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A major issue in the use of immune checkpoint inhibitors is their lack of efficacy in many
patients. Previous studies have reported that the T cell inflamed signature can help predict
the response to immunotherapy. Thus, many studies have investigated mechanisms of im-
munotherapy resistance by defining the tumor microenvironment based on T cell inflamed
and non-T cell inflamed subsets. Although methods of calculating T cell inflamed subsets
have been developed, valid screening tools for distinguishing T cell inflamed from non-T
cell inflamed subsets using gene expression data are still needed, since general researchers
who are unfamiliar with the details of the equations can experience difficulties using ex-
tant scoring formulas to conduct analyses. Thus, we introduce TcellinflamedDetector, an R
package for distinguishing T cell inflamed from non-T cell inflamed samples using cancer
gene expression data via bulk RNA sequencing.

Keywords: gene expression, immune checkpoint inhibitors, immunotherapy, prognosis,
RNA-seq, software

Availability: The R package TcelllnflamedDetector is available on the Comprehensive Archive
Network and on GitHub. It is distributed under the GNU General Public License. GitHub:
(https://github.com/sandukyang/Tcellinflamed/blob/main/TcellinflamedDetector.tar.gz).

Introduction

Cancer cells express programmed death ligand 1 as a signal related to T cell unresponsive-
ness. Inmunotherapies targeting immune checkpoints (e.g., anti-cytotoxic T lympho-
cyte associated antigen-4 and anti-programmed death-1 antibodies) are a standard com-
ponent of care for patients with advanced cancers. Immune checkpoint inhibitors (ICls)
have led to improvements in the survival rate, but only a subset of patients respond to
ICIs. Recent studies have reported that the efficacy of ICIs in cancer patients is deter-
mined by the T cell inflamed tumor microenvironment [1-3]. The molecular mecha-
nisms of resistance have not yet been elucidated in detail. Nevertheless, previous studies
have reported scoring methods for distinguishing non-T cell inflamed from T cell in-
flamed tumors based on gene expression data [4,5].

Unfortunately, general researchers who are unfamiliar with the detailed calculations in-

volved in the equations can experience difficulties using these scoring formulas to con-
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duct analyses. For this reason, we recently developed Tcel-
IInflamedDetector, an R package that predicts T cell inflamed tu-
mors when given RNA-sequencing expression data. This package
will be beneficial to optimize the selection of patients predicted to
benefit from ICIs. TcellInflamedDetector implements the equa-
tion developed by Spranger et al. [ 5] to differentiate non-T cell in-
flamed and T cell inflamed tumor subtypes.

Input Data and Processing

As shown in Fig. 1, TeelllnflamedDetector requires RNA-sequenc-
ing count input data with genes and sample identifiers. Users follow
the steps for data processing that are summarize in the Tcel-
lInflamedDetector manual on GitHub [6]. The input CSV file is
RNA sequencing log count per million (CPM) data. The count
matrix file is converted by EdgeR aveLogCPM() and the calc-
NormFactor function using the trimmed mean of the m-values
method. Users can extract previously established gene signatures
indicative of a T cell inflamed tumor microenvironment, which in-
clude the cytotoxic T lymphocyte (CTL) signature genes CD8A,
CD8B, GZMA, GZMB, and PRF]I using R code [7-10]. The estab-
lished gene signatures were referenced with the Gajewski T cell-in-

flamed signature, interferon-gamma related signature, T cell effec-

tor signature, and immune cytolytic activity signature [4,5].

Estimating T Cell Inflamed and Non-T Cell
Inflamed Samples

As shown in Fig. 2, gene expression values were converted to a
score §; = y; £ B, (i = 1,2, ... n), where p and o represent the
mean and standard deviation (SD) of the i gene’s expression
across all samples, n is the total number of genes, f8 represents the
distance between the i gene’s expression in a sample and the
mean in units of the SD (equivalent to a z-score). The threshold
for non-T cell inflamed and T cell inflamed tumors was f3, = 0.1.
The algorithm is described in detail below:

If the z-score value f; is greater than the threshold (8, = 0.1), then
+1is assigned. Otherwise, if the z-score value f3;is less than the thresh-
old (B, = 0.1), then -1 is assigned. If the sum of the column of genes
with assigned values is greater than half of the number of CTL genes,
then the output is a classification of “T cell inflamed.” If the sum of a
column of genes with assigned values is less than half of the num-
ber of CTL genes, then the classification is “non-T cell inflamed.”
Otherwise, the sample is classified as “intermediate.”

Users of the R package can obtain results in the format of a .csv

file that contains data on the classification of samples as T cell in-

@ Running_TcellinflamedDetectar.R =L
Source onSave | O A - *Run | % Source =
1
2 #Example usage (stepl): Read Input file
3
4 setwd("C:“\TcellinflamedDetectortest®’")
5 Inputfile<-read.csv("C:"\\TcellinflamedDetectortest'\inputfile_example. csv™)
6
7
Fig. 1. An exemplary code for extraction of T cell effector gene subset.
@] Running_TcellinflamedDetector.R =
Source onSave | O A - *Run | =% Source ~
b
7
8 #Example usage (step2): package download , finstall and usage example
9

10 Tdibrary(devtools)

11  install.packages("C: \\TcellinflamedDetector’ TcellInflamedDetector.tar.gz",repos=nNULL, type="source")

12 Tdibrary(TcellInflamedDetector)

ey

13 cTLfile<-read. csv("c:"\\TcellinflamedDetectortest \\CTL. csv")

14  TcellInflamedoetector (Inputfile,cTLTile)

Fig. 2. An exemplary usage of R code.
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inputfile
Tcell_NonTcell_Result
TCGA-LUAD_tumorenly_lcpm
id zscore_convert

Zscore_convert_sum

zscore_data

1. inputfile_example.csv

Gene TCGA.55.8 TCGA.67.3TCGA.55.ATCGA.91.7TCGA.91.6 TCGA.64.5TCGA.44.6 TCGA.97.7

CFTR 005403 -1.20456 -1.13967 -4.44618 -2.27126 -2.52144 -4.86207 -167477
ANKIBT 651718 494996 618047 664168 638745 63427 631946 681433 4. zcore_data.csv 6. zcore_convert_sum.csv
CD4 596501 7.08847 6.10646 7.41619 6.78177 593865 4.98257 7.55575 TCGA.55.8TCGA.67.3TCGA.55.ATCGA.91.7 TCGA.91.6 TCGA.64.5 TCGA.44.6 TCGA.97.7 x
FOXP3 290417 243267 06407 314439 173234 274077 031614 3.19255 3 -059858 052605 -045698 085411 021903 -0.62496 -158203 099381 TCGAS55.8 -15
LAG3 248181 301149 182035 218485 321037 447356 -204693  4.2026 4 057573 013967 -151764 07979 -050804 042462 -181782 084245 TCGA67.3 1
GZMB 559205 3.92147 1.62142 293575 3.18207 6.28345 0.06267 3.66204 5 -0.02569 0.34156 -0.47807 -0.23158 047946 1.35528 -3.16567 1.16742 TCGA55.4 -9
CD276 662809 630384 507056 640962 636357 676892 45052 571536 6 178164 073361 070931 011523 026975 221539 -168718 057086 TCGA91.7 27
NKG7 ~ 3.18814 370148 228579 3.12907 320335 542773 -0.17802 519729 7 010818 -03852 -226171 -022423 -0.29431 032245 -3.12195 -12806 TCGA91.6 -
ccLz 481318 502431 353844 587999 565618 570214 398263 542588 8 01975 055347 -042823 015654 020804 175052 -2.13674 159073 TCGA645 21
GZMK 101352 259892 283852 330294 264255 230782 0.16946 396793 > 9 -022519 -0.04886 -128986 066581 047888 051727 -091887 028653 »TCGAL4E 33
STATI  7.47708 91081 770275, 889072 771268 954904 7.58688 9.77054 10 -053411 050014 065645 095941 05286 031024 -108474 139322 TCGASTT 3
11 -099324 079377 -074508 055559 -0.7351 127687 -087293 151955 TceAsos 3
2. CTL.csv 12 -0.77097 -0.30304 -0.56259 -0.23892 -0.80878 023302 -0.13424 034589 LT %
13 02751 -047633 -119211 01609 -0.60003 182973 -129943 196695 TcoAZoA -
Gene 14 -0.16961 -0.1958 -102663 052179 -0.63497 039267 -1.52464 098721
GZMA 15 -0.9437 125507 026628 050076 -0.06629 073579 -10727 104579 TCGA 974 S
s TCGA83S 23
czve TCGA97.8 -33
PRF1
EOMES
IFNG l
TNF
oxas 7. Tcell_NonTcell_Result.csv
oxcLio 5. zcore_convert.csv . I -
CD8A TCGA.55.8TCGA 67.3TCGA55.ATCGA91.7TCGA 9.6 TCGA.64.5 TCGA 4.6 TCGAT.7 i
D4 3 4 1 4 B p 4 4 h TCGA 55.8Intermediate
FOXP3 4 1 1 1 1 - 1 1 1 TCGA.67.3Intermediate
5 R 1 1 R 1 1 1 1 TCGA.55.AIntermediate
3. CTL Selected Inputfile.csv 6 1 1 -1 1 1 1 -1 1 TCGA91.7Tcell infla.med
— - 7 1 -1 - -1 -1 1 - -1 TCGA91 6 Intermediate
Gene  TCGASSBTCGA673TCGASSATCGA9N.7TCGA91.6TCGA B4 S TCGA A4 6TCGAIT.T 8 1 1 El 1 1 1 El 1 TCGA64.5Tcell inflamed
3cp4 596501 7.08847 610646 741619 678177 593865 498257 7.55575 9 Kl R A 1 1 1 A 1 ;
4FOXP3 290417 243267 06407 314439 173234 274077 031614 319255 10 4 1 7 B ] ] I ] TCGA44.6Non Teell inflamed
51AG3 248181 301149 182935 218485 321037 447356 -204693 42026 " a 1 a 1 a 1 a 1 TCGA.97.7Tcell inflamed
6GZMB 550205 392147 162142 293575 318207 628345 006267 366204 12 a a a a a 1 a 1 TCGA.80.5Intermediate
7CD276 662809 630384 507056 640962 636357 676892 45052 571536 3 1 3 4 ; 1 1 Y ; TCGA.91.6Non Teell inflamed
8 NKG7 3.18814 3.70148 228579 3.12907 3.20335 542773 -0.17802 5.19729 14 A = - 1 A 1 A 1 TCGA.49.ANon Teell inflamed
9 CCL2 481318 502431 353844 587999 565618 570214 3.98263 5.42588 15 - 1 1 1 a 1 a 1 TCGA.97.Alntermediate
10GZMK 101352 259802 283852 330204 264255 230782 016946 396793 27
11STATI 747708 91081 770275 889072 7.71268 9.54904 7.58688 977054 TCGA.83.5Tcell inflamed
12CD274 227777 294613 257541 30377 222377 371177 3.18721 3.87299 TCGA.97.8Non Teell inflamed
13 IRF1 655977 589473 526124 64587 578525 7.93566 516626 80571 TCGA64.1 Intermediate
141001 417869 413279 267672 539039 336313 516411 180393 620606
15CXCLY 360154 809508 607432 655353 539467 7.03384 333792 7.66738
TCGA Gene38
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Fig. 3. (A) An input file and generated output files. (B) Processing diagram for T cell inflamed function prediction. (C) T cell inflamed
annotation of Heatmap expression in The Cancer Genome Atlas (TCGA) lung adenocarcinoma (LUAD) samples.
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flamed, non-T cell inflamed, and intermediate. If users want to
modify the CTL gene list when running the R package, they do
not have to modify the complex R code. Instead, they can simply
revise the gene list contained in the CTL.csv file.

Output

Five output formats are available: CTL_Selected Inputfile.csv,
Tcell NonTcell Result.csv, zscore convert.csv, Zscore convert
sum.csv, and zscore_data.csv. Fig. 3 presents examples of the predic-
tion results of T cell inflamed, intermediate, and non-T cell inflamed
groups. Users can check the expression patterns of specific genes
through a heatmap. We also confirmed that T cell inflamed samples
showed high expression of T cell effector gene signatures [10].

Finally, we conducted a test to demonstrate our tool’s flexibility;
we tested it on The Cancer Genome Atlas (TCGA) lung adenocar-
cinoma RNA-sequencing dataset available through the TCGA Re-
search Network [11]. Each sample was labeled according to the
TCGA barcode, which contained gene names. Our package suc-
cessfully selected subsets of gene expression data from the raw
count data. Thus, TcelllnflamedDetector can be beneficial for fu-

ture cancer immunotherapy vaccine developers and researchers.
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