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1. Composition 

The module M13.26 belongs to Aggregate A37 from the BloodGen3 fixed module repertoire 

[22, 23]. This module aggregate is associated with circulating erythroid cells. It was found to be 

associated with RSV disease severity [24]. We showed in the same study that the abundance of 

A27 transcripts is also elevated in the blood of patients with stage IV melanoma [24]. 

It comprises 40 genes: AP2A1, ATP6V0C, BMP2K, C16ORF35, C19ORF22, C2ORF24, C9ORF78, 

CCDC23, CREG1, EIF2AK1, ELOF1, FAM100A, FOXO4, FURIN, GABARAPL2, GCLC, GPX1, H1F0, 

HDGF, ISCA1, LYL1, MAF1, MKRN1, NINJ2, PNP (NP), PIM1, PINK1, PNPLA2, PRR6, PSMF1, 

RFESD, RNF123, RNF14, STK33, STOM, SYT15, TERF2IP, TFDP2, XPO7, YPEL3 

 

2. Functional convergence 

Functional associations were identified among the genes constituting M13.26 using GPT-4 (see 

Step 2 method for details). 

 

Functional Themes Associated Genes Comments 

Cellular Stress and 
Homeostasis 

GPX1, GCLC, 
PIM1, FOXO4, 
EIF2AK1, PINK1 

Several genes (GPX1, GCLC, FOXO4, EIF2AK1, PINK1) are 
involved in pathways that counteract cellular stress, 
particularly oxidative stress. 

Protein Trafficking, 
Processing, and 
Degradation 

AP2A1, 
GABARAPL2, 
FURIN, XPO7, 
PNPLA2 

Genes like AP2A1, GABARAPL2, and FURIN play roles in 
processing, modifying, or trafficking proteins within the cell. 

Regulation of Gene 
Expression 

LYL1, MAF1, 
TERF2IP, TFDP2 

Several genes (LYL1, MAF1, TERF2IP, TFDP2) regulate the 
expression of other genes, impacting a wide range of cellular 
functions. 

Signaling and 
Cellular 
Communication BMP2K, STK33 

BMP2K has a role in the bone morphogenetic protein (BMP) 
signaling pathway. 
STK33 is a serine/threonine kinase, suggesting involvement 
in cellular signaling. 



Nucleotide 
Metabolism and Cell 
Proliferation PNP (NP) PNP (NP) is involved in purine metabolism. 

Cellular Structures 
and Interactions STOM, NINJ2 

STOM is involved in erythrocyte membrane integrity. 
NINJ2 is associated with nerve injury and regeneration. 

 

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. 



Figure 1: The stacked bar graph shows cumulative scores across six criteria for the 40 M13.26 

genes. The top five genes selected for further evaluation were: PIM1, PNP (NP), LYL1, GPX1 and 

GCLC. 



Figure 2: The radar plot represents individual scores for the 5 top scoring genes: PIM1, PNP (NP), 

LYL1, GPX1 and GCLC. 

4. Knowledge-driven evaluation of top five candidates 

Justifications given by the GPT-4 and Claude for the scores provided across the 6 criteria were 

compiled and summarized by GPT-4 (Methods: Step 5). For each statement pertinent references 

were retrieved using GPT-4 or Claude, with the relevance of each reference checked and 

attributed manually by the researcher authoring this report.  

 
Function: “The PIM1 gene encodes a serine/threonine kinase, a member of the 

serine/threonine kinases family, which phosphorylates other proteins by adding a phosphate 

group. This phosphorylation is vital for various cellular processes, such as cell division, survival, 

proliferation, and differentiation. Notably, PIM1 acts as a proto-oncogene, and its mutation or 

overexpression can lead to hematologic malignancies, with its role evident in hematopoiesis, 

leukemias, and lymphomas [1]. Similarly, the LYL1 gene instructs the synthesis of a protein 

fundamental for early hematopoietic stem cell and lymphocyte development. As a transcription 

factor, LYL1 regulates the proliferation and differentiation of hematopoietic stem cells, 



influencing both lymphoid and myeloid lineages [2]. In contrast, the GPX1 gene produces the 

selenium-containing enzyme glutathione peroxidase 1, essential for neutralizing reactive oxygen 

species and preventing oxidative damage by reducing harmful molecules like hydrogen peroxide, 

lipid peroxides, and organic hydroperoxide [3]. Lastly, the GCLC gene produces the heavy subunit 

of glutamate-cysteine ligase (GCL), the pivotal enzyme in glutathione biosynthesis. Glutathione, 

composed of glutamate, cysteine, and glycine, serves as a primary defense against oxidative 

stress and ensures cellular redox balance [4]. On a different note, the enzyme PNP, central to 

purine metabolism, drives the purine salvage pathway by facilitating the reversible 

phosphorolysis of purine nucleosides into their corresponding purine bases and ribose-1-

phosphate [5].” 

a. Relevance to erythroid cells and erythropoiesis:  

“Current evidence underscores the significant roles of PIM1 and LYL1 in erythropoiesis. 

Specifically, PIM1 is closely associated with erythropoiesis, notably within the context of 

malignancies [6]. Similarly, LYL1 has been firmly established as a vital player in hematopoiesis, 

with an emphasis on the development of erythroid cells [7]. On the other hand, while the GPX1 

gene is implicated in the antioxidant defense mechanism of erythroid cells due to its anti-

oxidative functions, its direct role in erythropoiesis awaits more extensive validation [8]. The 

GCLC gene, recognized for its contribution to redox balance and cellular defense against oxidative 

stress, is presumed to be relevant to erythroid cell health and erythropoiesis, yet its direct 

involvement requires additional verification [9]. Contradictorily, even though PNP was previously 

believed to lack a direct association with erythropoiesis, recent insights reveal its elevated 

expression in erythroid lineage cells, emphasizing its importance. Any loss in PNP activity triggers 

a dGTP accumulation, impairing DNA synthesis and leading to hematopoietic anomalies [10]. ” <I 

don’t think the last statement about PNP is correct - MY> 

b. Is used as a clinical biomarker:  

“PIM1, while indicating prognostic significance in certain hematological malignancies, is 

not conventionally employed as a clinical biomarker [6]. Similarly, LYL1's association with specific 

leukemia types hints at its potential biomarker utility, yet its routine clinical use is absent [11]. In 

contrast, GPX1 has clinical relevance as a biomarker, especially in gauging antioxidant capacity 



and detecting oxidative stress, making it particularly pertinent in cardiovascular diseases and 

cancer contexts [12]. GCLC's involvement in glutathione synthesis and oxidative stress suggests 

potential as a biomarker for conditions like neurodegenerative diseases and cancer, though its 

current clinical application is limited [9]. Lastly, PNP serves as a biomarker for PNP deficiency and 

has established significance in monitoring disease status in conditions like acute leukemias; 

however, its decreased activity's connection to T-cell lymphoblastic leukemia/lymphoma needs 

further validation [13].” 

c. Potential relevance as a blood transcriptional biomarker:  

“PIM1, with its established role in hematopoiesis and hematological malignancies, 

presents promising potential as a blood transcriptional biomarker, though it awaits complete 

validation [6]. LYL1, integral to hematopoiesis, similarly holds promise as a transcriptional 

biomarker in hematopoietic differentiation [14]. While GPX1's role in the oxidative stress 

response suggests its potential utility as a blood transcriptional biomarker, its validation remains 

in the preliminary stages [8]. GCLC's pivotal function in glutathione synthesis, crucial for cellular 

redox balance, hints at its potential as a transcriptional biomarker, especially in conditions linked 

to oxidative stress; however, its validation is not yet comprehensive [9]. PNP, although not widely 

recognized as a transcriptional biomarker, has been explored in specific contexts such as its 

deficiency and in ALL patients, suggesting its potential prognostic value, but it too requires 

further validation [13].” 

d. Relevance to leukocytes immune biology: 

“PIM1 is robustly associated with the biology of circulating leukocytes, stemming from its 

pivotal role in hematopoiesis and hematological malignancies [15]. LYL1, similarly, has a 

pronounced link to both leukocyte and lymphocyte biology, particularly given its involvement in 

lymphocyte development [2]. GPX1, through its antioxidative action, plays a role in leukocyte 

immune biology, as it counteracts reactive oxygen species which function as immune response 

modulators, though its direct relationship requires additional validation [8]. GCLC, due to its 

influence on redox balance and oxidative stress, holds potential relevance to immune biology in 

circulating leukocytes; however, this association warrants further investigation [9]. Lastly, PNP, 



prominently expressed in lymphocytes, plays a central role in their proliferation and function, 

with a PNP deficiency directly resulting in compromised T cell immunity [13].” 

e. Is a known drug target:  

“PIM1 kinase is robustly identified as a potential drug target, particularly for 

hematological malignancies and cancer, echoing the significant evidence pointing towards its 

relevance in hematological cancers [6]. Although LYL1's association with hematopoiesis and 

leukemia hints at its potential as a drug target, it is not currently recognized as such [14]. GPX1, 

given its role in addressing oxidative stress, is postulated as a potential drug target in cancer 

biology, but it isn't established as a major one yet [8]. GCLC's importance in oxidative stress 

positions it as a promising drug target, especially in the realms of neurodegenerative diseases 

and cancer [9]. Meanwhile, PNP stands out with tangible progress in drug development: PNP 

inhibitors, such as forodesine, are being formulated for lymphoid malignancies, including T-cell 

acute lymphoblastic leukemia (ALL) [16].” 

f. Potential therapeutic relevance for immune-mediated diseases:  

“PIM1, while established in hematopoiesis and cancer, requires further elucidation 

concerning its role in immune-mediated diseases, despite evidence hinting at its relevance [6]. 

LYL1, pivotal in lymphocyte development, may possess significance for immune-mediated 

diseases, but concrete evidence, particularly linking it to immune-mediated leukemias, remains 

scarce [14]. GPX1, instrumental in antioxidant responses, holds potential relevance to immune-

mediated diseases, with some evidence supporting this association, yet more comprehensive 

studies are needed [8]. Similarly, GCLC, central to glutathione synthesis and redox balance, may 

play a part in the pathogenesis of immune-mediated conditions, meriting additional research [9]. 

PNP stands distinct in this context: its deficiency leads to compromised lymphocyte function and 

immune irregularities, underscoring the therapeutic promise of PNP supplementation, especially 

for PNP-deficient individuals and select autoimmune conditions [13, 17].” 

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 
 

 
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: [18]. 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://developmentalimmunology.gxbsidra.org/dm3/geneBrowser/show/4000026
http://cd2k.gxbsidra.org/dm3/geneBrowser/show/4000098


 
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) [19]. 

6. Overall pick(s) for M13.26 

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 M13.26 will be subjected to more in-depth evaluation using a pre-

established workflow [20, 21].  

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 PIM1 and LYL1: “Based on the information provided, I would suggest PIM1 and 

LYL1 as the top candidate genes for inclusion in a targeted assay measuring differences in 

transcript abundance for a circulating erythroid cell signature. 

 

The key reasons are: 

- Both PIM1 and LYL1 have well-established roles in erythropoiesis and are highly relevant to 

erythroid cell biology. This makes them strong candidates for an erythroid cell signature. 

- They are involved in key processes like proliferation, differentiation and development of 

erythroid lineage cells. Altered expression could reflect disturbances in erythropoiesis. 

- PIM1 in particular is closely tied to hematological malignancies involving erythroid cells, so it 

could be informative of disease states. 

- While not conventional biomarkers, both genes have potential clinical and biomarker utility 

based on their biological importance and links to hematopoietic diseases. 

- As transcription factors and regulators, their expression levels are likely to reflect functional 

alterations in erythroid cells. 

In comparison, while GPX1 and GCLC are antioxidants with presumed roles in erythropoiesis, 

their direct relevance requires more validation. PNP is important for hematopoiesis but its link 

to erythroid cells specifically is less evident. 

 

So in summary, PIM1 and LYL1 emerge as lead candidate genes for an erythroid cell 

transcriptional signature based on their biological significance and high relevance to erythroid 

cell processes and diseases. Their expression levels can offer key insights into erythroid cell 

biology and function.” 

GPT-4 chose LYL1: “Considering the criteria, LYL1 appears as the top candidate for inclusion in a 

targeted assay aiming to measure differences in transcript abundance for a circulating erythroid 

cell signature. This decision is based on its pivotal role in erythropoiesis, the development of 

erythroid cells, its potential as a blood transcriptional biomarker, and its pronounced links to 

leukocyte and lymphocyte biology. While other genes also show relevance, LYL1 stands out for 

its multifaceted significance in the context of erythroid cell signature. 



Based on the provided information, let's assess each gene against the specified criteria: 

1. Relevance to erythroid cells and erythropoiesis: 

○ PIM1 and LYL1 are closely associated with erythropoiesis, notably within the 

context of malignancies and the development of erythroid cells. 

○ GPX1 and GCLC are involved in redox balance and oxidative stress, which are 

essential for erythroid cell health, but their direct roles in erythropoiesis are still 

under validation. 

○ PNP has shown elevated expression in erythroid lineage cells, indicating its 

importance in erythropoiesis. 

2. Used as a clinical biomarker: 

○ PIM1 and LYL1 are not conventionally employed as clinical biomarkers. 

○ GPX1 and GCLC have potential but limited current clinical applications. 

○ PNP serves as a biomarker for its deficiency and in specific leukemia contexts. 

3. Potential relevance as a blood transcriptional biomarker: 

○ Both PIM1 and LYL1 hold significant potential as blood transcriptional 

biomarkers. 

○ GPX1, GCLC, and PNP also show promise but require further validation. 

4. Relevance to leukocytes immune biology: 

○ PIM1 and LYL1 have pronounced links to leukocyte and lymphocyte biology. 

○ GPX1, GCLC, and PNP also have relevance, with PNP particularly central to 

lymphocyte proliferation and function. 

5. Known drug target: 

○ PIM1 is a recognized drug target, especially for hematological malignancies. 

○ PNP has tangible progress in drug development, especially for lymphoid 

malignancies. 

○ GPX1, GCLC, and LYL1 hint at potential but are not major drug targets yet. 

6. Potential therapeutic relevance for immune-mediated diseases: 

○ PIM1, LYL1, GPX1, and GCLC all show potential relevance but require further 

studies for validation. 



○ PNP is especially relevant due to its direct impact on lymphocyte function and 

implications in immune-mediated diseases.” 

The LLMs did not incorporate reference transcriptional profiling data in their evaluation and 

prioritization of candidate genes. Given its comparatively higher expression levels and 

restriction across leukocyte populations, our top choice based on this criterion is PIM1. 

Considering this, in conjunction with the rationale provided by both LLMs and our 

understanding of PIM1 and LYL1 biological and clinical relevance, we identify PIM1 as our 

primary M13.26 selection for subsequent characterization. 

 

7. Overall pick for M13.26 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. 

The transcription of the final round of prompting is shown below. 

  

Prompts CLAUDE GPT-4 



PROMPT 1: Based on the summary 

below, please recommend the top 

candidate gene to include in a 

targeted blood transcriptional 

profiling panel. The intent is for the 

selected gene to be representative 

of an erythroid cell signature 

associated with response to mRNA 

vaccines, severity of RSV infection 

and that found to be expressed at 

high levels in patients with 

metastatic melanoma and in liver 

transplant recipients. Please weigh 

the following criteria equally in 

your recommendation: 1) 

Relevance to erythroid cells and 

erythropoiesis, 2) Current use as a 

biomarker, 3) Potential use as a 

blood transcriptional biomarker, 4) 

Relevance to leukocyte immune 

biology, 5) Status as a known drug 

target, 6) Therapeutic relevance for 

immune mediated diseases: [input 

summarized and fact-checked 

justifications from Step 5] 

Based on the provided summary 

and criteria, I would recommend 

SLC2A1 as the top gene to include 

in the targeted blood 

transcriptional profiling panel. 

  

The key reasons are: 

  

- SLC2A1 has a clear and direct role 

in erythroid cells and 

erythropoiesis through encoding 

the GLUT1 glucose transporter, 

which facilitates essential glucose 

transport in red blood cells. This 

aligns well with the intent for a 

gene relevant to erythroid biology. 

  

- SLC2A1 is already recognized as a 

clinical biomarker for diagnosing 

GLUT1 deficiency syndrome. This 

satisfies the criterion for current 

use as a biomarker. 

  

- As a key player in glucose 

metabolism, SLC2A1 has strong 

potential utility as a blood 

transcriptional biomarker in 

conditions like diabetes and cancer 

where metabolism is altered. This 

fulfills the biomarker potential 

criterion. 

  

- SLC2A1 is expressed in leukocytes 

and helps regulate inflammatory 

responses, indicating relevance to 

Based on the detailed information 

provided, the SLC2A1 gene 

appears to be the most suitable 

candidate for inclusion in a 

targeted blood transcriptional 

profiling panel, particularly when 

considering the six equally 

weighed criteria: 

  

Relevance to erythroid cells and 

erythropoiesis: SLC2A1 is directly 

implicated in erythroid cells, 

primarily erythrocytes, facilitating 

the crucial process of glucose 

transport. This is pivotal for cellular 

metabolism, including that of red 

blood cells. This makes it highly 

relevant to erythropoiesis. 

  

Current use as a biomarker: 

SLC2A1 is a recognized clinical 

biomarker for GLUT1 deficiency 

syndrome. It's already utilized in 

clinical settings for diagnosis, 

enhancing its relevance as a 

biomarker. 

  

Potential use as a blood 

transcriptional biomarker: SLC2A1 

has potential utility in conditions 

where glucose metabolism is 

altered, such as diabetes and 

certain cancers. Although further 

validation is needed, its potential 

for this role is significant. 



immune biology. This matches the 

immune biology criterion. 

  

- SLC2A1 is an emerging drug 

target, with GLUT1 inhibitors 

under investigation as possible 

cancer therapeutics. This satisfies 

the drug target criterion. 

  

- Finally, SLC2A1's metabolic role 

makes it potentially relevant for 

targeting immune-mediated 

diseases like type 1 diabetes. This 

addresses the immune disease 

relevance criterion. 

  

In summary, SLC2A1 ranks highly 

across all the stated criteria, 

especially for its erythroid cell 

links, existing biomarker use, 

biomarker potential, and immune 

relevance. For these reasons, I 

recommend it as the top gene for 

inclusion in the desired 

transcriptional profiling panel. 

  

Relevance to leukocyte immune 

biology: SLC2A1 is expressed in 

leukocytes and facilitates 

inflammatory responses by 

regulating glucose uptake. This 

directly ties it to immune function 

in circulating leukocytes, a 

significant point considering the 

gene needs to be relevant to both 

erythroid and leukocyte cell types. 

  

Status as a known drug target: 

SLC2A1 is under investigation as a 

promising drug target, particularly 

for anti-cancer agents through 

GLUT1 inhibitors. This makes it 

relevant in therapeutic contexts. 

  

Therapeutic relevance for 

immune-mediated diseases: Given 

its role in cellular metabolism, 

SLC2A1 has implications for 

immune-mediated diseases like 

type 1 diabetes. GLUT1 inhibitors 

are particularly interesting in this 

therapeutic context. 

  

In summary, SLC2A1 seems to best 

fulfill all six criteria: it is relevant to 

both erythroid cells and immune 

biology, has current and potential 

future utility as a biomarker, is a 

known drug target, and has 

therapeutic relevance in immune-



mediated diseases. Therefore, this 

gene appears to be the top 

candidate for further investigation 

in a targeted blood transcriptional 

profiling panel. 
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