
As of 2012, CTC measurements and the rele-
vant correlations have not yet been validated as
a tool for making clinical decisions (190). For
this reason, this author refrains from disclosing
studies that have shown correlations that are
merely promising.

e. Epigenetics

Current research is addressing the possible
utility of epigenetics tests for the diagnosis of,
for example, lung cancer (191), breast and
ovarian cancer (192), hepatocellular carcinoma
(193), and Alzheimer’s disease (194). To pro-
vide an example, the analysis of methylation
of about 40 genes has revealed that this meth-
ylation can be used as a biomarker for renal
cancer. Increases and decreases in methylation
of specific genes are both used to produce a
score.

In a study of multiple myeloma, the degree of
methylation of the NFKB1 gene was found to
be associated with response to treatment with
a particular drug, where lower levels of
NFKB1 methylation were associated with lon-
ger survival during chemotherapy (195).
Epigenetic markers have also been proposed

for use in autoimmune disease, such as
multiple sclerosis and rheumatoid arthritis
(196,197). In rheumatoid arthritis, loss of methyl-
ation (hypomethylation) has been observed in
specific genes in T cells and in synovial fibro-
blasts in patients with rheumatoid arthritis.
The methylation changes in T cells cause these
cells to be autoreactive, while the methylation
changes in synovial fibroblasts cause them to
be more susceptible to autoimmune attack. To
give an example of a specific gene, loss of meth-
ylation of the MMP13 gene causes increased
expression of this gene, leading to degradation
of type II collagen in cartilage (198).

VI. SINGLE NUCLEOTIDE
POLYMORPHISMS

a. Introduction

SNPs are variants in the genome occurring
naturally in the human population. SNPs is
often pronounced as “snips.” Each individual
inherits one allele copy from each parent, so
that the individual genotype at an SNP site is
AA, BB, or AB. The Human Genome Project,
the SNP Consortium, and other groups, have
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