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Béckgrou nd

in our previous studies we found a significant association between loss of 4q12-g32 and
early tumor cell disseminalion and poor prognoesis. Further analyses identified HERCS as a
potential larget metastasis supgressor gene in this region. HERCS methyiation was
significantly associated with both positive disseminated tumor cell (DTC) stalus as well as
dismal prognosis. HERCS has so far not been studied in association with cancer. Therefore, |
the focus of this project is to investigate the functional role of HERCS in lung cancer
metastases and ifs prognostic relevance in the context of early lung cancer dissemination.

M.Sc. Svenja Schneegans started her PhD oroject funded by the Hamburger
Krebsgesellschaft e V. 1st of July 2017. Below a short report of the resulis obtamed durmg
the funding period from Hamburger Krebsgeselischaft. ,

1. Establishment of funcﬁenél cell line models.

The establishment of an HTB56 HERCS overexpression cei? fine had aiready been
previously completed in our lab. The HERCS mRNA overexpression in HTB58 O.E, cell line
was shown by RT-gPCR and western blot to be elevated up to appr. 250 fold. In addition o
that, an overexpression of HERCS in H1395 cell line was established to serve as a second
- O.E. model. Western blot results showed a strong overexpression and RT-gPCR results
showed an upregulation of appr. 280 fold. The cloning of the CRISPR—Cas® plasmid, which
should target the HERCS gene was successfully done and was used fo fransfect A549 ceils.

After FACS sorting and expanding the individual clones they were analyzed by sequencing
and western blot. Four of the clones were chosen 1o generate the A548 HERCS K.O. pocl

cell line. The A549 K.O. pool cell line was anaéyzed by western blot which confirmed the loss

of HERCS gam’tem

2, Testing of different antibodies

For the detection of HERCE protein different commerc:;a%iy available antibodies were fested.
_ Eventually, we were able to establish a protocol using Abnova Anti-HERCS (915-1024} pAb.
The amibedy, howe.ver is not working for immunochistochemistry (HC)..

3. Pmﬁf@ratign analysis

In order to analyze a possible differential behavior in profiferative capacity an MTT assay was
performed using HTB56 O.E./empty vector control, H1395 O.E./empty vector control and
AB49 K.O./parental cell lines. The proliferation was measured af day 0, 3 and 5 and the
growth curves were compared. No significant differences were observed for either of the cell

iines. The assay was alsc performed incubating the cells in conditioned media from either -

astrocytes or murine ostecblasts (MC3T3-E1) fo examine a possible influence of the brain or
bone microenvironment on the proliferative behavior, However, no significant differences in
profiferation were obsewed in any of the assays. ,

4. ,Aaﬁhoragewindependent growth

The ability of cells o grow under anchorage independent conditions was siudied by
performing a soft agar assay. 1000 celis were seeded and the amount of colonies excesding
a diameter of 100 um were counted 14 days after seeding. The HTBBS6 HERCS
overgxpression cell line grew significantly less colonies in comparison to the emptly vecior
controt cells (p=0.021; n=5, fig. 1A}, indicating 2 less aggressive phenotype, whereas the

AB49 K.O. cell lines did not show any significant differences. No colonles were formed in'soft

agar by the H1385 cell line, maks ag an analysis of differential growth impossible.



5. Céonogemc petentﬁai

_‘E"he colony formation assay can 1 be used to deiermme the ability of smg%e cel%s o grow infoa
coiony and therefore to undergo unlimited division. The assay was performed using standard
culture media for either HTB56, H1395 or A548. Furthermore, the cells were alsc grown in.
conditioned astrocyles or MC3T3-E1 media and their respaciive media to serve as a control.
The HTBS6 OF celis show a significantly lower clonogenic growth {p<0.0001, n=5, fig. 18).
The difference in clonogenic growth is, however, not increasad by the brain and bone
microenvironment. Neither the modified cell lines H1395 nor A48 showed any significant
differences in clonogenic potential. - : -

8. Mggra‘éery potentsaE

' The nfiuence of éffer@ﬂttaé HERCS expression on the msgra?ory capability was anaiyzeé in
both cell lines by seeding HTB58, H1395 and A549 cells in boyden chambers. The migration
assay was performed by seeding either asfrocytes or MC3T3-E1 cells at the bottom of the
wells or by simply using culture media coniaining. FCS while the cells in the boyden
chambers were FCS deprived. The amount of migrated cells was counted 18h after seeding.
The HTB56 OE cells have a significantiy lower migratory capability than the empty vector

_ contrel sells (p=0.012, n=5, fig. 1C) but astrocyles and pre-ostecbiasts do not influence

-~ migratory behavior. The A549 parental cells also have a significantly lower . migratory

capability than the K.O. cells (p=0.042, n=3, fig. 1D). The astrocyts or pre-osteoblast

environment does not result in significant. differences in migration. When using H1385 celis,
no migrated cells were found in the FCS controls. Therefore, migratory capacity could not be
assessed and was not performed using astrocytes or pre-csieobiasts.

7. Invasive potential

The invasive potential .can be a linked o the metastalic capacily of cells. To siudy this
- capacity, an invasion assay was performed using the overexpression and K.O. cell lines. Due
to the negative resuits of H1395 celis in the soft agar and migration assays, it was assumed
that this rather non-aggressive cell line is not suiteble for invasion assay. Both HTB56
O.E/empty vector control and AB4S K.O. !paremaf cell lines .did not show any significant .
differences in invasive psﬁenﬁza% . ‘

8. R&Aéeﬁ

To study potential alterations in downstream pathways resulting from HERCS expression
‘changes gehe expression was assessed by RNAseq. For this, total mRNA of the cell lines
HTB56 O.E/emply vecltor control were used in iriplicates. Results show a significant -
upragulation of HERCS (contrel), FGF7 and a significant downregulation of COL1247. Using -
DAVID database, functional annotation clustering was performed 10 look for enriched and -
functionally-related gene groups but no significant cluster enrichment was found. :

A possible explanation for the low amount of significantly regulated genes could be thaﬁ
HERCS, which acts as the main E3 ligase for ubiquitin-like modifier 1SG15 in the cell, might
.. be predominantly regulated on the protein level rather than the mRNA level and is descnbed

o be only ndused after viral infection or aclivation of the inflammasomes.



9. HERCS induction by cytokines

As HERCS serves as a regulator of the innale immune system &nd plays a role in viral
infections, it can be induced by cylokines such as interferons, To study whether this can be
conferred on the inflammatory microenvironment of lung cancer patients or on different lung
cancer cell lines, HERCS levels were assessed by RT-gPCR and weastern blotiing after
treatment with pro-inflammatory cytokines IFNy and TNFu. Both cyiokines led to an incuction
of HERCS in A549 cslis, howevsr, their combination ga\fe a mugch slrong. induction of HERCS
expression, but not in the corresponding K.O. cell line. Furthermore, [SG15 protein levels
were increased as well as the amcunt of ISGylated protsins in A349 parental celis, but harcly
in the HERCS K.O. cell line, indicating that- HERCS acts as the main ISG15 ligase aiso in
AB48 lung cancer cells. .

- 10, Summary and future"stu'dies*

The project has proceeded acccrdmg to the plans and functional assays showed that HERC%
is involved in fealures rendering the cells more aggressive. The bone and brain
mrcmeﬂv;mnmem does not seem to have a large influence on this behavior.

Ongoing studies include a SILAC-based amaiys;s of immuneé-precipitated prote ins aﬁer '
induction of inflaramation with [FNy and TNFo using I8(315 as bait. The AB49 parental and
K.O. ceil linss will be used to analyze proteins that have been targeted by HERCS hopefui
further slucidating its role in jung cancer progression. . _ ‘

Fw’?{hermor& a cell line modei of functionaily inactive HERCS is being estabﬁshec% by using
site-directed mulagenesis of the active site. By infroducing a C884A mutation and repeating
functional assays mentioned above, the role of the E3-ligase activity with- rega;’d o iis
metastatic potential will be further elucidated.

in the ?utuzfe we are planniég fo énaiyze the effect of iImmune ce[is' on the differential
‘expression of HERCS. Both overexpression and knock-oul cell fines will be Used in the
assays menat;onad hefore in the same way as the astrocytes or pre-ostecblasts were used.

 Firally, in vivo-studies will be performed to analyze if HERCﬁ depletion ieads_ tc & mors
aggressive phenotype. Writing allowances for animal experiments is already planned.
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Figure 1: A) Anchorage-independent growth of HTB56 emply vector {(EV) ahd HERGCS
overexpressing {OE) cells (p=0.021) B} Clonogenic potential of HTB56 EV and CE cells
{p<0.0001) G) Migratory potential of HTB58 EV and OE celis (p=0.012) D} Migratory potential
of AB48 HERCS knock-out (KO} and parental (par} cells {p=0.042}
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