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Understanding DNA methylation (DNAm) alterations in tu-
mors is important to develop novel therapeutic targets and
powerful biomarkers, and to gain insights into tumorigen-
esis processes. As many studies have highlighted the con-
founding effects of tumor purity in DNAm analyses,’ >
various tools have also been developed to tackle the
issue.”~* Among them, InfiniumPurify R package is a popu-
lar and widely cited tool,>>° consisting of a set of statis-
tical methods to estimate and account for tumor purity in
cancer DNAm analyses.

While many previous studies did not take into account
tumor purity in genomic analyses, a common practice to
alleviate biases introduced by tumor purity is including
estimated purity as a continuous covariate in regression
models in differential analyses. However, commonly used
tools for differential methylation (e.g., Probe Lasso) or
unsupervised clustering analysis (e.g., Consensu-
sClusterPlus) do not have the capacity to model covariate
variables. In addition, tumor purity might have multiplica-
tive rather than additive effects in differential expression/
methylation analyses.> Therefore, a genome-wide tumor
purity correction in DNAm could potentially overcome these
shortcomings. To this end, InfiniumPurify introduces a
function to correct for tumor purity for all CpG probes
based on linear regression.’

Intuitively, for differentially methylated CpG probes,
the uncorrected tumor beta values are expected to lie
between the normal and the purity corrected beta values.
This is because the contamination attenuates the differ-
ence between normal and “purified” tumor tissue samples.
More specifically, if the CpG probes are hypermethylated in
uncorrected tumors compared to normal, the difference
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between tumors and normal should be amplified after being
“purified”, i.e., the corrected beta values should be higher
than in uncorrected tumor. The same pattern is expected
for hypomethylated CpG probes in tumors, but in the
opposite direction. For CpG probes whose tumor beta
values do not differ to those in normal, tumor purity
correction is not expected to have substantial effects on
the beta values.

In Figure 1, Qin et al from InfiniumPurify,”> CpG probes
cg00340958 and cg02237119 displayed slightly higher beta
values in uncorrected tumors compared to normal. How-
ever, after purity correction with InfiniumPurify, the “pu-
rified” tumors have much lower beta values than
uncorrected tumors and normal. This observation is incon-
sistent with the aforementioned expected pattern of purity
correction in DNAm. We conjecture that this error occurred
due to the wrong purity correction model used in the
InfiniumPurify package.

In the InfiniumPurify function (https://rdrr.io/cran/
InfiniumPurify/src/R/InfiniumPurify.R), a linear regression
model was used to correct for tumor purity for each CpG
probe i in samples s of t tumors and n normal:
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where (yi1, -+, Vi) are the arcsine transformed uncorrec-

ted beta values for tumors, and (yj,,---,V;) are for
normal samples. Here, = represents the estimated
sample purity for tumor t, m is the regression coefficient,
c is the intercept, and ¢ is the residue of the regression
model.
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Comparing the effects of genome-wide tumor purity correction by the original InfiniumPurify and modified Infin-

iumPurfy functions on beta values of selected probes. The raw data was provided as an example from InfiniumPurify R package.
(A) Example of a probe that is hypermethylated in uncorrected tumors compared to normal. (B) Example of a probe that is
hypomethylated in tumors compared to normal. (C) Example of a probe that is not differentially methylated between uncorrected

tumors and normal. See Supplementary Code for more details.

The purity corrected arcsine transformed beta values Z;;
for tumor t was then calculated as. Zj; = ¢+ &;.

However, if we assume that normal samples are not
contaminated with tumor contents (i.e., m, = 0), equation
( *) should correspond to:
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After modification, we applied this to an example subset
of lung cancer adenocarcinoma data from The Cancer
Genome Atlas (TCGA) provided within InfiniumPurify R
package (Supplementary Code), we were able to obtain the
expected patterns of corrected beta values (Fig. 1; blue
box plots are modified version and purple box plots are
computed by InfiniumPurify). For hypermethylated
(Fig. 1A) and hypomethylated probes (Fig. 1B), Infin-
iumPurify correction could diminish the differential
methylation signal originally observed between uncorrec-
ted tumors and normal. For CpG probes that do not show
differential methylation between uncorrected tumors and
normal (Fig. 1C), InfiniumPurify correction could result in
these probes erroneously being identified as differentially
methylated.

In summary, we modify the code of InfiniumPurify R
package used to correct for purity in genome-wide DNAm
data. The revised function can be downloaded from the
Supplementary Code. Given that the package has been used

in many publications, we warn researchers the potential
consequences for downstream analyses. In addition, we
clarify the expected patterns of tumor purity correction’s
effects on DNAm beta values. We take this opportunity to
urge researchers in the field to take additional care when
accounting for tumor purity in their future analyses.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.gendis.2022.08.003.
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