Visualization of Kallikreins in Thyroid Epithelial and Carcinoma Cells
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Kallikreins (KLKs) are a family of hormonally regulated proteinases comprising 15 related enzymes that are expressed in many tissues and cell types. The aim of this study is to tsh(;hfoma::(; ?‘?:ilr;s; g:é)gzg Ith:re1 T,E'g;“f;:;"g:? o;;LKs‘\jA:jt;iczh ?er)e éy“‘?ﬁ‘,f‘i?, ?s ?r::eopxnszgrlner: :r:
gain insights into their localization in thyroid epithelial and carcinoma cells and trafficking upon thyroid stimulating hormone (TSH) treatment. Here, we focused on KLK2, whils 16 N-ofainal Dopan e (H0) DLAVErs fionialts pr oAl noibity of he Zymaden s el 6re
KLK3/PSA (prostate-specific antigen), and KLK7, and studied their trafficking in non-stimulated and TSH-treated thyroid epithelial and carcinoma cells. In addition, known to become activated upon secretion into the extracellular space.
synchronization studies were conducted to investigate de novo biosynthesis and transport pathways of KLKs during cell cycle progression.
TSH stimulation of Nthy-ori 3-1 cells triggers secretion of kallikreins like KLK2 and KLK3/PSA
Left panel: TSH receptor (TSHR) localization of non-stimulated and TSH-stimulated
Nthy-ori 3-1 cells was analyzed by indirect immunofluorescence, demonstrating the
expected presence of TSHR at the cell surface and its down-regulation at later time
intervals of stimulation.
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R KLK3 is secreted from Nthy-ori 3-1 cells upon 4h TSH stimulation.
Confocal laser scanning micrographs of PFA-fixed and Triton X-100 permeabilized Nthy-ori 3-1 cells in confluent
monolayers were immunolabeled with antibodies against KLK3/ PSA (green) and the ER-resident protein PDI(red).
Immunostaining revealed that no co-localization of KLK3 and PDI was detectable 4h after TSH stimulation, indicating
that KLK3/PSA followed the secretory pathway and was secreted from Nthy-ori 3-1 cells (circles).
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Synchronization in G1-phase and subsequent TSH stimulation results in up-regulated de novo biosynthesis of KLK3
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KLK3 is co-localized with the ConA-positive glyococalyx components of Nthy-ori 3-1 cells in resting conditions, and its KLK3 is co-localized with the ConA-positive glyococalyx components of Nthy-ori 3-1 cells in resting conditions, and its biosynthesis and transport along the
biosynthesis and transport along the secretory pathway is up-regulated upon TSH stimulation. secretory pathway is up-regulated upon TSH stimulation.
Nthy-ori 3-1 cells were incubated according to the scheme for synchronization in G1/G0-phase by serum-starvation, before the cultures Confocal laser scanning micrographs of Nthy-ori 3-1 cells immunolabeled with antibodies against KLK3/PSA (green), lectin staining with Concanavalin A (ConA, red), or
were shifted outofthe cell cycle arrestby furtherincubation in complete culture medium. TSH-stimulation was performed as indicated. immunostaining of the ER-resident chaperone protein disulfide isomerase (PDI), and counter-staining ofnuclear DNAwith Drag5 (blue).

Immunostaining revealed KLK3 in co-localization with ConA-positive glycocalyx components at the cell surface (PM) while also depicting the secreted protease in the
exftracellular space (secreted) upon short-term TSH-stimulation. At 4h of TSH-stimuation, KLK3/PSA was detected in the Golgi apparatus (Golgi, top panel).
Co-localization studies with the ER-resident PDI highlighted the trafficking of KLK3/PSA from the rER to the Golgi apparatus from where the protease was sorted into

secretory vesicles (bottom panel).
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Schematic representation of the observed localization of KLKs in thyroid epithelial anc carcinoma cells

In addition to their presence in compartments of the secretory and endocytic pathways, KLKs were
localized to the extracellular space and in the peri-cellular region in close proximity to the apical plasma
FTC-1 33 membrane of thyrocytes (yellow and blue symbols).

The presence of KLKs in extracellular compartments of thyroid tissue might indicate their secretion at the
apical pole of the thyroid epithelium (green arrow) for subsequent proteolytic procession of thyroglobulin
and thyroid hormone liberation from the precursor molecule, which was so far demonstrated for thyroid
cysteine cathepsins [Friedrichs et al., 2003; Jordans et al., 2009; Dauth et al., 2011].

Basolateral secretion of KLKs (red arrow) proposes that they might also be involved in ECM degration
thus contributing to cancer onset and progression. A novel function of KLKs is envisioned for specific
forms detectable within the nuclei of thyroid carcinoma cells (pink symbols) [Brix et al., 2015].

KLK2, KLK3/PSA, and KLK7 are differentially localized in papillary (PTC) and follicular thyroid carcinoma cells (FTC) with nuclear forms
prevalentin particularin FTC.

Confocal laser scanning micrographs of KTC-1and FTC-133 cells as indicated after immunolabeling with antibodie s against KLK2, KLK3/PSA, or KLK7

(green), and counter-staining of nuclear DNAwith Drag5 (blue). References:
Immunostaining demonstrated that KLK2 was detected in reficular and vesicular structures in the cytoplasm of KTC-1 and FTC-133 cells, while also Friedrichs, B., C. Tepel, Th. Reinheckel, J. Deussing, K. vonFigura, V.Herzog, Ch. Peters, P. Saftig, and K. Brix (2003). Thyroid functions of mouse cathepsins B, K, and L.
being detectable in nuclei of the thyroid carcinoma cell lines. KLK3 was absent from KTC-1 cells while it was distributed as KLK2 in FTC-133 cells. In J. Clin. Invest. 111, 1733-1745.
contrast, KLK7 was mainly localized to cytoplasmic compartments of the secretory pathway, and only occassionally detected in nuclei of the thyroid Jordans, S., S. Jenko-Kokal, N.M. Kdhl, S. Tedelind, W. Sendt, D. Brdmme, D. Turk, and K. Brix (2009). Monitoring compartment-specific substrate cleavage by
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The results indicated unexpected localization of KLKs in the FTC-133 and KTC-1 thyroid carcinoma cell lines, which requires further studies in order to Metab.9,94-106.
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