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The advent of JAK inhibitors has provided a powerful new set of immunomodulatory agents 

to treat rheumatoid arthritis (RA). JAK inhibitors bind to and interfere with the function of 

Janus kinases (JAKs), which mediate signaling downstream of multiple cytokine and growth 

factor receptors(1). Given the wide range of cytokines that JAK inhibition can potentially 

influence, it is important to establish the dominant immunologic effects that these molecules 

exert in patients. In this issue of Arthritis and Rheumatology, Tanaka and colleagues 

describe the changes in circulating lymphocyte populations induced by baricitinib using data 

from 3 Phase 3 randomized controlled trials(2). By examining alterations in lymphocyte 

populations in over 2000 patients, with some patients followed for 2 years, the authors 

provide a robust set of observations that can be compared to experience with other JAK 

inhibitors and can yield insights into the effects of baricitinib on immune cell homeostasis.

Randomized, placebo-controlled trials provide a powerful infrastructure upon which to build 

correlative immunologic analyses. Blood samples can be obtained before and after initiation 

of therapy and can be collected longitudinally throughout the trial to determine changes 

induced by therapy over time (Figure 1). While measurements of cytokines in serum have 

been frequently employed in such studies, detailed assessments of the circulating immune 

cells themselves may provide a higher resolution view of the most active immune cell 

populations and pathways in individual patients(3). Immune cell phenotyping by flow 

cytometry can quantify many leukocyte populations with diverse functions and has the 

potential to identify cell populations that are strongly influenced by drug therapy(4). These 

cell populations then serve as candidates that can be evaluated as potentially important 

targets in the mechanism of action of the drug. In addition, immunophenotyping data can be 

mined for cellular biomarkers that predict response to therapy or adverse events.

Correlative assessments of immune cell alterations may be particularly valuable in 

evaluating therapies that target complex pathways such as the JAK-STAT pathway. There are 

4 JAKs (JAK1, JAK2, JAK3, and TYK2), which pair in defined combinations to transduce 

signals downstream of cytokine receptors. JAKs typically act by phosphorylating specific 

Signal Transducers and Activators of Transcription (STAT) proteins, which then translocate 

to the nucleus and regulate gene expression. JAK inhibitors bind individual JAKs with 

varying affinities; thus, each JAK inhibitor may affect different cytokine pathways to varying 

degrees(1). Tofacitinib, the first FDA-approved JAK inhibitor for treatment of moderate to 

severe RA, preferentially binds JAK1 and JAK3. Baricitinib preferentially binds JAK1 and 

JAK2 and has recently received FDA approval at the 2 mg dose for treatment of moderate to 

severe RA with an inadequate response to anti-TNF therapy. Both tofacitinib and baricitinib 

potently interfere with interferon and IL-6 signaling, 2 important pathways in RA pathology. 
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However, because of differences in JAK binding, the 2 drugs may also exert distinct 

immunologic effects. Other selective JAK inhibitors are also being evaluated in RA, with 

filgotinib and upadacitinib preferentially targeting JAK1 and decernotinib preferentially 

targeting JAK3. The selectivity of different inhibitors for the 4 JAKs is relative and not 

absolute; nonetheless, comparing the overlap and differences in their effects on immunologic 

parameters, clinical endpoints, and adverse events may prove informative in identifying the 

major immune functions affected by each JAK inhibitor.

One strategy to gain insights into the critical effects of these drugs in clinical disease is to 

evaluate the cellular and molecular changes in the target tissues of RA patients exposed to 

the drug. Using synovial tissue biopsies obtained from RA patients before and 1 month after 

treatment with tofacitinib, Boyle and colleagues demonstrated a significant decrease in the 

expression of matrix metalloproteinases and the interferon-inducible chemokine CXCL10 

following treatment with tofacitinib(5). These same studies demonstrated that decreases in 

the phosphorylation of STAT1 and STAT3, which are substrates of JAKs, were associated 

with a good clinical response to tofacitinib(5). These observations suggest that tofacitinib 

may inhibit phosphorylation and activation of STAT1 and STAT3 to dampen actions of 

interferons and IL-6 in RA synovium.

Studies of the effects of JAK inhibitors on circulating immune cells may also provide 

insights into immunologic mechanisms associated with clinical outcomes. While immune 

cells in the blood may not fully reflect the pathologic mechanisms in the target tissue, blood 

samples can be routinely collected from large cohorts of patients at regular intervals, 

bolstering the power of these analyses. In this issue of Arthritis and Rheumatology, Tanaka 

and colleagues evaluate lymphocyte counts and composition in 3 Phase 3 randomized 

controlled trials that compared baricitinib to placebo in active RA patients (RA-BEAM, RA-

BEACON, and RA-BUILD), as well as in a long-term extension study (RA-BEYOND). 

Blood samples were collected longitudinally throughout the trials from 2,186 study 

participants and shipped to a commercial laboratory with 8 harmonized analysis locations. 

The laboratory sites used validated methods to generate robust flow cytometric 

quantification of lymphocytes from the blood samples. By combining data collected in a 

uniform way from 3 large clinical trials at defined intervals, the authors amass a substantial 

cytometry dataset with which to assess the effects of baricitinib exposure on lymphocyte 

populations over time.

The authors find that initiation of baricitinib induces a transient increase in lymphocyte 

counts within the first 4 weeks of treatment, with increases observed across CD4+ T cells, 

CD8+ T cells, NK cells, and B cells. CD4+ and CD8+ T cell counts returned to baseline by 

12 weeks. NK cell counts dipped below baseline by 12 weeks and then stabilized and 

returned to baseline by 1 year. B cell counts remained stably elevated through 24–32 weeks 

and then returned to baseline by 1 year. The transient increase in T cell counts and the more 

prolonged increase in B cell counts appear highly reproducible, observed with 2 different 

doses of baricitinib across the 3 Phase 3 trials. Notably, a very similar pattern of a transient 

increase in T cells and a more persistent increase in B cells has been observed with 

tofacitinib treatment, suggesting likely shared mechanisms for these effects(6, 7).
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The reasons for transient increases in lymphocytes induced by baricitinib are unclear. It is 

possible that baricitinib alters the migration of lymphocytes into and out of secondary 

lymphoid organs, which can be strongly influenced by environmental cues such as 

chemokines and sphingosine 1-phosphate(8, 9). Alterations in lymphocyte maturation or 

survival could also influence total circulating lymphocyte counts. Nonetheless, the return of 

T cell counts to baseline by 24–32 weeks, despite continued drug treatment, suggests that 

this modest change may be of little clinical significance. The authors also demonstrate that 

despite causing increased B cell counts, baricitinib treatment reduces rheumatoid factor and 

anti-citrullinated peptide antibody levels, suggesting that the increase in total B cell counts is 

unlikely to reflect a major expansion of RA antigen-specific B cells.

Tanaka and colleagues utilize the long-term extension study in RA-BEYOND to follow 

lymphocyte counts in patients exposed to baricitinib for up to 2 years, and at these later time 

points some notable trends emerge. When followed out to 2 years, the CD3+ T cell count in 

baricitinib treated patients showed a steady downward trend, although levels remained above 

the lower limit of normal. Both CD4+ T cells and CD8+ T cells showed a significant 

decrease from baseline levels, with more than a 15% decrease in CD4+ T cells and over 20% 

decrease in CD8+ T cells. Notably, a similar downward trend in CD3+ T cell counts was 

observed with 1 year of tofacitinib use(6). Longer term observations of tofacitinib use have 

indicated that total lymphocyte counts continue to decrease for up to 4 years, with a 28% 

reduction from baseline in CD4+ T cells and a 27% reduction in CD8+ T cells after a 

median of 5 years of treatment(10, 11). Evaluation of longer periods of baricitinib use will 

be important to determine whether the T cell counts plateau or whether they continue to 

decrease with extended use. In addition, comparison with other selective JAK inhibitors (e.g. 

JAK1- or JAK3-selective inhibitors) as the data become available will be very interesting to 

try to decipher which JAKs exert the relevant effects.

Detailed phenotyping of the lymphocyte populations may suggest possible mechanisms and 

implications of decreased lymphocyte counts over time. Using 4–7 parameter flow 

cytometry panels, Tanaka and colleagues tracked Th1, Th17, and T regulatory (Treg) cell 

subsets, the latter requiring a more complicated protocol to detect intracellular expression of 

the Treg master regulator FoxP3. The authors demonstrate that Th1 (CD4+ CXCR3+ CCR6-) 

T cell counts appear to trend down over 1 year of treatment, while Treg (CD4+ CD25+ 

CD127low FoxP3+) counts remain stable over the course of 2 years. The preferential loss of 

Th1 cells, compared to Th17 cells, might suggest that Th1 cells rely on a cytokine that is 

strongly inhibited by baricitinib. The preserved Treg counts with baricitinib treatment might 

also imply effects on specific cytokines. Inhibition of IL-6, an effect of JAK inhibitors, can 

increase the frequency of Tregs in the circulation, as has been observed with tocilizumab 

(anti-IL-6 receptor)(12). The ability of tocilizumab to increase Treg populations in RA 

patients is consistent with a role for IL-6 in blunting Treg differentiation. In addition, it has 

been suggested that the limited effect of baricinib on JAK3 (compared to tofacitinib) may 

allow for relatively unimpeded IL-2 signaling through STAT5 to preserve Treg survival(13). 

Thus, an intriguing possibility is that baricitinib may act to preserve Treg counts while other 

effector T cell populations contract. Further evaluation of the frequency and function of 

Tregs after treatment with different JAK inhibitors will be of substantial interest.
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Beyond acquiring potential mechanistic insights, a major motivation to pursue these 

phenotyping analyses is to develop cellular biomarkers to predict clinical outcomes. The 

authors begin to evaluate lymphocyte population counts as potential biomarkers of 

treatment-emergent infection, with a particular focus on NK cell changes. While suggestive, 

these analyses have not yet produced actionable biomarkers, perhaps in part because the 

characterization of lymphocyte populations still remains somewhat superficial. As 

lymphocyte biology becomes increasingly sophisticated, the desire to subclassify cell 

populations in finer detail grows. One wonders about the effects of baricitinib on 

lymphocyte subpopulations not captured in the 4–7 parameter flow cytometry panels used. 

For example, are there selective differences in CD56dim CD16+ versus CD56bright NK cell 

populations? What are the effects on lymphocyte populations expressing markers of 

activation, proliferation, exhaustion, or senescence? Is there a skewing of T cells across 

differentiation stages, such as recent thymic emigrants, T memory stem cells, or late-stage 

CD45RA+ T effector memory cells? Are there effects on innate-like T cell populations, such 

as MAIT cells, gamma delta T cells, or natural killer T cells?

Rapid advances in high-dimensional single cell analyses, coupled with development of novel 

data analysis methods, are enabling increasingly powerful, high-resolution maps of cell 

populations within patient samples(4). Mass cytometry, which can measure 40 or more 

parameters simultaneously on single cells, is being implemented in large-scale 

immunophenotyping studies of RA patient synovial and blood samples in the Accelerating 

Medicines Partnership RA/SLE network(14). Single cell RNA-seq technologies make even 

genome-wide gene expression measurements of single cells feasible. If such technologies 

can be applied in a cost-effective manner to samples collected from patients within the 

defined structure of large clinical trials, this would provide a remarkable resource to 

interrogate for biomarkers of treatment response and adverse events. The work from Tanaka 

and colleagues illustrates a satisfying example of the foundations that might support large-

scale, high-dimensional biomarker discovery efforts in rheumatic diseases.
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Figure 1: 
Schematic of immune cell phenotyping within a clinical trial design. Quantitative 

immunophenotyping can track the frequency of different leukocyte populations 

longitudinally. In addition to comparisons with the placebo control arm, changes in 

leukocyte frequencies in the active treatment arm can be tracked over time, allowing for 

correlation with clinical parameters.
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