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1. Composition 
 
The module M15.100 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 17 genes: ARHGEF12, C14ORF45, CISD2, CMBL, FLCN, GCAT, GYPE, HBBP1, 
LOC253012, PCSK1N, PLVAP, RHD, SLC6A9, SPTB, TBCEL, TMEM56, and YPEL4. 
 

2. Functional convergence 
 

Functional 
Themes 

Associated 
Genes Comments 

Cell growth and 
differentiation 

ARHGEF12, 
FLCN 

This gene encodes a member of the Rho guanine nucleotide 
exchange factor family and is involved in the regulation of cell 

growth and differentiation.This gene is involved in the development 
of various types of benign skin tumors, lung cysts, and kidney 

tumors, and mutations in this gene are associated with Birt-Hogg-
Dube syndrome. 

Components of 
blood and 
erythrocyte 
structure 

RHD, SPTB, 
GYPE 

The protein encoded by this gene is the Rh polypeptide, which is 
part of the Rh blood group system.Encodes beta spectrin, a member 

of the spectrin gene family which is a crucial component of the 
cytoskeletal network that underlies the red cell plasma membrane. 

Encodes a member of the glycophorin family, playing a role in 
maintaining the stability of the red blood cell membrane. 

Metabolic 
processes CMBL, GCAT 

Encodes an enzyme that has a role in metabolizing the cysteine 
conjugate of certain halogenated alkenes and alkanes. Involved in 

the breakdown and utilization of ketobutyrate and encoding an 
enzyme involved in the catabolic pathway of methionine. 

 
 

3. Scoring and prioritization 
 
Genes were scored on six criteria using GPT-4 and Claude. The scores were averaged, and 
candidate genes 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. 
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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 17 M15.100 

genes. 

 
The top five genes selected for further evaluation were: RHD, SPTB, PLVAP, FLCN, and CISD2 
(Figure 2). 
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Figure 2: The radar plot represents individual scores for the 5 top scoring genes: RHD, SPTB, 

PLVAP, FLCN, and CISD2. 

 

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 researcher authoring this report. 
 

Function: “The RHD gene is responsible for encoding the RhD protein, which constitutes 
the D antigen of the Rh blood group system. This antigen is a protein expressed on the surface 
of erythrocyte membranes. An individual's blood type is determined as Rh positive or Rh 
negative based on the presence or absence of this D antigen. Notably, the RhD antigen is the 
most immunogenic within the Rh system. The formation of anti-RhD antibodies can lead to 
conditions such as hemolytic disease in newborns and hemolytic transfusion reactions [4], [5]. 
The SPTB gene is responsible for encoding beta spectrin, an integral element of the cytoskeletal 
framework in erythrocytes. Beta spectrin, in conjunction with alpha spectrin, creates the 
spectrin heterodimer. These heterodimers organize and associate to construct a meshwork 
essential for preserving the erythrocytes' distinctive biconcave morphology and ensuring 
membrane durability during traversal through constricted capillaries. Furthermore, SPTB 
encodes the beta subunit of erythrocyte spectrin, a principal structural constituent of the red 
blood cell membrane skeleton. Working synergistically with protein 4.1, spectrin facilitates the 
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crosslinking of actin filaments, thereby imparting membrane adaptability and robustness [6]–
[11]. PLVAP is an endothelial-specific protein essential for regulating vascular permeability and 
mediating leukocyte extravasation. It plays a pivotal role in the formation of diaphragms of 
fenestrae within endothelial cells and is instrumental in establishing the stomatal and fenestral 
diaphragms found in continuous and fenestrated capillaries. Furthermore, besides its presence 
on endothelial cells, PLVAP is also expressed on lymphocytes. Dysfunction of PLVAP can lead to 
vascular leakage and subsequent inflammation [12]–[15]. The FLCN gene encodes the protein 
folliculin, a vital regulator of cellular growth, proliferation, metabolism, and autophagy. 
Folliculin interacts with FNIP1/2 and AMPK to function as a tumor suppressor. Mutations in the 
FLCN gene are linked to Birt-Hogg-Dubé syndrome, manifesting as skin tumors, lung cysts, and 
kidney tumors, including its association with renal cancer [16]–[25]. The CISD2 gene encodes a 
protein that resides in the outer mitochondrial membrane, integral to the energy-producing 
compartments of cells. This protein is pivotal in controlling intracellular calcium levels and 
safeguards against cell death, ensuring the normal functionality of mitochondria. Moreover, 
CISD2 is essential for maintaining mitochondrial integrity and longevity. A deficiency in CISD2 
compromises mitochondrial performance and is associated with Wolfram syndrome 2 [26]–
[28], [29, p. 2], [30]”. 
 
 

a. Relevance to erythroid cells and erythropoiesis: “The RHD gene is closely associated 
with erythroid cells, given its role in coding for the D antigen present on erythrocytes. There is 
robust evidence indicating that RHD is specifically expressed in the erythroid lineage, serving as 
a primary membrane protein in erythrocytes [4], [5], [31], [32]. The SPTB gene exhibits a 
pronounced association with erythroid cells and the process of erythropoiesis. Deficiencies in 
spectrin, the product of the SPTB gene, are frequently implicated in hereditary spherocytosis, a 
disorder affecting red blood cells. Furthermore, there is compelling evidence that SPTB is 
specifically expressed within the erythroid lineage, functioning as a critical element of the 
erythrocyte membrane cytoskeleton [6]–[11], [33]–[36]. PLVAP is implicated in the formation of 
fenestrae in the endothelium of sinusoids, particularly within the spleen and bone marrow 
where erythropoiesis transpires. However, current evidence does not directly associate PLVAP 
with erythroid cells or the process of erythropoiesis itself. Notably, its expression is localized to 
the endothelium [12], [14], [37]. To date, there is no established direct correlation between the 
FLCN gene and erythroid cells or the process of erythropoiesis. Research has not found 
evidence pointing towards FLCN's specific association with erythroid cells or erythropoiesis. The 
gene exhibits a broad expression pattern across different cell types [38], [39]. Current research 
offers only limited evidence that directly links the CISD2 gene with erythroid cells or the 
erythropoiesis process. Investigations have not identified a specific association of CISD2 with 
erythroid cells or erythropoiesis. It's notable that the gene is broadly expressed across a range 
of cell types [29, p. 2], [40]–[43]”. 
 
 

b. Is used as a clinical biomarker: “The RHD gene, while not employed as a traditional 
biomarker, holds significant importance in clinical environments for blood typing and mitigating 
the risk of RhD incompatibility during pregnancy. RHD genotyping is consistently utilized to 
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forecast the likelihood of RhD incompatibility reactions [4], [44]–[46]. Mutations in the SPTB 
gene are linked with hereditary spherocytosis and other red blood cell-related disorders, 
suggesting its potential utility as a clinical biomarker for these conditions. However, there is no 
documented evidence supporting the direct clinical use of SPTB levels as a biomarker. The 
diagnosis of related conditions, such as elliptocytosis, primarily relies on genetic testing [36], 
[47]–[50]. In the current clinical landscape, PLVAP is not extensively utilized as a biomarker. 
There is a lack of documented evidence supporting the direct clinical application of PLVAP levels 
for biomarker purposes [51]–[54]. The FLCN gene, while associated with Birt-Hogg-Dubé 
syndrome, is not employed as a conventional biomarker in clinical settings. Instead, the 
diagnosis of Birt-Hogg-Dubé syndrome primarily relies on genetic testing [20], [55]–[58]. 
Currently, CISD2 is not extensively adopted as a biomarker in clinical contexts. There exists no 
substantiated evidence promoting the use of CISD2 levels for clinical biomarker applications. 
The primary methodology for diagnosing Wolfram syndrome 2 remains genetic testing [27], 
[29, p. 2], [41], [59]–[63]”. 
 

c. Potential relevance as a blood transcriptional biomarker: “The RHD gene, while not 
acting as a conventional blood transcriptional biomarker, is pivotal in delineating blood type, a 
fundamental component in transfusion medicine. Being an erythroid membrane protein, the 
levels of RHD can signify erythropoietic activity and have the potential to evaluate the rate of 
red cell production [4], [64], [65]. Due to its intrinsic connection with erythrocyte architecture 
and functionality, SPTB holds potential as an insightful blood transcriptional biomarker for 
disorders impacting red blood cells. As an integral erythroid structural protein, variations in 
SPTB levels may serve as an indicator of erythropoietic activity and the rate of red cell 
generation [47], [66]–[68]. Given its involvement in vascular biology, PLVAP may hold 
prospective merit as a blood transcriptional biomarker. Preliminary data suggest a correlation 
between PLVAP and vascular permeability. However, its validation and establishment as a 
reliable biomarker necessitate further investigation [12], [13], [53], [69]–[71]. Given its 
association with Birt-Hogg-Dubé syndrome, FLCN is posited as a potential blood transcriptional 
biomarker, especially in individuals possessing a familial history of the syndrome. The wider 
applicability of FLCN as a biomarker for other conditions remains to be validated. Functioning as 
a regulator of metabolism and growth, variations in FLCN levels may have implications for these 
processes, though comprehensive validation is still required [21], [24], [72], [73]. Preliminary 
data hint at the potential of CISD2 as a blood transcriptional biomarker, though comprehensive 
validation remains necessary. Being a mitochondrial protein, fluctuations in CISD2 levels might 
have implications for mitochondrial functionality. Further research is essential to confirm its 
utility in this capacity [26], [74]”. 
 

d. Relevance to leukocytes immune biology: “The RHD gene, predominantly expressed 
in erythroid cells, has no established relevance to the immune biology of circulating leukocytes. 
Its specificity lies primarily with erythroid cells, and its association with leukocytes remains 
unverified [75], [76]. The SPTB gene, predominantly involved in erythrocyte structure and 
function, holds limited relevance to the immune biology of circulating leukocytes. Its primary 
specificity is directed towards erythrocytes, and there is no established evidence indicating its 
association with leukocyte processes [77], [78]. Given its role in overseeing leukocyte 
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extravasation, PLVAP holds significance in the biology of circulating leukocytes. Expressed 
predominantly on lymphocytes, PLVAP facilitates their transmigration, underscoring its 
relevance in leukocyte biology [69]. To date, there is no empirical evidence indicating a 
substantial role for FLCN in the immune biology of circulating leukocytes. Specifically, no studies 
or data have elucidated a distinct function for FLCN within circulating leukocyte processes [72], 
[79]. Given its role in mitochondrial functionality, CISD2 might be considered relevant to the 
immune biology of circulating leukocytes, given the critical role mitochondria play in immune 
cell operations. However, to date, no specific evidence has been identified that directly links 
CISD2 to the processes of circulating leukocytes [No references]”. 
 

e. Is a known drug target: “In the current biomedical landscape, RHD is not recognized 
as a drug target. No documented evidence supports the proposition of RHD serving as a 
potential target for pharmacological intervention [80], [81]. While SPTB is not conventionally 
identified as a drug target in the current biomedical paradigm, investigations into spectrin's 
pivotal role in maintaining erythrocyte structural integrity hint at potential therapeutic avenues 
in the future. As of now, there is no documented evidence that designates SPTB as a target for 
pharmacological interventions [No reference]. Given its proposed role in diseases characterized 
by enhanced vascular permeability, PLVAP has been postulated as a potential therapeutic 
target. However, as of now, there is no empirical evidence that substantiates PLVAP as an 
established target for pharmacological interventions [No reference]. Given FLCN's involvement 
in cellular growth and proliferation pathways, it might be hypothesized as a potential drug 
target. However, in the current biomedical research landscape, FLCN has not been extensively 
investigated for this potential role, and there exists no concrete evidence supporting its 
categorization as an established pharmacological target [82]. While there exists evidence 
indicating that CISD2 may have potential utility as a drug target, especially within the realms of 
neurodegenerative diseases and cancer, due to its involvement in apoptosis and autophagy 
processes, it is currently not recognized as an established pharmacological target in the 
biomedical field [83]”. 
 
 

f. Potential therapeutic relevance for immune-mediated diseases: “The RHD gene, 
primarily known as an erythroid blood group antigen, does not possess direct therapeutic 
relevance for immune-mediated diseases. However, its significance is underscored in the 
context of immune responses arising from RhD incompatibility during pregnancy [80], [81], 
[84]–[89]. SPTB, chiefly involved in determining erythrocyte structure, is not currently 
recognized as having therapeutic relevance in the context of immune-mediated diseases. There 
is no documented evidence that associates SPTB directly with immune-mediated disease 
processes, underscoring its primary function in maintaining erythrocyte structural integrity [35], 
[48], [90], [91]. PLVAP's involvement in regulating leukocyte migration suggests potential 
therapeutic relevance for immune-mediated diseases. While there is evidence associating 
PLVAP with inflammation in the endothelium, its specific role in autoimmunity remains less 
explored and necessitates further investigation [52]. The role of FLCN in immune-mediated 
diseases remains ambiguous at present. Although it is primarily characterized as a tumor 
suppressor, there is no concrete evidence, as of yet, that directly associates FLCN deficiency 
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with immune-mediated conditions. Furthermore, no known immunomodulatory therapies 
currently target FLCN [20], [56], [73], [92]. Given its involvement in apoptosis and autophagy 
processes, CISD2 might be hypothesized as having relevance in the context of immune-
mediated diseases. However, current evidence does not specifically associate CISD2 deficiency 
with such diseases. Its primary associations have been found with neurodegenerative 
conditions [59], [63], [93]–[98]”. 
 

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 
 

 
 
 
Figure 3: This stacked bar graph shows the expression levels of five candidate genes. ERY3-5 
populations are CD71+ GLYA+ erythroid cells. The original article provides full experimental 
details: [99]. The web link above also provides access to more complete information about this 
dataset as well as individual gene profiles. 
 
 
 
 

http://developmentalimmunology.gxbsidra.org/dm3/geneBrowser/show/4000026
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5.2 Next generation sequencing of human immune cell subsets across diseases – (GSE60424) 
http://cd2k.gxbsidra.org/dm3/geneBrowser/show/4000098  
 
 

 
 
Figure 4: 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) [100]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://cd2k.gxbsidra.org/dm3/geneBrowser/show/4000098
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE60424
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5.3 BloodGen3 reference cohorts (GSE100150) 
 

 
 
Figure 5: The box plot in panel A shows the changes in abundance of transcripts comprising the 
M15.100 module, expressed within a cohort as the percentage of genes showing differential 
expression between each patient and the respective set of control subjects for this cohort. 
Differential expression is based on fixed cut-off (Log2 Fold Change >1.5, difference>10). These 
values are expressed as % module activity and can range from 100% (all genes are upregulated) 
to -100% (all genes are downregulated). The box plot in panel B show expression levels for the 
top 5 scoring M15.100 genes in patient cohorts relative to respective control subjects matched 
for demographic variables.   
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6. Overall pick(s) for M15.100 
 
We aim to establish a universal immune profiling assay that measures transcript abundance of 
a panel of genes in whole blood using small- or meso-scale molecular profiling technology. 
Compelling candidates identified here from the M15.100 selection pool will be subjected to 
more in-depth evaluation using a pre-established workflow [101], [102]. 
 
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). 

 

Claude chose SPTB: 
 
Here is a summary of the key conclusions so far in our conversation about selecting a candidate 
gene to include in a targeted transcriptional profiling panel: 
 
Initial Assessment 

• Based on the initial summary, SPTB was recommended as the top gene choice due to its 
erythroid-specificity, known functional role in erythrocyte biology, and biomarker 
potential. In comparison, other genes like RHD, PLVAP, FLCN and CISD2 had less direct 
erythroid evidence. 

 
Expression Data Evaluation  

• The RNA-seq and microarray expression data across immune cells and whole blood 
samples confirmed that SPTB had the most erythroid-restricted expression pattern 
compared to the other genes. Its expression was robustly detected. 

• RHD was also erythroid relevant but showed a broader expression profile extending to 
immune cells. Its expression in whole blood was lower and more variable than SPTB 
based on RNA-seq. 

 
Patient Cohort Profiles 

• Across multiple immune-mediated diseases, SPTB showed mild-moderate upregulation 
in expression compared to controls. This supported its biomarker prospects. 

• In comparison, RHD was more variably up and down-regulated across patient cohorts. 
The other genes showed minimal changes.  

 
Key Conclusions 

• Overall, the combined data at multiple levels solidifies SPTB as an optimal erythroid 
representative for inclusion in the panel based on its erythroid specificity, detectable 
expression, and upregulation in immune conditions.  
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• SPTB consistently stood out as aligning closely with the criteria outlined compared to 
other genes. 

 
GPT-4 chose RHD:  
 
Certainly! Here's a summary of our conversation: 
 
1. Research Objective: 
• You're working on understanding the role of certain genes, especially in relation to immune 
cell populations and their differential expression in various health conditions. 
• These genes are: RHD, SPTB, PLVAP, FLCN, and CISD2. 
 
2. Initial Data Analysis: 
• We began by examining the differential expression of these genes in various immune cell 
populations using RNAseq and microarray data. Key observations included: 
• RHD showed substantial variation in T cells, particularly CD8 T cells and memory resting CD4 T 
cells. 
• SPTB was majorly expressed in neutrophils. 
• PLVAP had substantial expression in dendritic cells. 
• FLCN showed significant expression in naïve CD4 T cells. 
• CISD2 showed variation mainly in memory activated CD4 T cells and monocytes. 
 
3. Disease-related Differential Expression: 
• You then provided a comprehensive list of log2 fold changes for these genes across numerous 
health conditions as compared to controls. Some notable patterns are: 
• RHD: Substantial increased expression in conditions like metastatic melanoma, Kawasaki 
disease, active pulmonary tuberculosis, sepsis, and during pregnancy. 
• SPTB: Elevated expression in metastatic melanoma, sepsis, and staphylococcus aureus 
infection. 
• PLVAP: Decreased expression in several conditions like B-cell deficiency, HIV, multiple 
sclerosis, sepsis, and others. However, an increase was noted in metastatic melanoma and 
during pregnancy. 
• FLCN: Elevated expression in metastatic melanoma, during pregnancy, and in respiratory 
syncytial virus infection. 
• CISD2: This gene showed variations across multiple conditions, but the provided data was cut 
off. 
 
4. Potential Implications: 
• RHD: Its variability across multiple immune cell types and significant upregulation in several 
conditions might suggest a broader role in immune responses. 
• SPTB: Its predominant expression in neutrophils and changes in conditions like sepsis and 
infections could link it to frontline immune responses. 
• PLVAP: Given its high expression in dendritic cells and downregulation in many conditions, it 
might be involved in antigen presentation or initial immune recognition. 
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• FLCN: Elevated expression in conditions like melanoma might hint at a role in tumor-
associated immune mechanisms. 
• CISD2: Its importance is yet to be discussed in detail. 
 
To move forward, I recommended: 
• Exploring functional studies or literature reviews for these genes to understand their role in 
immune mechanisms. 
• Conducting pathway analysis to see how these genes might interact in signaling cascades or 
cellular processes. 
• Considering network analysis to explore potential interacting proteins or genes that might 
provide more context to the observations. 
 
Given the discussion so far: 
• RHD: Showed substantial variation across T cell types and significant upregulation in 
conditions like metastatic melanoma, Kawasaki disease, active pulmonary tuberculosis, sepsis, 
and during pregnancy. Given its broad range of differential expression across conditions and 
cell types, it seems to be a strong candidate. 
• SPTB: Its major expression in neutrophils and upregulation in conditions like sepsis and 
infections makes it relevant, especially for frontline immune responses. 
• PLVAP: Although it showed a high expression in dendritic cells, it exhibited decreased 
expression in many conditions. While this downregulation might be important to understand 
specific immune mechanisms, its role as a marker in a gene panel is unclear unless the panel is 
specifically designed to monitor suppression of certain immune pathways. 
• FLCN: Elevated expression in metastatic melanoma and during pregnancy could be of interest, 
especially if the panel aims to study tumor-associated immune mechanisms or reproductive 
immunology. 
• CISD2: The data provided for this gene was cut off, so a comprehensive assessment was not 
made. However, given its differential expression in memory activated CD4 T cells and 
monocytes, further investigation is warranted. 
 
Conclusion: If you have to prioritize, RHD seems to be the most promising candidate given its 
differential expression across a variety of conditions and immune cell types. SPTB and FLCN are 
also intriguing based on their specific patterns of expression in certain conditions and cell types.  
 
Considering this, in conjunction with the rationale provided by both LLMs and our 

understanding of RHD and SPTB biological and clinical relevance, we identify SPTB as our 

primary M15.100 selection for subsequent characterization. 
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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 weighing the 
criteria equally, I would 
recommend the SPTB gene as 
the top candidate to include 
in the targeted blood 
transcriptional profiling 
panel. 
 
The key reasons are: 
 

• SPTB has high 
relevance to erythroid 
cells and 
erythropoiesis, 
encoding beta 
spectrin which is vital 
for erythrocyte 
cytoskeletal structure. 

• While not currently 
used as a biomarker, 
SPTB has clear 
potential as a blood 
transcriptional 
biomarker for 
erythropoiesis rates 
and red blood cell 
disorders.  

• SPTB is erythroid-
specific with no 
known direct 
relevance to 
leukocyte biology. 

• Though not an 
established drug 
target, SPTB hints at 
therapeutic potential 
for erythrocyte 
disorders. 

• SPTB has no identified 
therapeutic 
significance for 

Based on the criteria 
provided and the information 
on each gene presented in 
the summary, let's analyze 
the top candidate gene for 
inclusion in the targeted 
blood transcriptional 
profiling panel: 
 
1. Relevance to erythroid 
cells and erythropoiesis: 
• RHD: High relevance. 
Expressed on erythrocytes 
and delineates Rh blood 
type. 
• SPTB: High relevance. Vital 
for erythrocyte's 
cytoskeleton and shape. 
• PLVAP: Low relevance. Not 
directly linked to erythroid 
cells but involved in 
erythropoiesis sites. 
• FLCN: No known relevance. 
• CISD2: No known 
relevance. 
 
2. Current use as a 
biomarker: 
• RHD: Used in blood typing. 
• SPTB: Potential, but not 
broadly employed. 
• PLVAP: Not employed. 
• FLCN: Diagnosis based on 
genetic testing. 
• CISD2: Genetic testing for 
specific conditions. 
 
3. Potential use as a blood 
transcriptional biomarker: 
• RHD: Potential to indicate 
erythropoietic activity. 
• SPTB: Potential for red 
blood cell disorders. 



13 

immune-mediated 
diseases. 

 
In comparison: 
 

• RHD is highly 
erythroid-relevant but 
lacks biomarker 
potential beyond 
blood typing. 

• PLVAP has leukocyte 
relevance but less 
direct erythroid 
evidence. 

• FLCN and CISD2 have 
ambiguous erythroid 
connections.  

 
Overall, SPTB appears to best 
fit the specified criteria for an 
erythroid-representative 
gene in the panel context 
described. Its known 
erythroid functions and 
biomarker prospects make it 
a sound choice. 

• PLVAP: Emerging potential. 
• FLCN: Uncertain relevance. 
• CISD2: Initial promise but 
needs research. 
 
4. Relevance to leukocyte 
immune biology: 
• RHD: No known relevance. 
• SPTB: No known relevance. 
• PLVAP: High relevance, 
especially its role in 
leukocyte transmigration. 
• FLCN: No known relevance. 
• CISD2: Potential, given 
mitochondria's role in 
immune cells. 
 
5. Status as a known drug 
target: 
• RHD: No current evidence. 
• SPTB: No current evidence. 
• PLVAP: Potential but 
unconfirmed. 
• FLCN: Potential but 
unconfirmed. 
• CISD2: Potential but not 
definitive. 
 
6. Therapeutic relevance for 
immune-mediated diseases: 
• RHD: Relevance in 
managing immune responses 
in RhD incompatibility. 
• SPTB: No identified 
therapeutic relevance. 
• PLVAP: Potential 
therapeutic significance. 
• FLCN: No known relevance. 
• CISD2: More related to 
neurodegenerative disorders. 
 
Recommendation: 
Given the equal weight of the 
six criteria: 
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• RHD stands out due to its 
high relevance to erythroid 
cells (1), its use in blood 
typing (2), potential as a 
blood transcriptional 
biomarker (3), and its 
therapeutic significance in 
RhD incompatibility (6). 
 
• SPTB is also significant 
because of its direct 
involvement in erythroid cell 
structure (1) and its potential 
as a blood transcriptional 
biomarker for erythropoiesis 
(3). 
 
• PLVAP shines in its 
relevance to leukocyte 
immune biology (4) and 
potential therapeutic 
significance for immune-
mediated diseases (6). 
 
Considering all aspects, RHD 
seems to be the top 
candidate, closely followed 
by SPTB, due to its high 
relevance to erythroid cells, 
current clinical use, and 
potential as a blood 
transcriptional biomarker. 

PROMP 2: Now that you have 
provided an initial 
recommendation based on 
the summary, take into 
account the following RNA-
sequencing expression data 
from key immune cell types 
and whole blood samples: 
[input textualized 
transcriptional data]. Given 
this additional RNA-seq 
expression data, does your 

After reviewing the 
additional RNA-sequencing 
expression data for the RHD, 
SPTB, PLVAP, FLCN, and 
CISD2 genes across multiple 
human whole blood samples, 
I would still recommend the 
SPTB gene as the top choice 
to include in the targeted 
transcriptional profiling 
panel. 
 

Given the provided RNA-seq 
data, let's evaluate each 
gene's average expression in 
human whole blood: 
 
1. RHD: 
• Sum: 55.649 (from 
provided values) 
• Average: 55.649/7 = 
7.949857142857142 
2. SPTB: 
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recommended gene selection 
remain the same? Please 
explain which gene you 
would recommend at this 
stage and why, incorporating 
both the summarized 
information provided earlier 
and RNA-seq data in your 
rationale."   

The key reasons are: 
 
- The RNA-seq data shows 
SPTB is robustly expressed in 
whole blood at moderate 
levels (average of ~15 
counts), supporting its 
relevance as an erythroid 
signature gene. 
 
- RHD, while erythroid-
relevant, shows lower and 
more variable expression 
(average of ~5 counts) in 
whole blood based on the 
RNA-seq data. 
 
- The other genes like PLVAP, 
FLCN, and CISD2 exhibit 
either low (PLVAP) or high 
but variable (FLCN, CISD2) 
expression in whole blood, 
with less direct erythroid 
evidence.  
 
- SPTB remains the most 
erythroid-specific gene with 
moderate RNA expression 
levels detected in whole 
blood samples. 
 
- Earlier summarized 
information highlighted 
SPTB's erythroid functionality 
and biomarker potential. 
In summary, the additional 
RNA-seq expression data is 
consistent with and 
reinforces SPTB as a sound 
choice for an erythroid 
representative gene in the 
desired targeted blood 
transcriptional profiling 
panel, based on its 

• Sum: 170.8662857142857 
(from provided values) 
• Average: 
170.8662857142857/7 = 
24.4094693877551 
3. PLVAP: 
• Sum: 7.813142857142857 
(from provided values) 
• Average: 
7.813142857142857/7 = 
1.116163265306122 
4. FLCN: 
• Sum: 359.9718571428571 
(from provided values) 
• Average: 
359.9718571428571/7 = 
51.42455030612245 
5. CISD2: 
• Sum: 66.8385 (from 
provided values) 
• Average: 66.8385/7 = 
9.548357142857142 
From the expression data: 
• FLCN has the highest 
average RNA expression in 
whole blood. 
• SPTB has the second 
highest average RNA 
expression in whole blood. 
• RHD and CISD2 have 
moderate RNA expression in 
whole blood. 
• PLVAP has the lowest RNA 
expression in whole blood. 
Considering the summarized 
information provided earlier: 
1. RHD: High relevance to 
erythroid cells, not a 
conventional biomarker but 
pivotal in blood typing, lacks 
potential as a blood 
transcriptional biomarker, 
has no known relevance to 
leukocyte immune biology, 
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specificity, expression levels, 
and relevance to the criteria 
outlined. The RNA-seq 
findings further support the 
earlier rationale for selecting 
SPTB. 
 

not identified as a drug 
target, lacks direct 
therapeutic significance for 
immune-mediated diseases. 
2. SPTB: High relevance to 
erythroid cells, linked to 
hereditary spherocytosis but 
not a traditional biomarker, 
offers potential as a blood 
transcriptional biomarker, no 
significant relevance to 
leukocyte biology, not 
identified as a drug target, 
has no identified therapeutic 
relevance for immune-
mediated diseases. 
3. PLVAP: Moderate 
relevance to erythroid cells, 
not broadly employed as a 
clinical biomarker, emerging 
potential as a blood 
biomarker, plays a pivotal 
role in the biology of 
circulating leukocytes, 
potential therapeutic target. 
4. FLCN: No direct relevance 
to erythroid cells, potential 
biomarker in the context of 
familial syndromes, no clear 
relevance to circulating 
leukocyte biology, potential 
as a drug target 
unestablished, primary 
characterization as a tumor 
suppressor. 
5. CISD2: No direct relevance 
to erythroid cells, not 
acknowledged as a 
biomarker, potential as a 
blood biomarker under-
investigated, association with 
mitochondrial functionality 
suggests potential relevance 
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to leukocyte biology but no 
direct evidence. 
 
Recommendation: 
Given the criteria and the 
expression data: 
1. FLCN has the highest RNA 
expression, but its relevance 
to erythroid cells and 
erythropoiesis is 
questionable, as is its current 
use as a biomarker or 
potential as a blood 
transcriptional biomarker. 
2. SPTB shows both high 
relevance to erythroid cells 
and a fairly high RNA 
expression in whole blood. It 
offers potential as a blood 
transcriptional biomarker 
and is linked to red blood cell 
disorders. 
Considering all the factors, 
while FLCN has the highest 
RNA expression in the 
dataset, SPTB seems to be 
the most appropriate 
candidate based on its high 
relevance to erythroid cells, 
potential as a blood 
transcriptional biomarker, 
and moderate expression in 
human whole blood. This 
recommendation aligns with 
the initial suggestion, even 
when factoring in the RNA-
seq data. 

PROMPT 3: Now that you 
have provided an initial 
recommendation based on 
the summary and the RNAseq 
data, take into account the 
following microarray 
expression data from key 

After reviewing the 
additional microarray 
expression data, I would still 
recommend SPTB as the top 
candidate gene to include in 
the targeted transcriptional 
profiling panel. 

[N/A: input exceed GPT-4 
limits. Attempts to break 
down inputting the 
textualized data were 
unsuccessful as GPT-4 lost the 
thread of the conversation. 
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immune cell types and 
hematopoietic precursors: 
[input textualized 
transcriptional data]. Given 
this additional microarray 
expression data, does your 
recommended gene selection 
remain the same? Please 
explain which gene you would 
recommend at this stage and 
why, incorporating the 
summarized information and 
RNA-seq data provided 
earlier, as well as this new 
microarray data in your 
rationale. 
 
 

 
The key reasons are: 
 
- The microarray data 
confirms SPTB is highly 
expressed in erythroid 
lineage cells like erythroblast 
subsets compared to other 
cell types. This aligns with its 
known erythroid 
functionality. 
 
- SPTB expression is more 
erythroid-specific compared 
to the other genes based on 
the microarray expression 
across cell types. 
 
- RHD, while very erythroid 
relevant, shows a broader 
expression pattern in 
immune cells based on the 
microarray data. 
 
- PLVAP, FLCN, CISD2 
continue to show ambiguous 
or non-erythroid expression 
patterns. 
 
- The RNA-seq data 
previously showed moderate 
SPTB expression in whole 
blood samples, supporting its 
detection and relevance.  
- Earlier summarized 
information highlighted 
SPTB's erythroid role and 
biomarker potential. 
 
In totality, the combined 
expression data at the RNA 
and protein level solidifies 
SPTB as an ideal erythroid 
representative with known 

Thus, we chose to skip to the 
next prompt] 
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biology and detectable 
expression. The new 
microarray findings reinforce 
the rationale for choosing 
SPTB to capture an erythroid 
signature. 

PROMPT 4: Now that you 
have provided an initial 
recommendation based on 
the summary and the 
immune cells RNAseq and 
microarray data, take into 
account the following 
averaged log2 fold changes in 
RNA abundance in patient 
cohorts compared to 
controls. [input textualized 
transcriptional data]. Given 
this additional data, does 
your recommended gene 
selection remain the same? 
Please explain which gene 
you would recommend at this 
stage and why, incorporating 
the summarized information, 
the leukocytes RNA-seq and 
microarray data provided 
earlier, as well as these new 
patient cohort profiles in your 
rationale. 
 
 

After reviewing the 
additional data on expression 
changes in various patient 
cohorts, I would still 
recommend SPTB as the top 
gene to include in the 
targeted transcriptional 
profiling panel. 
 
The key reasons are: 
 
- Across multiple immune-
mediated conditions like SLE, 
juvenile arthritis, and sepsis, 
SPTB shows consistent mild-
moderate increases in 
expression compared to 
controls. This aligns with its 
potential as a biomarker. 
 
- In comparison, RHD, though 
erythroid relevant, shows 
more variable up and down 
expression changes across 
cohorts. Its biomarker 
prospects appear less 
consistent.  
 
- The other genes like PLVAP, 
FLCN, and CISD2 show 
ambiguous or minimal 
expression changes in patient 
cohorts. 
 
- The earlier RNA-seq and 
microarray data 
demonstrated SPTB's 

The given data provides a 
comprehensive picture of 
how the expression of 
specific genes (RHD, SPTB, 
PLVAP, FLCN, and CISD2) 
changes across various 
conditions/diseases when 
compared to controls. Let's 
analyze these findings to gain 
some insights: 
RHD 
• Generally overexpressed in 
conditions such as Kawasaki 
disease, metastatic 
melanoma, pregnancy, active 
pulmonary tuberculosis, 
acute respiratory syncytial 
virus infection, sepsis, 
systemic lupus 
erythematosus, systemic 
onset juvenile idiopathic 
arthritis, staphylococcus 
aureus infection, and liver 
transplant recipients under 
maintenance therapy. 
• Notably, it's significantly 
downregulated in HIV 
infection, which is intriguing 
since it's a decrease of more 
than 1-fold. 
• Overall, RHD is 
predominantly upregulated 
across several conditions, 
especially in those involving 
immune responses. 
SPTB 
• Most conditions indicate an 
upregulation except for 
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erythroid specificity and 
expression detectability. 
 
- Summarized information 
highlighted SPTB's erythroid 
biology and biomarker 
potential.  
 
In totality, SPTB continues to 
stand out as an erythroid 
representative with 
biomarker prospects based 
on its detectable expression 
and mild-moderate 
upregulation across multiple 
immune conditions. The 
patient cohort findings add 
further support for SPTB as a 
meaningful erythroid 
signature gene with 
relevance to immune activity. 

chronic obstructive 
pulmonary disease, HIV 
infection, juvenile 
dermatomyositis, and 
multiple sclerosis. 
• Metastatic melanoma and 
staphylococcus aureus 
infection show the most 
significant upregulation of 
this gene. 
• This gene might have a role 
in the immune response, 
given its modulation in 
various infections and 
immune-mediated 
conditions. 
PLVAP 
• This gene appears to be 
mostly downregulated in 
several conditions, especially 
HIV infection, B-cell 
deficiency, chronic 
obstructive pulmonary 
disease, acute influenza 
infection, juvenile 
dermatomyositis, Kawasaki 
disease, multiple sclerosis, 
active pulmonary 
tuberculosis, sepsis, systemic 
lupus erythematosus, 
systemic onset juvenile 
idiopathic arthritis, and 
staphylococcus aureus 
infection. 
• The notable exceptions are 
metastatic melanoma, 
pregnant subjects, and liver 
transplant recipients, where 
it is upregulated. 
• The downregulation in 
most inflammatory and 
infectious diseases suggests 
that PLVAP might have a 
protective role or be 
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suppressed as a disease 
mechanism. 
FLCN 
• This gene is predominantly 
upregulated in metastatic 
melanoma, pregnant 
subjects, and acute 
respiratory syncytial virus 
infection. 
• It is notably downregulated 
in HIV infection and active 
pulmonary tuberculosis. 
• Given the varied response 
across conditions, it suggests 
that FLCN might be involved 
in specific pathways that are 
triggered in some diseases 
and suppressed in others. 
CISD2 
• The data for CISD2 appears 
to be truncated, but from 
what is visible, there isn't a 
significant change in B-cell 
deficiency and chronic 
obstructive pulmonary 
disease. 
 
From these observations: 
1. HIV infection appears to 
have the most consistent 
effect on the downregulation 
of these genes, especially 
with RHD and PLVAP, which 
are significantly suppressed. 
2. Metastatic melanoma 
induces a strong 
upregulation in all genes, 
especially RHD and SPTB, 
suggesting that these genes 
might have roles in tumor 
progression or the body's 
response to the tumor. 
3. Diseases with autoimmune 
components like systemic 
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lupus erythematosus and 
systemic onset juvenile 
idiopathic arthritis seem to 
modulate these genes 
differently. While RHD and 
SPTB are upregulated, PLVAP 
is downregulated. 
4. It's interesting to note the 
change in pregnant subjects. 
Pregnancy is known to cause 
immune modulation, which 
might be reflected in the 
upregulation of RHD, SPTB, 
PLVAP, and FLCN. 
 
Considering these data 
alongside the immune cell-
specific expression data given 
previously, it's evident that 
these genes play a role in 
immune modulation and 
response. Depending on the 
condition or disease, these 
genes can be either 
upregulated or 
downregulated, which 
further underscores their 
potential importance in the 
immune response. 
Continued research is 
needed to delve deeper into 
the specific pathways and 
mechanisms through which 
these genes operate, 
especially in the context of 
these diseases. 

PROMPT 5: Could you please 
summarize the key 
conclusions you have drawn 
from the conversation so far? 

Here is a summary of the key 
conclusions so far in our 
conversation about selecting 
a candidate gene to include 
in a targeted transcriptional 
profiling panel: 
 
Initial Assessment 

Certainly! Here's a summary 
of our conversation: 
1. Research Objective: 
• You're working on 
understanding the role of 
certain genes, especially in 
relation to immune cell 
populations and their 
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- Based on the initial 
summary, SPTB was 
recommended as the top 
gene choice due to its 
erythroid-specificity, known 
functional role in erythrocyte 
biology, and biomarker 
potential. In comparison, 
other genes like RHD, PLVAP, 
FLCN and CISD2 had less 
direct erythroid evidence. 
 
Expression Data Evaluation  
- The RNA-seq and 
microarray expression data 
across immune cells and 
whole blood samples 
confirmed that SPTB had the 
most erythroid-restricted 
expression pattern compared 
to the other genes. Its 
expression was robustly 
detected. 
 
- RHD was also erythroid 
relevant but showed a 
broader expression profile 
extending to immune cells. 
Its expression in whole blood 
was lower and more variable 
than SPTB based on RNA-seq. 
 
Patient Cohort Profiles 
- Across multiple immune-
mediated diseases, SPTB 
showed mild-moderate 
upregulation in expression 
compared to controls. This 
supported its biomarker 
prospects. 
 
- In comparison, RHD was 
more variably up and down-
regulated across patient 

differential expression in 
various health conditions. 
• These genes are: RHD, SPTB, 
PLVAP, FLCN, and CISD2. 
 
2. Initial Data Analysis: 
• We began by examining the 
differential expression of 
these genes in various 
immune cell populations 
using RNAseq and microarray 
data. Key observations 
included: 
• RHD showed substantial 
variation in T cells, 
particularly CD8 T cells and 
memory resting CD4 T cells. 
• SPTB was majorly expressed 
in neutrophils. 
• PLVAP had substantial 
expression in dendritic cells. 
• FLCN showed significant 
expression in naïve CD4 T 
cells. 
• CISD2 showed variation 
mainly in memory activated 
CD4 T cells and monocytes. 
 
3. Disease-related Differential 
Expression: 
• You then provided a 
comprehensive list of log2 
fold changes for these genes 
across numerous health 
conditions as compared to 
controls. Some notable 
patterns are: 
• RHD: Substantial increased 
expression in conditions like 
metastatic melanoma, 
Kawasaki disease, active 
pulmonary tuberculosis, 
sepsis, and during pregnancy. 
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cohorts. The other genes 
showed minimal changes.  
 
Key Conclusions 
- Overall, the combined data 
at multiple levels solidifies 
SPTB as an optimal erythroid 
representative for inclusion 
in the panel based on its 
erythroid specificity, 
detectable expression, and 
upregulation in immune 
conditions.  
 
- SPTB consistently stood out 
as aligning closely with the 
criteria outlined compared to 
other genes. 
 

• SPTB: Elevated expression in 
metastatic melanoma, sepsis, 
and staphylococcus aureus 
infection. 
• PLVAP: Decreased 
expression in several 
conditions like B-cell 
deficiency, HIV, multiple 
sclerosis, sepsis, and others. 
However, an increase was 
noted in metastatic 
melanoma and during 
pregnancy. 
• FLCN: Elevated expression 
in metastatic melanoma, 
during pregnancy, and in 
respiratory syncytial virus 
infection. 
• CISD2: This gene showed 
variations across multiple 
conditions, but the provided 
data was cut off. 
 
4. Potential Implications: 
• RHD: Its variability across 
multiple immune cell types 
and significant upregulation 
in several conditions might 
suggest a broader role in 
immune responses. 
• SPTB: Its predominant 
expression in neutrophils and 
changes in conditions like 
sepsis and infections could 
link it to frontline immune 
responses. 
• PLVAP: Given its high 
expression in dendritic cells 
and downregulation in many 
conditions, it might be 
involved in antigen 
presentation or initial 
immune recognition. 
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• FLCN: Elevated expression 
in conditions like melanoma 
might hint at a role in tumor-
associated immune 
mechanisms. 
• CISD2: Its importance is yet 
to be discussed in detail. 
To move forward, I 
recommended: 
• Exploring functional studies 
or literature reviews for these 
genes to understand their 
role in immune mechanisms. 
• Conducting pathway 
analysis to see how these 
genes might interact in 
signaling cascades or cellular 
processes. 
• Considering network 
analysis to explore potential 
interacting proteins or genes 
that might provide more 
context to the observations. 
 
Given the discussion so far: 
 
• RHD: Showed substantial 
variation across T cell types 
and significant upregulation 
in conditions like metastatic 
melanoma, Kawasaki disease, 
active pulmonary 
tuberculosis, sepsis, and 
during pregnancy. Given its 
broad range of differential 
expression across conditions 
and cell types, it seems to be 
a strong candidate. 
 
• SPTB: Its major expression 
in neutrophils and 
upregulation in conditions 
like sepsis and infections 
makes it relevant, especially 
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for frontline immune 
responses. 
 
• PLVAP: Although it showed 
a high expression in dendritic 
cells, it exhibited decreased 
expression in many 
conditions. While this 
downregulation might be 
important to understand 
specific immune mechanisms, 
its role as a marker in a gene 
panel is unclear unless the 
panel is specifically designed 
to monitor suppression of 
certain immune pathways. 
 
• FLCN: Elevated expression 
in metastatic melanoma and 
during pregnancy could be of 
interest, especially if the 
panel aims to study tumor-
associated immune 
mechanisms or reproductive 
immunology. 
 
• CISD2: The data provided 
for this gene was cut off, so a 
comprehensive assessment 
was not made. However, 
given its differential 
expression in memory 
activated CD4 T cells and 
monocytes, further 
investigation is warranted. 
Conclusion: If you have to 
prioritize, RHD seems to be 
the most promising candidate 
given its differential 
expression across a variety of 
conditions and immune cell 
types. SPTB and FLCN are also 
intriguing based on their 
specific patterns of 
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expression in certain 
conditions and cell types. 
However, the final choice 
should be based on the 
specific objectives of the gene 
panel and the diseases or 
conditions you aim to target. 
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