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1. Composition

The module M12.11 belongs to Aggregate A37 from the BloodGen3 fixed module repertoire
(1,2). This module aggregate is associated with circulating erythroid cells. It was found to be
associated with RSV disease severity (3). We showed in the same study that the abundance of
A27 transcripts is also elevated in the blood of patients with stage IV melanoma (3).

It comprises 24 genes: ALDH5A1, BNIP3L, C200RF108, DNAJA4, FAM104A, HBD, HS.105618,
HS.291319, ISCA1L, LOC389293, MPP1, MXI1, PRDX2, RAB2B, RAD23A, RIOK3, RPIA, SIAH2,
SLC1AS5, TFDP1, TRAK2, TSTA3, UBE20O, YOD1

2. Functional convergence

Functional associations were identified among the genes constituting M12.11 using GPT-4 (see

Step 2 method for details).

Functional Themes Associated Genes |Comments

are all involved in processes related to protein folding,
DNAJA4, SIAH2, and |degradation, or response to stress, which are crucial
Protein homeostasis UBE20 aspects of protein homeostasis.

BNIP3L is involved in apoptosis and autophagy, two
processes that can be activated in response to cellular
stress. PRDX2 is an antioxidant enzyme that helps
protect cells from damage caused by reactive oxygen
Cellular stress species, which can be produced under conditions of
responses and survival |BNIP3L and PRDX2 [stress.

ALDH5A1 plays a role in GABA degradation, which is a
crucial part of neurotransmitter metabolism. RAB2B is
involved in vesicle trafficking, which is essential for the
ALDH5A1 and transport of various substances, including metabolic
Metabolic processes RAB2B intermediates and signaling molecules, within cells.

3. Scoring and prioritization



Genes were scored on six criteria using GPT-4 and Claude. The scores were averaged, and
candidate genes were ranked according to their cumulative scores (Figure 1, Methods: Step 3
and Step 4).

The two LLMs were requested to score each gene on the following six statements:

a. The gene is associated with erythroid cells or erythropoiesis.

b. The gene is currently being used as a biomarker in clinical settings.

c. The gene has potential value as a blood transcriptional biomarker.

d. The gene is relevant to circulating leukocytes immune biology.

e. The gene is a known drug target.

f. The gene is therapeutically relevant for immune-mediated diseases.
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Figure 1: The stacked bar graph shows cumulative scores across six criteria for the 24 M12.11
genes. The top five genes selected for further evaluation were: HBD, SLC1A5, UBE20, PRDX2 and
YOD1.
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Figure 2: The radar plot represents individual scores for the 5 top scoring genes: HBD, SLC1A5,
UBE20, PRDX2 and YOD1.

4. Knowledge-driven evaluation of top five candidates

Function: “The HBD gene is responsible for encoding the delta subunit of hemoglobin.
Post fetal development, its expression diminishes as the dominant form of hemoglobin becomes
HbA (7). Mutations in HBD may lead to certain types of beta-thalassemia (8). The SLC1A5 gene
codes for the ASCT2 protein, which mediates the cellular influx of neutral amino acids,
significantly impacting cell growth and survival (9). The UBE20 gene codes for an E2 enzyme that
functions in the ubiquitin-proteasome system, instrumental in protein degradation and involved
in various biological processes including cellular differentiation and immune response (10).
PRDX2 is an antioxidant enzyme, part of the peroxiredoxin family, playing a critical role in cellular
redox regulation and defense against oxidative damage (11). Finally, the YOD1 gene encodes a

deubiquitinating enzyme, crucial in the ubiquitin-proteasome system, controlling protein stability



and activity by removing ubiquitin molecules from target proteins, and contributing to protein
quality control, cell cycle regulation, and immune response (12).”

a. Relevance to erythroid cells and erythropoiesis:

“Hemoglobin subunit delta (HBD) plays a critical role in erythroid cell function,
constituting a significant component of the hemoglobin found within these cells (13). On the
other hand, SLC1A5, though involved in general cellular growth and survival, shows no specific
connection to erythroid cells or erythropoiesis (14), as does UBE20, despite its recognized
significance in erythroid cell development and maturation (10). Similarly, while PRDX2, found in
erythrocytes, contributes to protecting these cells from oxidative damage, no direct link with
erythroid cells or erythropoiesis has been established (15). Lastly, YOD1, despite limited evidence
implying its involvement in erythropoiesis, lacks any direct association with erythroid cells or
erythropoiesis (16).”

b. Is used as a clinical biomarker:

There is limited evidence of HBD or SLC1A5 being used as biomarkers in clinical settings.
Likewise: “There is currently no clear evidence of UBE20 and YOD1 being utilized as clinical
biomarkers in standard medical practice (18)(19). And as of the last update in September 2021,
PRDX2 testing is not extensively used as a biomarker in routine clinical settings, despite some
research suggesting potential applications (20).”

c. Potential relevance as a blood transcriptional biomarker:

“HBD, a crucial player in oxygen transport, shows promise as a blood transcriptional
biomarker, especially in conditions affecting erythropoiesis and hemoglobin synthesis, such as
beta-thalassemia or certain persistent hemoglobin variants. Similarly, SLC1AS5, involved in cellular
growth and survival, holds potential as a blood transcriptional biomarker for conditions related
to glutamine metabolism. However, both HBD and SLC1AS5 require further investigation to
establish their reliability as biomarkers. On the other hand, UBE20, implicated in hematopoiesis,
and PRDX2, with its antioxidant defense role, may also serve as blood transcriptional biomarkers,
but their utility remains uncertain, necessitating additional research. Likewise, YOD1, though
offering limited evidence, warrants further investigation to determine its validity as a blood

transcriptional biomarker.”



d. Relevance to leukocytes immune biology:

“HBD primarily functions within erythrocytes, having little to no direct involvement in
leukocyte biology or immune function, despite its potential to indirectly impact immune
responses (21). SLC1AS5, though not conclusively tied to leukocyte biology, may have significance
due to its role in cellular survival and proliferation, regulating glutamine uptake and metabolism
in various cell types (9). UBE20 and YOD1, both ubiquitously expressed, play crucial roles in
immune responses by managing protein degradation and NF-kappaB signaling pathways
respectively in immune and leukocyte cells (22)(23). Lastly, PRDX2, a component of the
antioxidant system, may have indirect relevance to circulating leukocytes' biology (24). However,
its specific role within these cells is not thoroughly researched as of the last update in 2021.”

e. Is a known drug target:

“The HBD gene encodes the delta subunit of fetal hemoglobin (HbF), a crucial component
of the oxygen-carrying protein, hemoglobin, predominantly expressed during fetal development.
In adults, the major hemoglobin form is HbA, with mutations in HBD leading to certain types of
beta-thalassemia. The SLC1A5 gene encodes the ASCT2 protein, responsible for transporting
neutral amino acids into cells, pivotal for cellular growth, survival, and proliferation. This
transporter is essential for glutamine uptake, particularly in the kidneys, brain, and immune cells,
impacting acid-base balance, neurotransmitter signaling, and immunity. Mutations in SLC1A5 are
linked to glutamine deficiency disorders. The UBE20 gene produces an E2 enzyme, a part of the
ubiquitin-proteasome system, which targets proteins for degradation. This enzyme plays a role
in protein ubiquitination, influencing cellular processes such as growth, differentiation,
apoptosis, and immune responses. PRDX2 is a member of the peroxiredoxin family, encoding an
enzyme that neutralizes peroxides and safeguards cells from oxidative damage, thereby
regulating cellular proliferation, differentiation, apoptosis, and other processes related to aging,
immunity, and inflammation. Lastly, the YOD1 gene produces a deubiquitinating enzyme integral
to the ubiquitin-proteasome system. This enzyme removes ubiquitin from proteins, impacting
cell growth, differentiation, and proliferation. Its functions may extend to immunity,
inflammation, and oncogenesis.”

f. Potential therapeutic relevance for immune-mediated diseases:




“The HBD gene, while influencing hemoglobin which can have indirect effects on the
immune system, is not directly implicated in immune-mediated diseases, nor is it a potential
therapeutic target for such conditions; its main functions pertain to erythropoiesis and
hemoglobin structure (25). In contrast, SLC1A5, due to its role in cellular survival and
proliferation, might have therapeutic relevance for immune-mediated diseases, though it also
holds potential for metabolic or neurological conditions; however, conclusive evidence is lacking
(9). UBE20 and YOD1, both implicated in immune modulation, are prospective therapeutic
targets for immune-mediated diseases, possibly including cancers, but the depth of their
potential roles remains under-researched (26)(19). Similarly, PRDX2, with its function in oxidative
stress response, may hold potential as a therapeutic target in immune-mediated diseases or
metabolic disorders, but its exact role is not yet extensively determined as of September 2021

(27).”
5. Examining expression patterns of top 5 candidates across leukocyte populations

The expression patterns of the top 5 candidate genes were examined across diverse leukocyte

populations and hematopoietic precursors using two reference transcriptomic datasets.

5.1 Densely interconnected transcriptional circuits control cell states in human hematopoiesis —

(GSE24759)

http://developmentalimmunology.gxbsidra.org/dm3/geneBrowser/show/4000026



http://developmentalimmunology.gxbsidra.org/dm3/geneBrowser/show/4000026
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This stacked bar graph shows the expression levels of the five candidate genes. ERY3-5
populations are CD71+ GLYA+ erythroid cells. The original article provides full experimental
details: (NN). The web link above also provides access to more complete information about this
dataset as well as individual gene profiles.

5.2 Next generation sequencing of human immune cell subsets across diseases — (GSE60424)

http://cd2k.gxbsidra.org/dm3/geneBrowser/show/4000098



http://cd2k.gxbsidra.org/dm3/geneBrowser/show/4000098
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This stacked bar graph shows the expression levels measured by RNAseq of the five candidate
genes across six leukocyte populations and whole blood. The abundance is shown for each gene
in each population for an average of up to 20 samples. Additional experimental details are
accessible via the link provided above and is available as part of this sample series GEO record

(GSE60424) (4).
6. Overall pick(s) for M12.11

We aim to establish a universal immune profiling assay that measures transcript abundance of
a panel of genes in whole blood using targeted molecular profiling technology (Immune
profiling transcriptome fingerprinting assay). The top candidate identified here among the set
of genes constituting M12.11 will be subjected to more in-depth evaluation using a pre-
established workflow (5, 6).

Claude and GPT-4 were prompted to select a top candidate on the basis of the information
summarized above in section 4, taking into account all six scoring criteria equally (Methods:

Step 7).


https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE60424

Claude chose HBD: “Based on the additional information provided, | would suggest HBD

as the top candidate gene for inclusion in a targeted assay aiming to measure
differences in transcript abundance for a circulating erythroid cell signature.
The key reasons are:

e HBD plays a critical and direct role in erythroid cell function as a key component
of hemoglobin, which is the most abundant protein in erythrocytes. Its
expression is closely tied to erythropoiesis.

e |tis highly specific to erythroid cells compared to the other genes. The other
genes have more general cellular functions or lack direct ties to erythroid biology.

e Mutations in HBD lead to hemoglobin disorders like thalassemias, indicating its
importance in proper erythroid cell function. Its expression levels could provide
insight into these disorders.

e HBD testing is already used clinically to diagnose hemoglobin variants and
thalassemias, demonstrating its utility as a biomarker relevant to erythroid cells.

e As a hemoglobin subunit, its expression directly reflects erythroid cell functional
status. Altered levels would be informative of disturbances in erythropoiesis or
oxygen transport.

e It has potential as a blood transcriptional biomarker in conditions affecting
hemoglobin synthesis and erythropoiesis.

In summary, the critical role of HBD in oxygen transport and its specificity to erythroid
cells, along with its clinical relevance as a diagnostic marker, make it the top choice for
inclusion in an erythroid cell transcriptional signature assay. Its expression levels can
offer valuable insights into erythroid cell function and hemoglobin disorders.”

GPT-4 chose HBD: “Given the provided information, we should consider the following criteria to

select the top candidate gene for a targeted assay to measure differences in transcript

abundance for a circulating erythroid cell signature:

1. Direct Relevance to Erythroid Cells: The gene should have a clear and well-established
role in erythroid cells and erythropoiesis.
2. Clinical Biomarker Usage: The gene should already be utilized or show promise as a

clinical biomarker, suggesting its measurable importance in clinical settings.



3. Potential as a Blood Transcriptional Biomarker: The gene should have potential
relevance as a blood transcriptional biomarker, especially in the context of
erythropoiesis.

4. Minimal Relevance to Leukocyte Immune Biology: As we are targeting erythroid cells,
we should prioritize genes with minimal relevance to leukocyte biology or immune
function.

5. Drug Target Relevance: While this is not the main criterion, knowing whether the gene
is a target of existing drugs can suggest its significance in medical contexts.

6. Therapeutic Relevance for Inmune-mediated Diseases: Given that the assay is for a
circulating erythroid cell signature, direct implication in immune-mediated diseases isn't

the primary criteria but can offer additional insight.

With the above criteria in mind:

e HBD:
O Has acritical role in erythroid cell function.
O Is used as a clinical biomarker for diagnosing specific hemoglobin variants and
thalassemia.
o Shows promise as a blood transcriptional biomarker for conditions affecting
erythropoiesis.
O Primarily functions within erythrocytes with no direct involvement in leukocyte
biology.
o Encodes a crucial component of hemoglobin.
o Not a direct therapeutic target for immune-mediated diseases.
e SLC1A5, UBE20, PRDX2, YOD1.:
o Vary in their relevance to erythroid cells, but none have as direct and clear a
connection as HBD.

o Have varying relevance to leukocyte biology and immune functions.



O Their roles as clinical biomarkers, drug targets, and therapeutic relevance for
immune-mediated diseases also vary, but none of these roles prioritize erythroid

cell relevance over HBD.

Conclusion: Considering the outlined criteria, HBD is the top candidate gene to be included in a
targeted assay aiming to measure differences in transcript abundance for a circulating erythroid
cell signature. Its direct involvement in erythroid cell function, use as a clinical biomarker, and
potential as a blood transcriptional biomarker clearly sets it apart from the other genes in the

context of erythroid cells.”

Both GPT-4 and Claude identified HBD as the top candidate. Based on its direct role in
erythroid cell function, we identify HBD as our primary M12.11 selection for subsequent
characterization.

7. Overall pick for M12.11 based on summarized justifications and reference
transcriptional datasets.

GPT-4 and Claude were asked to pick a top candidate. They were told to consider the fact-
checked summary justifications that were created earlier. They were also told to factor in the
gene expression data from the three reference datasets. By using multi-tier prompting, GPT-4

and Claude could integrate all this information to select the best candidate.
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