one of the 
newly developed JAK1-specific inhibitors that are currently being tested in >10 clinical trials for immune skin 
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conditions. Another potential problem could be to recruit 40 participants as a single site, the likelihood of 
which will be defined at the end the qualitative interim analysis. If a multi-site trial is deemed necessary to 
complete the trial, we would work with COMIRB to alter our protocol accordingly and establish partner sites, 
pending funding. If this were the case, our team has established collaborative relationships with other DS 
clinics in the United States, including the Adult Down Syndrome Clinic at Advocate Lutheran General 
Hospital, Park Ridge, IL (via Dr. Brian Chicoine); the Down Syndrome Clinic and Research Center at 
Kennedy Krieger Institute, Baltimore, MD (via Dr. George Capone); and the Developmental Disabilities 
Practice-Based Research Network in Cleveland, Ohio (via Dr. Carl Tyler), which could potentially serve 
as additional sites.  
Specific Aim 2. As demonstrated by our preliminary data and publications, we have strong expertise in the 
research activities proposed, and do not foresee major issues with data generation. In terms of data analysis, 
as an alternative to the univariate approach described below in Data Analysis Plan, we could embark on 
multivariate machine learning approaches, such as random forests and support vector machines (e.g. (138, 
139)), to identify combinations of ISGs, cytokines, or metabolites, that change significantly upon Tofacitinib 
treatment. These efforts will be for research purposes only, and not part of our endpoints. 
Specific Aim 3. It is possible that some skin conditions will be more sensitive to JAK inhibition than others. 
For example, in our experience, AD, the most common of the evaluated conditions among those with T21, 
is more likely to respond rapidly to JAK inhibition than vitiligo. If this proves to be the case during the initial 
10-participant phase, we may revise our inclusion criteria for the remainder of the trial to maximize 
recruitment of individuals that will experience a clinical benefit within 16 weeks of treatment. It is also possible 
that we will have responders and non-responders even within the same immune skin condition. Although this 
would dilute our chances of reaching our endpoints, it could be nonetheless very informative to identify 
differences in IFN scores, cytokines, metabolites or other clinical variables among the two groups, which 
would inform the design of follow up trials. 
Specific Aim 4. It is possible that changes in cognition may not be discerned during the relatively short time 
course of treatment. Also, it is possible that not all participants will be able to complete all tasks. However, 
we have taken steps to minimize these risks associated with a short treatment window by selecting measures 
that are scalable and highly sensitive to change. We have addressed the attrition concern by selecting 
measures that are developmentally engaging, brief, and easy to administer, thus reducing threats to validity 
based on participant motivation issues. Furthermore, to address confounding issues observed in previous 
DS assessment work, each task specifically minimizes motor, expressive language, and receptive language 
demands, all areas of pronounced challenge in DS. The proposed assessments, therefore, strike a balance 
between the most advanced approaches to characterizing cognition while maintaining a high degree of 
feasibility of administration and minimizing phenotype specific threats to validity and reliability. Nevertheless, 
during the initial 10-participant phase we will explore other instruments driven by new findings related to DS 
outcome measure validation. 
 
VII. Data Analysis Plan:  
 
Specific Aim 1. To define the safety profile of JAK inhibition in people with Down syndrome.  
Primary Endpoint: Evaluate the safety of Tofacitinib in people with Down syndrome. 
Endpoint Definition: no more than two serious adverse events (SAE) definitely related to treatment during 
the 16-week study period (see Data and Safety Monitoring Plan).  
Method: This number is based on published safety data for Tofacitinib for the treatment of rheumatoid arthritis 
in the general population, which indicates a rate of 9.4 SAEs per 100 patient years. Given that our trial aims 
to enroll 47 participants for 16 weeks of treatment (though we anticipate up to seven participants would be 
lost to attrition at various times during the treatment course) for a maximum total of 14.5 patient years of 
treatment, a comparable number of SAEs is 1.36. 
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Specific Aim 2. To determine the impact of JAK inhibition on the immune dysregulation caused by trisomy 
21.  
The overall goal of our data analysis plan in this Aim is to define which immune processes dysregulated by 
T21 can be normalized by Tofacitinib treatment, i.e. returned to values observed in typical people. 
Importantly, data shown in this proposal demonstrate that we have already defined the directionality and 
average magnitude of the change between people with and without T21. For example, we determined that 
IFN scores are significantly higher in people with DS (Figure 3C) and expect that Tofacitinib will reduce these 
values. Whereas some of the features dysregulated by T21 may be normalized by Tofacitinib treatment, 
others may not, and this will provide an important mechanistic insight to understand the molecular 
underpinnings of immune dysregulation in DS. Accordingly, the endpoints associated with this Specific Aim 
focus on effects of Tofacitinib (16 weeks of treatment) on four classes of molecular markers of immune 
dysregulation:  
Primary Endpoint: Change in IFN scores in the transcriptome of white blood cells.  
Endpoint Definition: Statistically significant reduction in average IFN scores between baseline and 16 weeks 
as defined by a two-sided, paired Student’s t-test. 
Method: To determine the impact of Tofacitinib on IFN scores, a two-sided, paired Student’s t-test will be 
used to compare baseline and 16 weeks of treatment for participants with good compliance with the study 
drug (2 or fewer missed pills) and without a confounding reported adverse event in the 7 days prior to the 
Visit 7 endpoint. With 40 participants, we have 80% power to detect an effect size of 0.45 with a p-value 
<0.05, as calculated by G*Power software.  
Exploratory Research Goal: A more exploratory research goal, not considered part of the primary endpoint, 
would be to define if there are differences in IFN scores between clinical ‘responders’ and ‘non-responders’ 
as defined by changes in IGA, DLQI, or skin-specific scores as defined in Specific Aim 3 below. It is difficult 
at this point to estimate how many responders versus non-responders there will be in the study, and 
hopefully, all participants will see clinical improvement, in which case this exercise will not be 
necessary. Assuming that half of the participants will see clinical improvement as defined by IGA for example 
(i.e. 20 responders versus 20 non-responders), we are powered to see an effect size of 0.66 between the 
two groups. 
Secondary Endpoint: Change in levels of circulating cytokines. 
Endpoint Definition: Statistically significant reduction in the cytokine score at 16 weeks of treatment as 
defined by two-sided, paired Student’s t-test. 
Method: To determine the impact of Tofacitinib treatment on the Cytokine Score values (a composite Z score 
derived from the measurements of IP10, TNF-α, CRP, and IL6), a two-sided, paired Student’s t-test will be 
used to compare baseline and 16 weeks of treatment for participants with good compliance with the study 
drug (2 or fewer missed pills) and without a confounding reported adverse event in the 7 days prior to the 
Visit 7 endpoint. With 40 participants, we have 80% power to detect an effect size of 0.45 with a p-value less 
than 0.05, as calculated by G*Power software.  
Exploratory Research Goals: For an exploratory component of this analysis to test the impact of Tofacitinib 
on individual plasma cytokine levels (15+ cytokines measured in total, see Research Strategy), using a non-
parametric Kolmogorov-Smirnoff (KS) test with 40 participants comparing baseline and 16 weeks of 
treatment, we have 80% power to detect and effect size of 0.47 with a p-value <0.05, as calculated by 
G*Power software, using FDR correction for multiple testing on 15 cytokines. This investigation will include 
cytokines isolated from both the blood and non-invasive skin tapes. For the exploratory goal of defining 
differences between responders and non-responders, assuming that half of the participants will see clinical 
improvement, we are powered to see an effect size of 0.66 for the composite Cytokine Score and 0.68 for 
individual cytokines. 
Tertiary Endpoint: Change in levels of neurotoxic metabolites in the kynurenine pathway.  
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Endpoint Definition: Statistically significant reduction in one or more of three kynurenine dysregulation values 
at 16 weeks of treatment as defined by a two-sided, paired Student’s t-test with FDR correction. 
Method: To determine the impact of Tofacitinib treatment on the levels of kynurenine, quinolinic acid, and the 
kynurenine/tryptophan ratio, a two-sided, paired Student’s t-test will be used to compare baseline and 16 
weeks of treatment for participants with good compliance with the study drug (2 or fewer missed pills) and 
without a confounding reported adverse event in the 7 days prior to the Visit 7 endpoint. With 40 participants, 
we have 80% power to detect an effect size of 0.45 with a p-value less than 0.05, as calculated by G*Power 
software, and using FDR correction for multiple testing on three KYN pathway dysregulation values.  
Exploratory Research Goal: For the exploratory goal of identifying differences between clinical responders 
and non-responders, assuming that half of the participants will see clinical improvement (i.e. 20 responders 
versus 20 non-responders), we are powered to see an effect size of 0.66 between the two groups, as 
calculated by G*Power software. 
Tertiary Endpoint: Change in levels of autoantibodies associated with AITD and celiac disease. 
Endpoint Definition: Statistically significant reduction in levels of one or more autoantibodies at 16 weeks as 
defined by a two-sided, paired Student’s t-test. 
Method: To determine the impact of Tofacitinib on levels of autoantibodies associated with 1) AITD, i.e. anti-
thyroperoxidase (TPO), anti-thyroglobulin (TG), and anti-thyroid stimulating hormone receptor (TSHr), and 
2) celiac disease, i.e. anti-tissue transglutaminase (TG) and deamidated gliadin peptide (DGP), a two-sided 
Student’s t-test will be used to compare baseline and 16 weeks of treatment. With 40 participants, we have 
80% power to detect an effect size of 0.45 with an FDR corrected p-value less than 0.05, as calculated by 
G*Power software.  
Specific Aim 3. To define the impact of JAK inhibition on immune skin conditions in Down syndrome.  
Secondary Endpoint: Change in IGA, DLQI, and/or disease-specific scores. 
Endpoint Definition: A statistically significant percentage reduction in one or more metrics of skin pathology, 
including: a) IGA values, b) DLQI values, and/or c) disease-specific scores between baseline and 16 weeks 
as defined by a two-sided, paired Student’s t-test. 
Method: The first endpoint for this Specific Aim will be to monitor changes in the Investigator’s Global 
Assessment (IGA), which is a well-established, disease-agnostic measurement of skin disease severity that 
employs a continuous visual analog scale and has good test-retest reliability. A second disease-agnostic 
secondary endpoint will be the Dermatology Life Quality Index (DLQI), a patient-reported outcome that is 
commonly used in dermatology trials. The third secondary endpoint for this study is a percentage reduction 
in the disease-specific measurements used to monitor each skin condition. We will employ Eczema Area and 
Severity Index (EASI) for AD, Severity of Alopecia Tool (SALT) for AA, Modified Sartorius Score (MSS) for 
HS, Psoriasis Area and Severity Index (PASI) for psoriasis, and Vitiligo Extent Tensity Index (VETI) for 
vitiligo. By focusing on a percentage reduction in disease-specific scores, we will be able to compare values 
from participants with different conditions. In every case (IGA, DLQI or disease-specific scores) we will define 
whether the percentage reduction reaches significance using a two-sided, paired Student’s t-test comparing 
baseline and 16 weeks of treatment. In every case, for 40 individuals, we have 80% power to detect an effect 
size of 0.45 with a p-value less than 0.05, as calculated by G*Power software. Finally, although we will be 
analyzing changes between baseline and 16 weeks, data will be also gathered at the intermediate time point 
of eight weeks for research purposes.  
Specific Aim 4. To characterize the impact of JAK inhibition on cognition and quality of life in Down 
syndrome.  
Tertiary Endpoint: Change in any one or more of the cognitive assessments performed. 
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Endpoint Definition: a statistically significant improvement in any one of the cognitive measures employed 
between baseline and 16 weeks as defined by a Wilcoxon signed-rank test with FDR correction or a two-
sided, paired Student’s t-test, as appropriate.  
Method: This Aim includes exploratory tertiary endpoints to determine the impact of Tofacitinib treatment on 
cognitive outcomes in people with DS using cognitive assessments and their subdomains. For example, for 
Leiter 3 subdomains, we will employ a Wilcoxon signed-rank test (matched pairs) with which we have 80% 
power to detect an effect size of 0.32 with an FDR-corrected p-value less than 0.05, as calculated by G*Power 
software. For CANTAB subdomains, we will employ two-sided, paired Student’s t-test comparing baseline 
and 16 weeks of treatment, we have 80% power to detect an effect size of 0.45 with an FDR-corrected p-
value less than 0.05, as calculated by G*Power software.  
Tertiary Endpoint: Change in PROMIS surveys of quality of life. 
Endpoint Definition: A statistically significant improvement in any one or more of the NIH PROMIS tools 
employed between baseline and 16 weeks as defined by a two-sided, paired Student’s t-test. 
Method: Efforts in this Aim also include the NIH-developed PROMIS tool for quality of life assessment. Here, 
we will employ two-sided, paired Student’s t-test comparing baseline and 16 weeks of treatment, we have 
80% power to detect an effect size of 0.45 with a p-value less than 0.05 as calculated by G*Power software.  
 
Secondary analysis to investigate potential age- and sex-dependent effects. 
Although we are unlikely to have sufficient numbers for separate analysis of effects in children versus adults 
or females versus males, it is possible that the effects of the study drug may differ with age and/or sex, 
potentially reducing our power to detect significant differences in endpoint measures. To address this issue, 
we will conduct a series of secondary analyses, which would not affect the definition of the endpoints or the 
assessment of whether the endpoints were met or not, to investigate potential effects of age and sex as 
modifiers of the effects of the study drug. 
Toward this end, we will use repeated measures ANOVA to test for significant interaction of outcome 
variables with either age (as a continuous variable) or sex. These analyses will yield p-values and estimates 
of the difference in effect size per unit of age, or between females and males, for each of the outcome 
measures. This would allow us to better interpret any potential failure to meet endpoint definitions. 
 
VIII. Summarize Knowledge to be Gained: 
 
The potential knowledge that may be gained from this clinical trial is substantial. The biomedical significance 
of immune disorders is undisputed – approximately 10% of the American population suffers from an 
autoimmune disease resulting in hundreds of millions of dollars in medical expenses. Furthermore, 
individuals with DS are likely the largest human population with a genetic predisposition to autoimmunity and 
inflammatory disorders, which we hypothesize is due to the consistent activation of the IFN response and 
consequent widespread immune dysregulation. This clinical trial will, for the first time, evaluate in DS the 
impact of JAK inhibition on immune skin conditions, on molecular markers of IFN activity and immune 
dysregulation in DS, and on cognition.  
If JAK inhibition proves to beneficial in any of the endpoints in this trial, this knowledge would have the 
potential to not only advance the understanding of DS as an immune disorder, but also to advance the 
mechanistic understanding of the impacts of immune dysregulation in general. Furthermore, the clinical trial 
will provide a multidimensional analysis of diverse yet intertwined biological processes – immune skin 
conditions, general immune dysregulation, IFN signaling, and cognition – which has the potential to 
accelerate the repurposing of JAK inhibitors, or other anti-IFN strategies, for the treatment of a wide range 
of immune and neurological conditions thought to be driven by IFN signaling. For example, we hypothesize 
that JAK inhibition could provide therapeutic benefits for diverse autoimmune conditions more prevalent in 
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DS, pulmonary hypertension, cases of developmental regression, various seizure disorders, and even 
perhaps be used in combination with anti-amyloid strategies for the treatment of Alzheimer’s disease in DS. 
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