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Principal component 1

Taken together, a cell with a high PC1 score will express high levels of these phagocytic,
complement, iron-handling, inflammasome and acute-phase genes—i.e. it’s a classical
inflammatory monocyte/macrophage. Cells with low PC1 scores will be the lymphoid (T/B/NK)
or non-monocyte compartments. So biologically PC1 = “classical monocyte / innate-immune
activation” versus “rest of PBMCs

Principal component 2

PC1 vs. PC2 LLM interpretation of top 30 genes

PC2 chiefly contrasts “cytotoxic lymphocytes”
cluster vs “B-lineage/APC” cells. \n—- Cells with positive
st | loadings on PC2 are enriched for NK and CD8+
* CD14+ Mono T-cell effector genes (high perforin/granzyme,
. chemokines). \n— Cells with negative loadings

- rearaevono | (OF vice versa, depending on your sign) express

® NK

ol N . B-cell markers and MHC-II. \n- In other words,
o Platelt PC2 is not a cell-cycle or stress axis but a
o lineage/functional axis separating cytotoxic
o .a (innate/adaptive cellular immunity) from

Pe-t humoral/APC programs.

Correlation?

PC 2 clearly separates the B cells from the rest of the PBMCs, being farthest from the NK and CD8
T cells. This aligns well with the LLM interpretation as PC 2 separating cytotoxic cells from APC
cells.

Principal component 3

PC1 vs. PC3 LLM interpretation of top 30 genes
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In practical terms, cells with high positive PC 3
scores are either pure platelets or cells with
bound/ambient platelet fragments. Cells with
strongly negative PC 3 scores are the
MHC-II-high antigen presenters (B-cells,
monocytes/DCs). \n\nSo PC 3 in your dataset is
not a subtle metabolic or signaling axis so much
as a cell-type/technical axis: it separates
droplets dominated by platelet RNA from
droplets dominated by APC
(B-cell/DC/monocyte) RNA. If you are primarily
interested in T-cell biology, you will probably
want to regress out or remove the platelet signal
(e.g. by filtering on PPBP or PF4 expression) or
exclude doublets.

Correlation?

PC3 clearly separates out the platelet population along the y axis, which goes aligns well with the
LLM’s interpretation of high PC 3 scores being pure platelets or cells with bound platelet fragments,

versus all other PBMCs

Principal component 4

PC1 vs. PC4

LLM interpretation of top 30 genes
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In practical terms this PC may be driven by: \n
— true biological variation in the B-cell < platelet
abundance ratio across your PBMC samples, or
\n - technical “contamination” (platelets or
platelet—cell doublets sticking to mononuclear
cells). \n\nSo rather than reflecting, say, a
T-cell/resident-memory axis or cell-cycle drive,
PC4 is best understood as an
antigen-presentation/B-cell vs platelet signature.

Correlation?

PC 4 only separates out the platelets across the y axis, and the LLM interpretation says that platelet
signature is likely one extreme of the PC 4 scores. However, the LLM interpretation says that the
other side of PC 4 would be B cell/ antigen presentation, not mentioning all of the other PBMCs
that seems to be clustered at the top as well.

Principal component 5




PC1 vs. PC5

LLM interpretation of top 30 genes
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PC-5 is not a generic “cell-cycle” or
“monocyte-B cell” axis at all, but rather an axis
of cytotoxic-effector function. Cells scoring
highly on PC-5 are almost certainly NK cells or
CD8+ T cells that have up-regulated the
perforin/granzyme machinery plus inflammatory
chemokines. Low-PC-5 cells are everything else
(naive T, B, monocyte, dendritic). \n\nIn practice
you can overlay PC-5 on your UMAP or t-SNE to
highlight the cytotoxic-effector compartment
and distinguish it from non-cytotoxic
populations.

Correlation?

The LLM response would suggest that we have a separation of cytotoxic cells such as NKs or T

cells, which is not very well represented in the plot.

Principal component 6

PC1 vs. PC6

LLM interpretation of top 30 genes
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Putting it all together, PC6 appears to pick out a
small population of myeloid cells (likely CD16*
monocytes) that are actively cycling or in an
“emergency” activation state. In other words,
PC&6 largely reflects a cell-cycle-driven axis
within a monocyte-derived subset in your PBMC
dataset.

Correlation?

The only separation we can see along the y axis is amongst the monocytes, and the LLM
interpretation does suggest a “cell-cycle-driven axis” within the monocyte population.

Principal component 7

PC1 vs. PC7

LLM interpretation of top 30 genes
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PC-7 is best read as an axis of “proliferation
among myeloid-lineage cells.” In other words, it
picks out the small fraction of your PBMCs that
are (a) dendritic or monocyte-like and (b) in S or
G,/M. All of the classical cell-cycle regulators
load in one direction, while nonproliferating
DC/monocyte markers (e.g. FCER1A vs.
FCGR3A) may load oppositely, further
separating proliferating from non-proliferating
subpopulations. \n\n4. Practical takeaway \n
¢ If you're interested in true biological
differences between cell types, you’ll often
regress out or remove this PC to eliminate
cell-cycle—driven variation. \n e If you care
about proliferation per se (e.g. in activation or
disease settings), PC-7 directly gives you a
single continuous score of cycling myeloid/DC
cells.

Correlation?

The most separated population in the plot are the dendritic cells, which the LLM does interpret as
being separated by the other myeloid cells.

Principal component 8

PC1 vs. PC8

LLM interpretation of top 30 genes
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Putting this together, PC 8 cleanly separates
cells with a “high cytotoxic-effector” program
(activated/memory CD8* T cells and NK cells)
from other PBMCs. The co-loading of
granzymes and chemokines with inhibitory
receptors (TIGIT, Tim-3) suggests it also
captures an activation-to-exhaustion or
differentiation axis within the cytotoxic
compartment.

Correlation?

Any sort of separation is difficult to see in the plot, and CD8 and NK cells are on opposite sides of

the

Principal component 9




PC1 vs. PC9

LLM interpretation of top 30 genes
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PC9 is almost certainly capturing the
“who’s-a-myeloid/DC-cell vs who’s-a-B-cell”
axis in your joint tSNE/UMAP. Cells with high
positive PC9 scores look like inflammatory
monocytes or cDC2s, whereas cells with
strongly negative PC9 scores look like mature B
lymphocytes. \n\n3. Why it shows up in PC9
rather than PC1-PC2 \n
vs NK vs monocytes vs B cells) usually
dominate PC1-PC3 in PBMC. Once you’ve
accounted for those, a finer
distinction—“inflammatory monocyte/DC
activation state” vs “mature B-cell

identity” —often emerges further down, here at
PC9. \n\niIn short, PC9 reflects an
antigen-presenting/inflammatory axis that
discriminates myeloid-lineage cells (monocytes
+ ¢DC2s) from B-lymphoid cells.

The big splits (T cells

Correlation?

The dendritic cells are separated from the other cell populations, but the rest is quite muddled. The
LLM response does capture the separation of DCs.

Principal component 10

PC1 vs. PC10

LLM interpretation of top 30 genes
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Pathway enrichment: “Defense response to
virus,” “Type-I interferon signaling,” “ISGylation,
“nucleic acid sensing.” \ne Cell-type/state:
rather than marking a single PBMC subset,
PC10 seems to capture the degree to which
each cell has engaged a cell-intrinsic
antiviral/IFN program—monocytes, pDCs, T/NK
cells and even differentiating B/plasmablasts all
boost these genes under IFN. \ne Physiology:
could reflect in vivo or ex vivo activation by
type-I IFN (e.g. low-level viral exposure, TLR
stimulation during processing, donor variability
in IFN-a/B tone). \n\nIn short, PC10 is not a
“cell-type” axis so much as an




“antiviral/interferon response” axis across your
PBMC atlas.

Correlation?

It is difficult to see any patterns of population separation in the plot. The LLM response also
captures the ambiguity of PC 10 because it seems to separate cells by intrinsic properties that can
be shared by many different kinds of PBMCs.
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