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Abstract: CD4+ T helper cells are crucial parts of the adaptive immune system.
Among their subtypes, Th1 T helper cells are responsible for mediating
responses against bacterial, viral, and parasitic infections. RNA-Seq can be used
to quantify the relative gene expression in a cell under a certain state, under a
condition, and over time. This differential expression across samples helps
characterize cell differences, identify disease markers and other biomarkers, and
more. Machine learning classification algorithms can also be used to study these
differences. In training these classifiers, gene features are identified through
feature selection algorithms like LASSO and Random Forest. The difference in
these algorithms adjusts which gene features are selected as having high-
predicative capabilities, and there is often only minor overlap between these
algorithms and traditional differential expression analysis results in gene
selection. Raw data was gathered from GEO and relevant literature (total
samples: 59), and sent through quality-control, alignment, quantification, and
differential expression steps. LASSO and Random Forest feature selection
algorithms were used on a normalized gene expression counts matrix to train
three classification algorithms (Logistic Regression, Random Forest, and Support
Vector Machine) The top differentially expressed genes were saved in addition to
the top genes selected by LASSO and Random Forest.

Of the most statistically significant differentially expressed genes, CCR2 and
CXCR3 were found to be significantly upregulated. CD38, CFH, and PLXND1
were selected through LASSO feature selection. SMAD7, DMN1L, and MRPL44
were selected through Random Forest feature selection. All identified genes
were either of known importance in Th1 biology or have plausible connections to
the success of naive CD4+ differentiation processes. Of the trained models the
LASSO-selected Logistic Regression classifier had perfect 1.0 scores across all
evaluated metrics (training size n = 42 | test size n = 17). All other models
showed perfect or near-perfect scores with the second-best models being both
the LASSO-selected Support Vector Machine and Random Forest-selected
Random Forest with a mean test accuracy of 0.9278. The lowest scoring model
was Random Forest-selected Support Vector Machine with a mean test accuracy
and accuracy of 0.7059.
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