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A commentary on

Theileria Parasites Secrete a Prolyl Isomerase to Maintain Host Leukocyte Transformation
by Marsolier ], Perichon M, DeBarry JD, Villoutreix BO, Chluba ], Lopez T, et al. Nature (2015)
520:378-82. doi: 10.1038/nature14044

The genus Theileria comprises apicomplexan parasites that are tick-transmitted and infect ruminants
with important trade and industry impact in endemic countries (1). Infectious agents build up
elaborate machinery to work together by means of host cell pathways and takeover their genetic and
epigenetic mechanisms to modify phenotypic status of host cells. Among the Apicomplexa phylum
encompassing obligate intracellular parasites, the only genus that introduces its DNA into mam-
malian host cells is Theileria, which is known to cause veterinary and human diseases (2). Various
species, including Theileria parva and Theileria annulata, infect leukocytes causing alterations in
their phenotypes that are common with several cancers, remarkably immortalization, hyperprolif-
eration, and spreading (1).

Pinl is a distinctive peptidyl prolyl isomerize (PPIase) that catalyzes the cis/trans isomerization
of peptidyl-prolyl peptide bonds of its substrate proteins by binding to their specific phosphoryl-
ated Ser/Thr-Pro (pSer/Thr-Pro) motifs. This modifies the conformation of target proteins and,
therefore, has an effect on their stability, intracellular localization, and/or biological roles. The
atypical overexpression of Pinl is observed in a number of malignancies, which is linked with
tumor cell proliferation, migration, and invasion (3). PIN1 is an enzyme with peptidyl-prolyl
isomerase activity that catalyzes the cis/trans isomerization of peptide bonds flanked by pro-
line and phosphorylated serine/threonine residues. By shifting the conformation of its protein
substrates, PIN1 amplifies the behavior of vital proteins that support cell cycle progression and
oncogenesis (4).

Marsolier et al. (2) became aware of Theileria Pin1 transcripts in B cells infected with T. annulata
or T. parva. Confocal microscopy and immunoblot analysis placed the parasite Pinl protein together
in the host cell cytoplasm and nucleus (2). These authors affirm that the pooled results illustrate that
Theileria produces a “bona fide” phosphorylation-dependent PPlase, which may well add to host
cell transformation (2).

In the report of Marsolier et al. (2), the authors also studied c-Jun pathway. These authors
showed that c-Jun is vital for Theileria transformation and host cell proliferation. In B lym-
phocytes infected in culture with T. annulata (TBL3 cells), c-Jun appears to be triggered by
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PPlase Activity Underlying Cancer-Associated Parasites

reduced ubiquitin ligase bovine protein FBW7 degradation
more willingly than phosphorylation by JNK signaling. Later,
establishment of a feedback loop, relating to c-Jun control of the
miR-155 oncomiR, might generate an epigenetic exchange to
sustain transformation and proliferation (2). This miR-155 may
have biomarker value and can be easily detected by biosensors
that our group already developed and detect its variation at
attomolar levels (5).

In fact, host cell proliferation is an important hallmark of
cancer (6). Our group has previously shown that cells treated with
Schistosoma haematobium extracts increase proliferation (7).

It has also been demonstrated that schistosomes possess
a PPlase activity (8). This protein might explain the increased
proliferation observed in the cells treated with Schistosomes
extracts (7). It will be as well appealing in the future to verify
whether PIN1 from schistosomes also show evidence of a similar
stimulating consequence of cell proliferation.

The other well-known cancer inducing parasite Opisthorchis
and Clonorchis have also been shown to exhibit PPIase activity.
Clonorchis sinensis adult in biliary ducts has been shown to release
C. sinensis cyclophilin A, a protein with PPIase activity, into the
liver and play a role in inflammation and biliary epithelium
proliferation and adenomatoid hyperplasia (9).
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Hutadilok et al. (10) have shown that a prolyl hydroxylase
activity was observed in hamsters infected with the human
liver fluke Opisthorchis viverrini. This activity accompanied an
increase in liver collagen that is associated with an increase in the
proliferation of fibroblasts (10).

In conclusion, infection with the eukaryotic protozoan
Theileria parasite causes diseases of medical or economic
importance like tropical theileriosis and East Coast Fever. This
apicomplexan is an obligate intracellular parasite of host lympho-
cytes. Amidst this group of parasites, Theileria is the only genus
known to transform their host cell. This parasite secretes a prolyl
isomerase that promotes transformation of host cells through
inhibiting c-JUN pathway. Given the striking similarities of how
Theileria induces transformation of their host lymphocytes and
tumorigenesis, these findings might have major implications for
infection-induced cancer and the mechanisms that underlie this
causality that might be common with other cancer-inducing
parasites.
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