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The process often starts when dendritic cells (DCs)—immune sentinels in your
tissues—detect what they perceive as “danger signals” (e.g., from molecular
patterns associated with damage or pathogens) via receptors like Toll-like
receptors (TLRs). These DCs activate and migrate to lymph nodes or the
spleen, where they present antigens (perceived threats) to CD4+ T cells,
kickstarting the adaptive response. The T cells then polarize into subtypes:

+ Th1 Cells (T helper 1): These CD4+ T cells produce interferon-gamma (IFN-
Y), a cytokine that amps up inflammation by activating macrophages and
other cells. In PMR, Th1 cells are enriched in your synovial fluid and bursa
tissue, where they infiltrate and release IFN-y, driving a “Th1 signature” that
promotes tissue damage without much involvement from IL-17 (another
inflammatory signal) at the local level. This is key in causing bursitis and
tenosynovitis, as IFN-y stimulates nearby cells to produce more
proinflammatory molecules.

« Th17 Cells (T helper 17): Driven by cytokines like IL-6, these CD4+ T cells
(and sometimes CD8+ Tc17 cells) are expanded in your blood, producing
IL-17. IL-17 activates macrophages, endothelial cells (lining blood vessels),
and smooth muscle cells, leading to further inflammation and recruitment of
immune cells to the synovium, bursae, and tenosynovium. However, in PMR
specifically, IL-17 production in bursa tissue comes mostly from non-T cells
(like macrophages), suggesting Th17’s role is more systemic than local.

Once activated, these T cells migrate back to the affected sites (e.g., subacromial
bursae in shoulders or trochanteric bursae in hips), where they team up with
other cells:

+ Macrophages: These infiltrate the synovium and bursae heavily, acting as
“clean-up crews” gone rogue. Stimulated by IFN-y, IL-17, and granulocyte-
macrophage colony-stimulating factor (GM-CSF), they release a cascade of
cytokines like IL-6, IL-1 (including IL-1a and IL-13), and tumor necrosis
factor-alpha (TNF-a). This creates amplifying loops—e.g., GM-CSF from T
cells boosts macrophage IL-6 production, which in turn fuels more Th17
differentiation.

+ Fibroblast-Like Synoviocytes (FLS): These are resident cells in the
synovium, bursae, and tenosynovium that normally maintain joint lubrication
but get hijacked in PMR. Activated by the incoming cytokines (especially



IL-6, IL-1, and TNF-a), FLS proliferate and secrete even more IL-6 in an
autocrine (self-stimulating) loop, leading to swelling, stiffness, and pain. They
also release factors that promote new blood vessel growth (angiogenesis)
and cell adhesion, drawing in more immune cells and perpetuating the cycle.

« Other Cells: B cells are decreased overall but can modulate T cell responses
and add to cytokine production (TNF-a, IL-6). Neutrophils and monocytes
increase in blood and tissues, contributing to innate inflammation. Natural
killer (NK) cells and senescent (aged) T cells express markers like NKG2D,
releasing IFN-y and exacerbating dysregulation.

How This Leads to “Attacks” on Specific Tissues

The immune cascade converges on the bursa, synovium, and tenosynovium
because these are periarticular (around-joint) structures rich in synovial tissue,
making them prime targets for inflammatory infiltration. Cytokines like IL-6
activate pathways such as JAK-STAT (a signaling chain inside cells),
upregulating genes for more inflammation (e.g., TLRs, IL-6 receptors). This
results in:

+ Bursitis: In bursae (e.g., shoulder subacromial), macrophage and T cell
infiltrates cause FLS activation, leading to fluid buildup, swelling, and pain—
often visible on ultrasound or MRI.

+ Synovitis: In joint synovium, similar infiltration causes thickening and
effusion, contributing to stiffness.

+ Tenosynovitis: Around tendon sheaths, cytokine-driven inflammation leads
to sheath enhancement and tendon irritation.

IL-6 is especially pivotal here—it’s elevated in your blood and tissues, driving not
just local attacks but systemic symptoms like fatigue and fever via effects on the
brain and hormone axes. This explains why drugs like sarilumab (an IL-6
blocker) or prednisone (which suppresses cytokine production) can help taper
the response.

While this is based on studies of PMR patients (e.g., bursa biopsies showing
IFN-y-dominant T cells and cytokine profiles), individual variations exist—your
doctor might use blood tests (like CRP/ESR) or imaging to gauge your specific
inflammation. If symptoms persist, discussing genetic or trigger testing could
provide more insight.



Pathogenesis:

Polymyalgia rheumatica (PMR) is a systemic inflammatory syndrome primarily
affecting individuals over 50, characterized by bilateral pain, stiffness, and fatigue
in proximal muscle groups (e.g., shoulders, hips). Its pathogenesis is
multifaceted, involving a dysregulated immune response that fails to resolve,
leading to chronic low-grade inflammation without an identifiable antigen in most
cases. Rather than viewing PMR solely as an autoimmune disorder requiring
suppression (e.g., via high-dose steroids), it can be framed as a breakdown in
inflammation resolution and vascular-immune regulation. This perspective
emphasizes restoring balance through physiologic signals, as in functional
approaches like Homeostasis One™, where unresolved inflammation
perpetuates cytokine loops, mitochondrial dysfunction, increased reactive oxygen
species (ROS), and NF-kB pathway activation in immune cells. Triggers such as
viral infections (e.g., your COVID history) or metaflammation (from stress, high
BMI, insulin resistance) initiate the process, but the core issue is impaired “off
switches” like anti-inflammatory mediators (e.g., IL-10, resolvins), allowing self-
sustaining cycles.

At the core, PMR arises from an overactive innate and adaptive immune
response targeting periarticular structures (bursae, synovium, tenosynovium).
Genetic predisposition (e.g., HLA-DR4 alleles) combines with environmental
factors to activate dendritic cells and macrophages, which present “danger
signals” (e.g., from stressed tissues) to CD4+ T cells. This skews T cells toward
Th1 and Th17 phenotypes, producing IFN-y and IL-17, respectively, which recruit
more immune cells and amplify local damage. The failure of resolution means
pro-inflammatory signals persist, turning acute repair into chronic inflammation.
Vascular involvement is key: cytokines damage endothelium, reducing nitric
oxide (NO) and elasticity, impairing nutrient delivery and perpetuating the cycle.



Role of Mitochondrial Function in PMR Pathogenesis

Mitochondria are central to PMR’s pathogenesis, as they serve as both energy
producers and signaling hubs in immune cells. In PMR, chronic inflammation
leads to mitochondrial dysfunction, where excessive cytokine production (e.g.,
IL-6 from macrophages) generates mitochondrial ROS, damaging the electron
transport chain (ETC) and reducing ATP output. This creates a vicious loop: low
ATP impairs immune resolution, while ROS activates inflammasomes (e.g.,
NLRP3), amplifying IL-1B/IL-6 release. Metaflammation from your metabolic
profile exacerbates this by causing ER stress and mitochondrial fission in
adipocytes/endothelial cells, further elevating ROS and NF-kB activity. Restoring
mitochondrial function (e.g., via therapies boosting ATP/NO) promotes resolution
by enhancing cellular energy for anti-inflammatory shifts (e.g., M2 macrophages)
without suppression.

Reducing ROS in PMR

Reactive oxygen species (ROS) are byproducts of mitochondrial metabolism and
immune activation, elevated in PMR due to inflammaging and metaflammation.
High ROS damage cells (e.g., lipid peroxidation in synovium), activating NF-kB to
sustain cytokine production. Reducing ROS —through antioxidants or therapies
enhancing glutathione —breaks this without suppression by restoring redox
balance (GSH/GSSG ratio), allowing resolution mediators to dominate. For
example, therapies like red/NIR light dissociate inhibitory NO from cytochrome ¢
oxidase, boosting ETC efficiency and lowering ROS by 20-50%, promoting tissue
repair.

Modulating NF-kB Pathways in Immune Cells (Macrophages/T Cells)

NF-kB is a master transcription factor in macrophages and T cells, activated by
ROS or cytokines in PMR to transcribe proinflammatory genes (e.g., IL-6, TNF-
a). In macrophages, NF-kB drives M1 polarization, perpetuating bursitis; in T
cells, it sustains Th17 bias. Modulation without suppression involves inhibiting
upstream signals (e.g., TLR4) or enhancing inhibitors (e.g., IkB), allowing natural
resolution. Therapies like heat (HSP70 induction) or peptides (thymosin alpha-1)
achieve this, shifting to M2/Treg dominance for homeostasis.

Cytokine Loops in PMR and Resolution Focus



Cytokine loops in PMR are self-perpetuating: IL-6 from macrophages activates
STAT3 in T cells, producing more IL-17/IFN-y, recruiting neutrophils and
amplifying damage without invaders. This failure of resolution (lacking IL-10 or
resolvins) sustains symptoms. A non-suppressive approach restores balance by
enhancing mitochondrial function (reducing ROS to dampen NF-kB) and vascular
signaling (NO for better perfusion), allowing natural clearance. For example, your
framework’s light/exercise boosts ATP/NO, modulating NF-kB to break loops.
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