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ABSTRACT

FAM13C, a gene with unknown function is included in several mRNA signatures
for prostate cancer aggressiveness. To understand the impact of FAM13C on prognosis
and its relationship to molecularly defined subsets, we analyzed FAM13C expression
by immunohistochemistry on a tissue microarray containing 12,400 prostate cancer
specimens. Results were compared to phenotype, ERG status, genomic deletions of 3p,
5q, 6q and PTEN, and biochemical recurrence. FAM13C was detectable in cell nuclei
of cancerous and non-neoplastic prostate cells. 67.5% of 9,633 interpretable cancers
showed FAM13C expression: strong in 28.3%, moderate in 24.6% and weakin 14.6%.
Strong FAM13C expression was linked to advanced pT stage, high Gleason grade,
positive lymph node status, and early biochemical recurrence (p < 0.0001 each).
FAM13C expression was associated with TMPRSS2:ERG fusions. It was presentin 85%
of ERG positive but in only 54% of ERG negative cancers (p < 0.0001), and in 91.1%
of PTEN deleted but in only 69.2% of PTEN non-deleted cancers (p < 0.0001). The
prognostic role of FAM13C expression was independent of classical and quantitative
Gleason grade, pT stage, pN stage, surgical margin status and preoperative PSA. In
conclusion, the results of our study demonstrate that expression of FAM13C is an
independent prognostic marker in prostate cancer. Finding FAM13C also in non-
neoplastic prostate tissues highlights the importance of properly selecting cancer-rich
areas for RNA-based FAM13C expression analysis.

INTRODUCTION data are statistically powerful, they are often insufficient
for optimal individual treatment decisions. It is hoped that
a better understanding of disease biology will eventually
lead to the identification of clinically applicable molecular

Prostate cancer is the most prevalent cancer in men
in Western society [1]. Although the majority of prostate

cancers behave in an indolent manner, a small subset is
highly aggressive and requires extensive treatment [2, 3].
Established preoperative prognostic parameters are limited
to Gleason grade and tumor extent in biopsies, prostate-
specific antigen (PSA), and clinical stage. Although these

markers that enable a more reliable prediction of prostate
cancer aggressiveness.

FAMI13C (Family with sequence similarity 13,
Member C) is one of currently 857 known members of the
FAM protein family. The function and the cellular




localization of FAM13C-and most other FAMs-is largely
unknown. Based on sequence analyses indicating the
presence of a Rho GTPase-activating protein domain in
exons 2—5, FAM13-proteins may be involved inintracellular
signal transduction pathways relevant for cancer [4].

In prostate cancer, FAM13C has gained interest
because it is—despite of its unknown function-part of several
RNA expression signatures for estimating prostate cancer
aggressiveness [5, 6], one of which has become
commercially available [6]. The recent availability of a
FAMI13C specific antibody facilitates large-scale in-situ
analysis in order to clarify whether also FAM13C protein
expression can serve as a prognostic marker in prostate
cancer. Such studies aiming in a systematic analysis of the
prognostic value of FAMI13C protein expression or its
association to cancer phenotype and other molecular features
of the disease are lacking. We took advantage of our large
prostate cancer prognosis tissue microarray to study
FAM13C expression in more than 12,000 individual prostate
cancers with pathological and clinical follow-up information.

RESULTS

Technical issues

A total of 9,633 (77.5%) of tumor samples were
interpretable in our TMA analysis. Reason for non-
informative cases (2,794 spots; 22.5%) included lack of
tissue samples or absence of unequivocal cancer tissue in
the TMA spot.
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Prognostic impact of classical parameters

For all patients for which FAM13C immunostaining
was interpretable and follow-up data were available, the
prognostic role with respect to PSA recurrence is depicted
in Figure 1 for pT category (Figure 1.1), pN category
(Figure 1.2), classical Gleason grading (Figure 1.3) and
quantitative Gleason grading (Figure 1.4). These findings
indirectly validate our morphological and clinical data.

FAM13C immunohistochemistry

FAM13C immunostaining was localized in the
nuclei of prostate epithelial cells and usually also in
stroma cells as well as lymphocytes. Staining was
typically stronger in cancer cells as compared to the weak
to moderate immunostaining found in basal and luminal
cells of normal appearing prostate epithelium. In cancer
cells, positive FAMI13C immunostaining was seen in
67.5% of our 9,633 interpretable tissues and was
considered weak in 14.6%, moderate in 24.6% and strong
in 28.3% of tumors. Representative images of FAM13C
immunostainings are shown in Figure 2. Presence of
intensive FAM13C immunostaining was strongly linked to
advanced pT stage, high Gleason grade, positive lymph
nodes, high preoperative serum PSA, and positive surgical
margin status (p < 0.0001 each; Table 1). Comparison
with quantitative Gleason grades revealed a continuous
increase of FAMI3C staining with the percentage of
Gleason 4 and presence of a tertiary Gleason 5 grade
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Figure 1: Prognosticimpactof (1) tumorstage (pT), (2) lymph node stage (pN), (3) classical Gleason grading and (4) quantitative

Gleason grading.




Table 1: Association between FAM13C immunostaining results and prostate cancer phenotype

FAMI3C (%)

n
Parameter evaluable negative weak moderate strong VaIl)ue

All cancers 9,633 32.5 14.6 24.6 28.3

Tumor stage

pT2 6,145 37.5 14.6 23.7 24.2

pT3a 2,194 25.7 15.3 25.4 33.6 < 0-0001

pT3b-4 1,257 20.3 13.1 27.7 38.9

Gleason grade

<3+3 2,125 422 12.1 23.2 22.5

3+4 5,474 33.7 15.6 24.6 26.0 < 0.0001

4+3 1,520 19.3 14.1 27.0 39.5

>4+4 468 17.9 14.7 23.1 442

Lymph node

metastasis

NO 5,542 311 15.6 24.6 28.7 < 0.0001

N+ 575 19.1 12.3 26.3 423

Preop. PSA level

(ng/ml)

<4 1,172 28.1 14.0 24 .4 335

4-10 5,727 335 14.5 24.8 272 0.001

10-20 1,948 333 14.9 243 27.6

>20 683 30.0 14.9 23.6 31.5

Surgical margin

negative 7,617 33.7 14.6 24 .4 27.2 <0.0001

positive 1,836 27.9 14.3 253 32.5

(p < 0,0001; Figure 3). To further extend our data on the
relationship between FAM13C expression and different
stages of benign and neoplastic prostate lesions, we
analyzed a small “prostate cancer progression” TMA. This
analysis revealed a continuous increase of the fraction of
lesions with strong FAM13C expression from BPH (1.4%)
to PIN (4.8%), high grade Gleason cancers (4.9%), nodal
metastasis (26.3%) to hormone refractory cancers (37.5%).
The overall higher fraction of cases with strong FAM13C
expression in this TMA as compared to the large TMA is
due to the fact that these TMAs were analyzed at different
days using different batches of the FAM13C antibody.

Association with TMPRSS2:ERG fusion status
and ERG protein expression

To evaluate whether FAM13C staining is associated
with ERG status in prostate cancers, we compared the
FAMI13C results with data from previous studies on our
TMA (expanded from [7, 8]). Data on TMPRSS2:ERG
fusion status obtained by FISH were available from

7,099 patients and by immunohistochemistry from 10,678
patients. Data on both ERG FISH and IHC were available
from 6,778 cancers, and an identical result (ERG THC
positive and break by FISH) was found in 6,463 of 6,778
(95.4%) cancers. FAMI3C expression was massively
linked to the presence of ERG expression and
rearrangement. FAM13C expression was found in 85.4%
of cancers with immunohistochemical ERG expression
and in 87.6% of tumors with ERG rearrangement by FISH,
but in only 53.6% (IHC) and 61% (FISH) ERG negative
cancers (p < 0.0001 each, Figure 4). FAMI3C
immunostaining was similarly linked to unfavorable
tumor features in subsets of both ERG negative and ERG
positive cancers (Supplementary Tables 1 and 2).

Associations with other key genomic alterations
of prostate cancer

Earlier studies had provided evidence for distinct
molecular subgroups of prostate cancers defined by
TMPRSS2:ERG fusions and several genomic deletions.




Others and us had previously described a strong link
between PTEN and 3p13 deletions and ERG positivity as
well as between 5g21 and 6ql5 deletions and ERG
negativity [9-16]. To study whether FAM13C expression
might be particularly linked to a cancer subtype defined
by one of these genomic deletions, FAM13C data were
compared to preexisting findings on 10q23 (PTEN), 3p13
(FOXP1), 6q15 (MAP3K7) and 5q21 (CHDI)
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deletions (Figure 5.1-5.3). Strong FAMI13C expression
was significantly linked to deletions of PTEN and 3pl3
(FOXP1I) if all cancers were jointly analyzed (p < 0.0001
each). A separate analysis of ERG negative and ERG
positive cancers, however, revealed that in both subgroups
strong associations were limited to FAM13C and deletions
of PTEN (p <0.0001). In ERG negative cancers, FAM13C
expression was also linked to deletions of 5q and 6q

2)

Figure 2: Representative pictures of FAM13C immunostaining in prostate cancer (100x). (1) negative, (2) weak
(3) moderate (4) strong staining. The insetin 1) shows a magnification of FAM13C-negative cancer cells (arrowhead) and FAM13C-

positive stroma cells (400x%).
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Figure 3: Association between FAM13C expression and the quantitative Gleasonscore (p<0.0001)in 9,183 prostate

cancers.




(p» <0.0001 each), although to a lesser extent as compared
to PTEN deletions.

Association with tumor cell proliferation
(Ki67LI)

High levels of FAM13C staining were significantly
linked to increased tumor cell proliferation (p < 0.0001).
This association held also true with high significance (p
< 0.0001) in most subgroups of cancers with identical
Gleason grade (<3 +3;3 +4; 4 + 3, >4+ 4;), and was
independent of the ERG status (p < 0.0001), or presence
of PTEN deletions (p = 0.0002) (Table 2).

Associations with PSA recurrence

Follow-up data were available from 8,675 patients
with interpretable FAM13C immunohistochemistry results
on the TMA. There was a significant association between
strong FAM13C staining and early PSA recurrence if all
tumors were jointly analyzed (p < 0.0001; 6.1), and also
if the subgroups of ERG negative (p < 0.0001; Figure 6.2)
and ERG positive (p < 0.0001; Figure 6.3) cancers were
analyzed separately. FAM13C did not provide additional
prognostic impact if the cancers were grouped according
to the classical Gleason score (Figure 7.1). Despite a
strong tendency towards a worse outcome in tumors with
a high FAM13C expression in several subgroups defined
by comparable quantitative Gleason grades, statistically
significant differences were also not seen in these
subgroups (Figures 7.2—7.10). Because of the strong link
between FAMI3C expression and PTEN deletion, the
analyses was extended to tumor subgroups stratified
according to the FAM13C/PTEN status. These analyses
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ERG-IHC p<0.0001

revealed that the prognostic impact of FAM13C expression
was strong in cancers lacking PTEN deletions (p < 0.0001
Figure 6.4), and was still statistically significant in the
smaller subgroup of tumors harboring PTEN deletions (p
=0.0212, Figure 6.5).

Multivariate analysis

Four multivariate analyses were performed
evaluating the clinical relevance of FAM13C expression in
different scenarios (Table 3). No 1 was utilizing all
postoperatively ~ available  parameters  including
pathological tumor stage, pathological lymph node status
(pN), surgical margin status, preoperative PSA value and
pathological Gleason grade (classical and quantitative)
obtained after the morphological evaluation of the entire
resected prostate. Scenario 2 was utilizing all
postoperatively available parameters with exception of
nodal status. The rational for this approach was that the
indication and extent of lymph node dissection is not
standardized in the surgical therapy of prostate cancer and
that excluding pN in multivariate analysis can markedly
increase case numbers. Two additional scenarios had the
purpose to model the preoperative situation. Scenario 3
included FAM13C expression, preoperative PSA, clinical
tumor stage (cT stage) and Gleason grade obtained on
the prostatectomy specimen. Since postoperative
determination of a tumors Gleason grade is “better” than
the preoperatively determined Gleason grade (subjected to
sampling errors and consequently under-grading in more
than one third of cases [17]), another multivariate analysis
was added. In scenario 4, the preoperative Gleason grade
obtained on the original biopsy was combined with
preoperative PSA, cT stage and FAM13C expression.

®strong
@moderate

Oweak

ERG BA (n=2624)
ERG-FISH p<0.0001

Figure 4: Associations between positive FAM13C immunostaining and ERG status (IHC/FISH).
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Table 2: Association between FAM13C expression and Kié7-labeling index in all prostate cancers
and subsets defined by Gleason score, ERG fusion, and PTENdeletion status

FAM13CIHC n Ki67Li(mean) Std.deviation

negative 1,991 2.1 0.06
all weak 837 2.8 0.09
p < 0.0001 moderate 1,368 2.9 0.07
strong 1,615 3.6 0.07
Gl negative 549 1.7 0.09
SPO weak 158 25 0.16
;7< 0.0001 moderate 288 2.5 0.12
strong 298 2.7 0.12
negative 1,182 2.1 0.07
pfiejson weak 520 2.8 0.10
» < 0.0001 moderate 801 2.9 0.08
strong 887 3.4 0.08
negative 198 2.7 0.25

pGleason
4+3 weak 121 2.9 0.32
p < 0.0001 moderate 219 3.6 0.24
strong 311 4.2 0.20
negative 53 34 0.60
Eﬁl‘f‘f‘on weak 34 3.6 0.75
[; —0.0143 moderate 52 4.4 0.61
strong 109 5.5 0.42
negative 955 2.5 0.09
PTEN normal weak 453 3.0 0.13
p < 0.0001 moderate 711 3.1 0.10
strong 902 3.6 0.09
negative 69 2.9 0.35
PTEN deleted weak 76 33 0.34
p =0.0002 moderate 187 3.3 0.21
strong 328 4.2 0.16
negative 1,537 1.9 0.07
ERG negative weak 464 3.0 0.13
p < 0.0001 moderate 589 3.2 0.11
strong 531 3.9 0.12
negative 424 2.5 0.12
ERG positive weak 357 2.6 0.13
p < 0.0001 moderate 747 2.8 0.09
strong 1,060 34 0.08

All these classical scenarios suggest a strong evidence of DISCUSSION

FAMI13C expression levels to represent an independent
predictor of prognosis (Table 3). For scenario 1-3
additional multivariate analyses were performed in which
the classical Gleason grade was replaced by quantitative
Gleason grade representation. Here again, FAMI13C
expression was an independent predictor of prognosis,
even though with somewhat weaker p-values (Table 3; p-
values in brackets).

The results of our study show that FAMI13C
overexpression is a strong predictor of poor clinical
outcome in prostate cancer, and that its prognostic impact
is independent of established pathological and clinical
parameters.

Although data on FAM13C expression have never
been published in prostate cancer, the gene is a component




Table 3: Multivariate analysis including FAM13C expression status

p -value

Scenario n analyzable preop. ) Gleason

PSA- pT Stage cT Stage Gleason-grade grade N-Stage  R-Status FAM13,C i

Level prostatectomy biopsy Expression
1 5,354 <0.0001 < 0.0001 - <0.0001 - <0.0001 0.002 0.0275
2 8,469 <0.0001 < 0.0001 - <0.0001 - - <0.0001 0.0023
3 8,350 < 0.0001 - <0.0001 <0.0001 - - - < 0.0001
4 8,239 < 0.0001 - < 0.0001 - < 0.0001 - - < 0.0001

p values in brackets indicate that the quantitative Gleason was used instead of the classical Gleason for multivariate modeling.
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Figure 5: Associations between positive FAM13C immunostaining and PTEN, 5q21 (CHD1), 6q15 (MAP3K7), 3p13 (FOXP1)—deletion
status in (1) all cancers, in (2) ERG fusion negative cancers and (3) ERG fusion positive cancer.




as compared to their corresponding normal tissues [18].
The strong association of high FAM13C expression with
adverse tumor features, including advanced stage, high
Gleason grade, nodal status and PSA recurrence argues for
a practical relevance of FAMI3C measurement for

of an expression signature, which is currently proposed for
routine application as a commercially available prognostic
test in prostate cancer [6]. Our immunohistochemical
study on 9,633 prostate cancers strongly supports
a relevant role of FAMI3C in this disease. Nuclear !
FAMI3C staining was found at different levels in about prognosis assessment.

two thirds of the cancers analyzed in our study, including The prognostic impact of FAMI3C expression was
moderate to strong expression in about 50% of tumors. independent of established prognostic features, both in
Given that FAMI13C staining was regularly found to be preoperative and in postoperative scenarios. This
weak to moderate in normal prostate epithelium, these highlights ~ the potential applicability of FAMI3C
findings suggest that FAM13C becomes up regulated measurement — either alone or in combination with other
during tumor development and/or progression in a relevant factors — for a better assessment of prostate cancer
fraction of prostate tumors. This was also supported by our aggressiveness in clinical practice. However, given the
findings that strong FAM13C expression continuously ubiquitous nature of FAM13C expression, such a potential
increased from benign prostate lesions (BPH and PIN) to routine test will require a diagnostic threshold for
high Gleason grade cancers, lymph node metastasis and FAMI3C overexpression that needs to be defined. The
hormone refractory cancers. Data from other cancer types Gleason Grade is the strongest established prognostic
seem to suggest that FAM13C upregulation can occur in parameter in prostate cancer. Based on the large cohort of
malignant tumors. FAMI3C upregulation has been prostate cancers available at our institution, we had earlier
described in gliomas, liver cancers, and lymphomas shown, that Gleason Grade information can also
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be used as a continuous rather than a categorical variable. percentage of unfavorable Gleason pattern found in a
Both in biopsies and in prostatectomy samples, prostate cancer (quantitative Gleason Grade) [19]. That FAMI3C
cancer prognosis continuously deteriorates with increasing expression continuously increases with the percentage of
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Figure 7: Prognosticimpact of FAM13Cexpressioninsubsets of cancers defined by the Gleasonscore. (1)Impactofnegative
(redline)and strongly positive (blue line) FAM13C expression as compared to the classical Gleason score categories (indicated by black dotted lines). 2-10)
Impact of negative (blue line) and strongly positive (red line) FAM13C expression as compared to the quantitative Gleason score categories (black dotted
line) defined by subsets of cancers with 1) < 5% Gleason 4 patterns, (2) 6—10% Gleason 4 patterns,

(3) 11-20% Gleason 4 patterns, (4) 21-30% Gleason 4 patterns, (5) 31-49% Gleason 4 patterns, (6) 50-60% Gleason 4 patterns, and

(7) 61-100% Gleason 4 patterns. (9—10) Impact of negative (red line) and strongly positive (blue line) FAM13C expression in cancers with a tertiary Gleason
5 pattern, including 9) 3 + 4 tertiary grade 5 and 10) 4 + 3 tertiary grade 5.
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Gleason 4 fractions in our patients further emphasizes the
strong link of FAM13C expression with prostate cancer
aggressiveness. The lack of an unequivocal prognostic
impact of FAM13C expression in subgroups defined by a
comparable quantitative Gleason grade also demonstrates
how difficult it is — even for very good biomarkers — to
surpass morphological parameters of malignancy.

In earlier studies, using the same large prostate cancer
cohort we had described other very strong and often
independent prognostic features such as for example B3-
tubulin [20], CD57 [21], DAXX [22], HOXB13 [23],
KPNA2[24],RBM3[25],mTOR[26],p62[27],and TYMS
[28], that might also be worth testing in multiparametric
prognostic kits. It is noteworthy, however, that FAM13C as
well as many other prognostic features such as HOXB13
[23], CD147 [29], FOXP2 [30], CD151 [31], c-MET
[32] or p27 [33] are not only expressed in cancer cells but
also in normal prostatic epithelium as well as in basal
(FOXP2, c-MET), inflammatory(CD117,FOXP3) [34, 35],
endothelial (CD151), neuronal (33-tubulin) [20], or stromal
cells (FAM13C). It is currently unknown to what extent this
obvious expression in non neoplastic cells limits the
applicability of RNAbased prognosis testing, as is currently
proposed by commercial vendors [6, 36, 37].

In this study, we analyzed a protein with largely
unknown function. The immunohistochemical analysis
revealed that the FAM13C protein is localized in the cell
nucleus, which would be compatible with a role in DNA
synthesis and repair, expression control, chromatin
remodeling, or maintenance of nuclear architecture. That
FAMI13C expression was also found in cancer cells and
also-typically at lower levels-in non-neoplastic tissues
including luminal, basal and stroma cells further argues
for a general metabolic function. The extensive molecular
database attached to our tumors enabled us to draw some
further “in silico” conclusions on potential FAMI13C
functions. The marked association of FAM13C expression
and cell proliferation found in our study might for example
support a role of FAM13C in growth regulation or cell
homeostasis. A role in regulating cell proliferation has
also been suggested for other FAMs. FAM83B was shown
to trigger cell growths by activating EGFR/RAS/MAPK
signaling in human mammary epithelial (HME1) cells [38,
39] and FAMS83D enhanced cell proliferation in MCF10A
breast cells [38, 40], while FAM176A induced growth
arrest in H1299 non-small cell lung cancer cells [41] and
FAM43B suppressed cell proliferation in HCC cell lines
[42]. Given that all FAM members show a high degree of
sequence homology, it might be possible that they share
functional patterns.

The comparison of FAM13C with established
molecular features in prostate cancer demonstrated that
increased FAMI3C expression is strongly associated
with the subset of tumors harboring the TMPRSS2:ERG
gene fusion. More than half of all prostate cancers carry
this gene fusion which links the androgen-regulated
TMPRSS?2 gene with the transcription factor ERG [8, 43]

resulting in an androgen-dependent overexpression of the
ERG transcription factor [44]. The strong link between
FAMI13C and ERG expression fits well to earlier work
suggesting that FAM13C is a target gene of AR and ERG,
given that the FAM13C promoter carries both binding sites
for AR and ERG in close proximity [45]. Similar
associations with ERG have also been found for other
FAM members, including FAM77C [46] and FAM13A
[14] that are up regulated in the presence of ERG, or for
FAMI111B [47], FAM3B and FAMI24B [14] that are
down-regulated in ERG positive cancers.

Our “in silico” functional analysis further identified
a striking association of FAM13C positivity with multiple
chromosomal deletions, particularly in ERG negative
cancers. That these associations were markedly reduced in
ERG positive cancers may be explained by the fact that
the markedly higher FAM13C expression levels in ERG
positive than in ERG negative cancers makes it more
difficult to see further differences in expression under the
selected experimental conditions. This was most
obviously the case for PTEN but also seen for 5q and 6q.
That FAMI13C up regulation is linked to a higher
prevalence of all these deletions suggests a possible
impact of FAM13C on mechanisms regulating genomic
integrity. In addition, the particularly strong and ERG-
independent association with PTEN deletions argues for
a functional interaction between both genes. PTEN is a
multifunctional lipid phosphatase that negatively
regulates the phosphatidylinositol (PI)-3 kinase/AKT
growth pathway [48] but is also involved in DNA repair
[49]. It is, thus, tempting to speculate, that FAM13C might
interact with PTEN deletion both in growth regulation and
maintenance of genome stability. A joint role in growth
control is supported by our observation that FAM13C
overexpression was linked to increased cell proliferation
even in PTEN deleted cancers. We have previously found
similar associations between PTEN deletion and other
proteins that are known to functionally interfere with
PTEN signaling, including p53 [50] and mTOR [26], in
our TMA. However, functional analyses are required to
elucidate the role of FAM13C in PTEN deleted cancers.

In summary, the results of our study show that
overexpression of FAMI13C — a gene of largely unknown
function-is a strong and independent prognostic feature in
prostate cancer. Comparison with a plethora of molecular
data available from our patient cohort suggests AR
dependency of FAM13C and possible roles in controlling
cell cycle and genetic integrity.

MATERIALS AND METHODS

Patients

Radical prostatectomy specimens were available
from 12,427 patients, undergoing surgery between 1992 and
2012 at the Department of Urology and the Martini Clinic
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Table 4: Composition of the prognosis tissue microarray containing 12,427 prostate cancer

specimens

No. of patients (%)

Study cohort on TMA

Biochemical relapse among categories

Follow-up (mo)

(n = 12,427)

n 11,665 (93.9%)
Mean 48.9
Median 36.4

Age (y)

<50 334 (2.7%)
51-59 3,061 (24.8%)
60-69 7,188 (58.2%)
>70 1,761 (14.3%)
Pretreatment PSA (ng/ml)

<4 1,585 (12.9%)
4-10 7,480 (60.9%)
1020 2,412 (19.6%)
> 20 812 (6.6%)
pT stage (AJCC 2002)

pT2 8,187 (66.2%)
pT3a 2,660 (21.5%)
pT3b 1,465 (11.8%)
pT4 63 (0.5%)
Gleason grade

<3+3 2,983 (24.1%)
3+4 6,945 (56.2%)
4+3 1,848 (15%)
>4+4 584 (4.7%)
pN stage

pNO 6,970 (91%)
pN+ 693 (9%)

Surgical margin
Negative
Positive

9,990 (81.9%)
2,211 (18.1%)

2,769 (23.7%)

81 (24.3%)
705 (23%)
1,610 (22.4%)
370 (21%)

242 (15.3%)
1,355 (18.1%)
737 (30.6%)
397 (48.9%)

1,095 (13.4%)

817 (30.7%)

796 (54.3%)
51 (81%)

368 (12.3%)
1,289 (18.6%)
788 (42.6%)
311 (53.3%)

1,636 (23.5%)
393 (56.7%)

1,848 (18.5%)
853 (38.6%)

at the University Medical Center Hamburg-Eppendorf.
Histo-pathological data was retrieved from the patient files,
including tumor stage, Gleason grade, nodal stage and
stage of the resection margin. In addition to the classical
Gleason categories, “quantitative” Gleason grading was
performed as described before [19]. In brief, for every
prostatectomy specimen, the percentages of Gleason 3, 4,
and 5 patterns were estimated in cancerous tissues during
the regular process of Gleason grading. Gleason 3 + 4 and
4 + 3 cancers were subdivided according to their
percentage of Gleason 4. For practical use, we subdivided

the 3 + 4 and 4 + 3 cancers in 8 subgroups: 3 +4 <5%
Gleason 4, 3 +4 6-10%, 3 +4 11-20%, 3 +4 21-30%, 3 + 4
31-49%, 4 + 3 50-60%, 4 + 3 61-80% and 4 + 3 > 80%
Gleason 4. In addition, separate groups were defined by
the presence of a tertiary Gleason 5 pattern, including 3
+4 Tert.5 and 4 + 3 Tert. 5. Follow-up data were available
for a total of 12,344 patients with a median follow-up of
36 months (range: 1 to 241 months; Table 4). Prostate
specific antigen (PSA) values were measured following
surgery and PSA recurrence was defined as a
postoperative PSA of 0.2 ng/ml and increasing at first
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of appearance. All prostate specimens were analyzed
according to a standard procedure, including a complete
embedding of the entire prostate for histological analysis
[51]. The TMA manufacturing process was described
earlier in detail [52]. In short, one 0.6mm core was taken
from a representative tissue block from each patient. The
tissues were distributed among 27 TMA blocks, each
containing 144 to 522 tumor samples. For internal
controls, each TMA block also contained various control
tissues, including normal prostate tissue. The molecular
database attached to this TMA contained results on ERG
expression in 10,678 [8] und Minner, ERG break apart
FISH analysis in 7,099 (expanded from [53] and deletion
status of 5q21 (CHDI) in 7,932 (expanded from [12]),
6ql5 (MAP3K7) in 6,069 (expanded from [11]), PTEN
(10923) in 6,704 (expanded from [9) and 3p13 (FOXPI) in
7,081 (expanded from [10]) cancers. In addition, a second
small “prostate cancer progression” TMA was analyzed
containing samples from 100 benign prostate hyperplasias
(BPH), and 50 samples each form prostatic intraepithelial
neoplasias (PIN), high Gleason grade cancers (Gleason §—
9), lymph node metastasis, and hormone refractory
cancers. The usage of archived diagnostic left-over tissues
for manufacturing of tissue microarrays and their analysis
for research purposes as well as patient data analysis has
been approved by local laws (HmbKHG, §12,1) and by
the local ethics committee (Ethics commission Hamburg,
WF-049/09 and PV3652). All work has been carried out in
compliance with the Helsinki Declaration.

Immunohistochemistry

Freshly cut TMA sections of the 12,427 samples
TMA were immunostained on one day and in one
experiment. The small “prostate progression TMA” was
analyzed later using a different batch of the FAM13C
antibody. Slides were deparaffinized and exposed to heat-
induced antigen retrieval for 5 minutes in an autoclave at
121°C in pH 7.8 Tris-EDTA-Citrate buffer. Primary
antibody specific for FAMI3C (rabbit polyclonal
antibody, Sigma-Aldrich, St. Louis, MO; catfHPA(037888;
dilution 1:150) was applied at 37°C for 60 minutes. A
preabsorption control assay using purified FAMI13C
protein (APRET80276, Sigma-Aldrich) in 50-fold excess
relative to the primary antibody was performed to prove
specificity of the antibody (Supplementary Figure 1).
Specificity of the antibody for its target protein was also
demonstrated in the Human Protein Atlas project (www.
proteinatlas.org, [54], query FAMI13C) by protein array
analysis and by the antibody manufacturer using western
blotting. Bound antibody was then visualized using the
EnVision Kit (Dako, Glostrup, Denmark) according to the
manufacturer’s directions. FAM13C stained the tumor cell
nuclei in all (100%) cells of a tissue spot. Staining
intensity of all cases was thus semiquantitatively assessed

in four categories: negative, weak, moderate and strong.
The percentage of positive tumor cells (typically 100% for
this staining) was not seperately recorded.

Statistics

For statistical analysis, the JMP 9.0 software (SAS
Institute Inc., NC, USA) was used. Contingency tables
were calculated to study association between FAM13C
expression and clinico-pathological variable, and the Chi-
square (Likelihood) test was used to find significant
relationships. Kaplan Meier curves were generated for
PSA recurrence free survival. The log-Rank test was
applied to test the significance of differences between
stratified survival functions. Cox proportional hazards
regression analysis was performed to test the statistical
independence and significance between pathological,
molecular, and clinical variables.

Abbreviations

cT: clinical stage; Li: labeling index; PSA: prostate
specific antigen; pT: pathological stage; pN: nodal stage;
R: surgical margin; TMA: tissue micro array.
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2. Darstellung der Publikation

2.1 Einleitung

Das Prostatakarzinom ist die haufigste Karzinomerkrankung des Mannes.
Die prostatische Tumorerkrankung zahlt zudem zu den zweithaufigsten
todesursachlichen Karzinomen weltweit (Torre et al. 2015). Schuld daran ist
eine kleine Gruppe von hochgradig aggressiven Prostatakarzinomen,
welche zu einem lebensbedrohlichen Krankheitsverlauf fihren. Die meisten
Karzinome sind jedoch eher indolent, so dass es zeitlebens nicht zu einer
Symptomatik der Erkrankung kommt. Das heift, die meisten Manner
versterben eher mit als an ihrem Prostatakarzinom. Bedingt durch die sehr
guten frihdiagnostischen Methoden, wie der digital-rektalen Untersuchung
und dem Prostataspezifischen Antigen (PSA)-Screening wird die Mehrzahl
der Karzinome bereits in sehr frihen Stadien diagnostiziert, so dass eine
kurative Behandlung mdoglich ist (Carroll et al. 2000). Die
Therapiemdglichkeiten reichen dann von der aktiven Uberwachung (,Active
Surveillance®) bis hin zur radikalen Entnahme der Prostata (Wilt et al. 2012).
Die heute am haufigsten angewandte Therapie ist die radikale Ektomie.
Grund daflr ist, dass die Aggressivitat der Tumoren bei der primaren
Diagnose anhand der etablierten prognostischen Parameter wie dem
Gleason Grad, der Tumorausdehnung und dem PSA-Wert (Thompson et
al. 2012) nicht eindeutig bestimmt werden kann. Um der ,Gefahr* eines
aggressiven Tumors aus dem Weg zu gehen, entscheiden sich heute daher
viele Manner zur Entnahme der Prostata. Aus diesem Grund mussen
dringend weitere bessere Prognoseparamter gefunden werden. Grole
Hoffnung wird hier in die Etablierung von molekularen Prognosemarkern
gesetzt.

Das Protein FAM13C (family with sequence similarity 13, member C) gehort
zu den Uber 800 Mitgliedern der Proteinfamilie FAM13. Die Funktion und
zellulare Lokalisation von FAM13C, wie auch der meisten anderen Vertreter
dieser Familie, konnten bisher nicht eindeutig zugeordnet werden.
Sequenzanalysen identifizierten eine Rho-GTPase-aktivierende
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Proteindomane in den Exons 2-5. Dementsprechend kénnte FAM13C an
intrazellularen Signaltransduktionswegen beteiligt sein, welche fir eine
Tumorentwicklung relevant sind (Cohen et al 2004). Desweiteren scheinen
die verschiedenen FAM13C Isoformen an zahlreichen Signaltransduktionen
verschiedenster Tumoren beteiligt zu sein (Berglund et al. 2008). Beim
Prostatakarzinom konnten erste Studien eine prognostische Bedeutung von
FAM13C zeigen (Cohen et al. 2004, Tandefelt et al. 2013). An Bedeutung
hat FAM13C insbesondere dadurch gewonnen, dass es - trotz seiner
unbekannten Funktion — Bestandteil von mehreren RNA-Expressions-
Signaturtests zur Einschatzung der Aggressivitat des Prostatakarzinoms ist
(Tandefelt et al. 2013, Knezevic et al. 2013). Einer dieser Prognosetests ist

aulderdem bereits kommerziell erhaltlich (Knezevic et al. 2013).

Kirzlich wurde ein FAM13C-spezifischer Antikorper entwickelt, der es nun
ermdglicht die FAM13C-Expression auf Proteinebene in situ an dem
Hamburger Prostatakarzinom-Gewebemikroarray (tissue microarray, TMA)
mit Proben aus mehr als 12.000 Prostatakarzinomen zu untersuchen. Ziel
dabei war es zu klaren, ob die FAM13C-Proteinexpression ebenfalls als

Prognosemarker beim Prostatakarzinom verwendet werden kann.
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2.2 Material und Methoden

Patientenkollektiv

Die Patienten wurden im Zeitraum von 1992 bis 2012 in der urologischen
Klinik des  Universitatsklinikums Hamburg-Eppendorf sowie im
Prostatakrebszentrum der Martini-Klinik mittels radikaler Prostatektomie
chirurgisch behandelt. Zur Herstellung der TMAs wurde pro Patient ein 0.6
mm durchmessender Gewebezylinder aus einem reprasentativen
Tumorgewebeblock entnommen. Die Gewebe wurden auf 27 TMA-Blocke
verteilt, die jeweils 144 bis 522 Tumorproben enthielten. In der klinisch-
pathologischen Datenbank standen unter anderem Ergebnisse zum
Tumorstadium, klassischen und quantitativen Gleason-Grad, Nodalstatus
und Resektionsrand zur Verfugung. FUr insgesamt 12.344 Patienten
standen klinische Verlaufsdaten mit einer medianen tumorfreien Zeit von 36
Monaten, gemessen am PSA-Rezidiv, zur Verfligung. Ein PSA-Rezidiv
wurde ab einem Wert von 0,2 ng / ml angenommen. In der molekularen
Datenbank standen Studiendaten zum ERG-Expressions und ERG-
Genfusionsstatus (Minner et al. 2011) und zum Deletionsstatus von 5qg21
(Burkhardt et al. 2013), 6915 (Kluth et al. 2013), PTEN (Krohn et al.2012)
und 3p13 (Krohn et al. 2013) zur Verfliigung.

Immunhistochemisches Verfahren

Unter Verwendung eines fur FAM13C-spezifischen Antikérpers (rabbit
polyclonal antibody, Sigma-Aldrich, St. Louis, MO; cat#HPA037888; dilution
1:150) wurde die FAM13C-Expression semiquantitativ = mittels
immunhistochemischer Farbung klassifiziert. Die angefertigten TMA-
Schnitte wurden innerhalb eines Tages und innerhalb eines Experimentes
immunhistochemisch gefarbt. Bei Anwesenheit einer Zellkernfarbung war
diese in der Regel in allen Tumorzellen eines Gewebespots vorhanden.
Daher wurden die Tumoren auf Grund der Farbungsintensitat in die

Kategorien negativ, schwach, maRig und stark klassifiziert.

19



2.3. Ergebnisse

In der immunhistochemischen Auswertung zeigten 67,5% der 9.633
interpretierbaren Tumorproben eine FAM13C-Farbung. Von diesen
Karzinomen zeigten 14,6% eine schwache, 24,6% eine moderate und
28,3% eine starke FAM13C-Farbung. Eine ausfuhrliche Darstellung aller
Ergebnisse ist in der beigefligten Publikation zu finden. Die wesentlichen
Ergebnisse der vorliegenden Arbeit werden im Folgenden aufgezeigt:

) Eine starke FAM13C-Farbung ist mit einem unginstigen
Tumorphanotyp und einer schlechten Prognose assoziiert.

) Eine starke FAM13C-Farbung ist mit Parametern der genetischen
Instabilitat assoziiert.

3 Eine starke FAM13C-Farbung ist mit einem ERG-positiven
Phanotyp assoziiert.

@ Der prognostische Wert von FAM13C ist unabhangig von den pra-

und postoperativen Prognosparametern vorhanden.

2.4. Diskussion

Die Ergebnisse unserer Studie zeigen, dass die FAM13C-Protein-
Uberexpression unabhangig von den bereits etablierten pathologischen und
klinischen Parametern einen starken Pradiktor fur einen schlechten
klinischen Verlauf beim Prostatakarzinom darstellt. Obwohl bisher keine
Studien zur FAM13C-Expression beim Prostatakarzinom veréffentlicht
worden sind, ist das Gen Bestandteil eines kommerziell erhaltlichen RNA-
basierten Prostata-Prognose-Test (Knezevic et al. 2013). Unsere
immunhistochemische Analyse von 9.633 Prostatakarzinomen unterstutzt
deutlich eine relevante Rolle von FAM13C beim Prostatakarzinom. Eine
schwache bis starke nukleare FAM13C-Farbung wurde in etwa zwei Drittel
aller analysierbaren Karzinome gefunden, davon waren immerhin circa 50%
sogar moderat bis stark gefarbt. Angesichts der Tatsache, dass die
FAM13C-Farbung im normalen Prostatepithel schwach bis moderat war,
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deuten diese Befunde darauf hin, dass FAM13C wahrend der
Tumorentwicklung und / oder -progression in einem grofien Anteil der
Prostatatumoren hochreguliert wird. Dies wird auch durch den
kontinuierlichen  Anstieg der FAM13C-Farbung von benignen
Prostatalasionen (BPH und PIN) Uber Tumoren mit hohem Gleason Grad
bis hin zu Lymphknotenmetastasen unterstitzt. Daten zu anderen
Tumorentitaten scheinen zudem ebenfalls auf eine Rolle der FAM13C-
Uberexpression bei malignen Tumoren hinzudeuten. Zum Beispiel wurde
eine  FAM13C-Uberexpression in Gliomen, Leberkarzinomen und
Lymphomen im Vergleich zum entsprechenden normalen Gewebe
beschrieben (Berglund et al. 2008). Die ausgepragte Assoziation der
starken FAM13C-Expression mit ungunstigen Tumormerkmalen wie einem
fortgeschrittenen  Stadium, einem hohen Gleason Grad, der
Lymphknotenmetastasierung und dem frihen PSA-Rezidiv spricht weiter
fir eine mogliche praktische Relevanz der FAM13C-Bestimmung als

molekularer Prognosemarker beim Prostatakarzinom.

Der prognostische Wert der FAM13C-Expression war unabhangig von den
etablierten pra- und postoperativen Prognoseparametern vorhanden. Dies
verdeutlicht die mégliche Anwendbarkeit der FAM13C-Messung - entweder
allein oder in Kombination mit anderen molekularen Markern - zur besseren
Beurteilung der Aggressivitat von Prostatakarzinomen in der klinischen
Praxis. Auf Grund der ubiquitaren FAM13C-Expression ist allerdings ein
klarer Grenzwert nétig zur Definition einer FAM13C-Uberexpression. Bis
heute ist der Gleason-Grad der starkste etablierte prognostische Parameter
beim Prostatakarzinom. Basierend auf der groRen Anzahl an zur Verfugung
stehenden Prostatakarzinomen mit klinischen Verlaufsdaten konnte die
UKE-Prostatakrebs-Forschungsgruppe erst kurzlich zeigen, dass die
prognostischen Informationen des Gleason Grades gesteigert werden
kénnen, indem dieser nicht als kategorischer sondern als kontinuierlicher
Parameter verwendet wird. Sowohl bei Biopsien als auch bei

Prostatektomie-Proben verschlechtert sich die Prognose kontinuierlich mit
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zunehmendem Anteil der hohen (ungunstigen) Gleasonmuster
(quantitativer Gleason-Grad) (Sauter et al 2016). Dass die FAM13C-
Expression kontinuierlich mit dem Anteil des Gleason-Grades ansteigt,
unterstreicht die starke Assoziation der FAM13C-Expression mit der
Aggressivitat der Prostatakarzinome. Das Fehlen einer eindeutigen
prognostischen Relevanz der FAM13C-Expression in den einzelnen
quantitativen Gleason-Grad Untergruppen zeigt klar, wie schwierig es ist -
auch fur sehr gute Biomarker - morphologische Parameter der Malignitat zu
Ubertreffen.

In friheren Studien an der gleichen grof3en Kohorte an Prostatakarzinomen
konnten wir bereits einige sehr starke und oft auch unabhangige
prognostische Marker identifizieren. Dazu zahlen zum Beispiel 33-Tubulin
(Tsourlakis et al. 2014), CD57 (Wangerin et al. 2014), DAXX (Tsourlakis et
al. 2013), HOXB13 (Zabalza et al. 2015), KPNA2 (Grupp et al. 2014), RBM3
(Grupp et al. 2014), mTOR (Muller et al. 2013), p62 (Burdelski et al. 2015)
und TYMS (Burdelski et al. 2015). Auch flir diese Marker wtrde sich
sicherlich eine Intergration in einen Multiparametertest lohnen. Es ist jedoch
bemerkenswert, dass FAM13C sowie viele andere potentielle
Prognosemarker wie zum Beispiel CD147 (Grupp et al. 2013), FOXP2
(Stumm et al. 2013), CD151 (Minner et al. 2012), c-MET (Jacobsen et al.
2013) und p27 (Sirma et al. 2013) nicht nur in Karzinomzellen exprimiert
werden, sondern auch im normalen Prostataepithel sowie in den Basal-
(FOXP2, c-MET), Entzindungs- (CD117, FOXP3) (Fleischmann et al.
2009, Flammiger et al. 2013), Endothelial- (CD151), Neuronal- (33-Tubulin)
und Stromazellen (FAM13C). Es ist derzeit unbekannt, welchen Einfluss
diese offensichtliche Expression in nicht-neoplastischen Zellen auf die
Anwendbarkeit von kommerziell erhaltlichen RNA-basierten Prognose-
Tests (Erho et al. 2013) hat beziehungsweise in wieweit dadurch die

Aussagekraft dieser Tests begrenzt ist.

In unserer Studie haben wir mit FAM13C ein Protein mit weitgehend

unbekannter Funktion analysiert. Die immunhistochemische Analyse ergab,
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dass das FAM13C-Protein im Zellkern lokalisiert ist. Dies ware mit einer
Rolle in der DNA-Synthese und -Reparatur, Expressionskontrolle, dem
Chromatin-Remodeling oder der Instandhaltung der Kernarchitektur
kompatibel. Dass FAM13C sowohl in Karzinomzellen als auch in zwar
geringeren Mengen in normalen Zellen, wie Stroma-, Luminal- und
Basalzellen exprimiert wird, spricht aul3erdem fir eine generelle Funktion
im zellularen Metabolismus. Die unserem TMA zugehorige grolde
molekulare Datenbank ermoglichte uns aullerdem eine ,in silico®-
Identifizierung weiterer potentieller FAM13C-Funktionen. Die starke
Assoziation der FAM13C-Expression mit der Zellproliferation weist
beispielsweise auf eine Rolle von FAM13C in der Wachstumsregulation
oder der Zellhomdostase hin. Eine Rolle bei der Regulierung der
Zellproliferation wurde auch fur andere FAMs vorgeschlagen. FAM83B zum
Beispiel hat durch die Aktivierung des EGFR / RAS / MAPK-Signalweges
einen Einfluss auf das Zellwachstum von humanen Mamma-Epithel-
(HME1)-Zellen (Cipriano et al. 2013). FAM83D induziert die Zellproliferation
in MCF10A-Brustzellen (Wang et al. 2013), wahrend FAM176A das
Wachstum von nicht-kleinzelligen Lungenkarzinomzellen (H1299) (Xie et al.
2014) hemmt. Eine ahnliche Wirkung hat FAM43B auf die Zellproliferation
von HCC-Zellen (Xu et al. 2011). Da alle FAM-Mitglieder ein hohes Mal}
einer Sequenzhomologie aufweisen, kdonnte es mdglich sein, dass sie

ebenfalls eine hohe funktionelle Ahnlichkeit aufweisen.

Der Vergleich von FAM13C mit den etablierten molekularen Merkmalen des
Prostatakarzinoms zeigte, dass eine erhdhte FAM13C-Expression stark mit
der Untergruppe von Tumoren mit einer TMPRSS2:ERG-Genfusion
assoziiert ist. Mehr als die Halfte aller Prostatakarzinome tragen diese
Genfusion, die das androgenreguliete TMPRSS2-Gen mit dem
Transkriptionsfaktor ERG (Tomlins et al. 2005) verknupft. Dies flhrt
letztendlich zu einer androgen-abhangigen Uberexpression des ERG-
Transkriptionsfaktors (Clark et al. 2009). Der starke Zusammenhang

zwischen der FAM13C und ERG-Expression steht im Einklang mit friheren
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Arbeiten, die darauf hindeuten, dass FAM13C aufgrund von
Bindungsstellen im FAM13C-Promotor ein Zielgen von ERG und dem
Androgengenrezeptor (AR) ist (Cai et al. 2013). Ahnliche Assoziationen mit
ERG wurden auch fur andere FAM-Mitglieder gefunden. FAM77C (Jhavar
et al. 2008) und FAM13A (Taylor et al. 2010) sind ebenfalls in den ERG-
positiven Tumoren hochreguliert, wahrend FAM111B (Brase et al. 2011),
FAM3B und FAM124B (Jhavar et al. 2008) in den ERG-positiven Tumoren

herunterreguliert sind.

Unsere ,in silico® Analyse zeigte aullerdem eine relevante Assoziation der
FAM13C-Expression mit verschiedenen chromosomalen Deletionen,
insbesondere in der Gruppe der ERG-negativen Tumoren. Dass dieser
Effekt in den ERG-positiven Tumoren reduziert war, kann an der generell
héheren FAM13C-Expression in dieser Gruppe von Tumoren liegen. Es
konnte sein, dass unter unseren experimentellen Bedingungen
Expressionsunterschiede in den ERG-positiven  Tumoren im
Zusammenhang mit den Deletionen nicht gemessen werden konnten. Am
deutlichsten zeigte sich die Assoziation fur die Deletion von PTEN (10g23),
aber auch fiir Deletionen von 5q und 6q. Dass die FAM13C-Uberexpression
mit dem Vorkommen aller Deletionen assoziiert ist, deutet auf eine Rolle
von FAM13C in Mechanismen zum Erhalt der genomischen Integritat hin.
Darlber hinaus weist die besonders starke und ERG-unabhangige
Assoziation mit PTEN-Deletionen auf eine funktionelle Interaktion zwischen
beiden Genen hin. PTEN ist eine multifunktionelle Lipidphosphatase, die
den Phosphatidylinositol (Pl) -3-Kinase / AKT-Wachstumsweg (Cantley et
al. 1999) negativ reguliert, aber auch an der DNA-Reparatur (Misra et al.
2014) beteiligt ist. Es konnte also sein, dass FAM13C mit der PTEN-
Deletion sowohl bei der Regulation des Zellwachstums als auch beim
Erhalt der Genomstabilitat interagiert. Eine gemeinsame Rolle bei der
Wachstumssteuerung wird dadurch unterstutzt, dass die FAM13C-
Uberexpression mit einer erhéhten Zellproliferation in den PTEN-deletierten

Karzinomen assoziiert ist. Es wurden bereits ahnliche Assoziationen
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zwischen der PTEN-Deletion und anderen Proteinen bei der Analyse der
Hamburger TMAs gefunden, von denen bekannt ist, dass sie mit den PTEN-
Signalwegen interferieren. Dazu zahlen zum Beispiel p53 (Schlomm et al.
2008) und mTOR (Muller et al. 2013).

Zusammenfassend zeigen die Ergebnisse unserer Studie, dass die
Uberexpression von FAM13C - ein Gen von weitgehend unbekannter
Funktion - ein starker und unabhangiger Prognosemarker beim
Prostatakarzinom ist. Der Vergleich mit einer Vielzahl von molekularen
Daten, die zu unserer Patientenkohorte verfugbar sind, deutet auf eine AR-
abhangige Funktion von FAM13C und eine mdgliche Rolle bei der Kontrolle

des Zellzyklus und der genetischen Integritat hin.
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2.6. Zusammenfassung

FAM13C - ein Gen mit unbekannter Funktion — ist in mehreren mRNA-
Signaturtests zur Einschatzung der Aggressivitat eines Prostatakarzinoms
enthalten. Um die klinische Relevanz des FAM13C-Proteins sowie dessen
Zusammenhang mit definieten molekularen Untergruppen des
Prostatakarzinoms zu klaren, analysierten wir die FAM13C-
Proteinexpression  mittels  Immunhistochemie an  Uber 12.400
Prostatakarzinomen im Gewebemikroarrayformat (tissue microarray, TMA).
Die Ergebnisse wurden mit dem Tumorphanotyp, dem klinischen Verlauf
(PSA-Rezidiv), dem ERG-Status und den genomischen Deletionen von 3p,
5q, 6q und PTEN verglichen. Die FAM13C-Immunfarbung war im Zellkern
von malignen, aber auch von nicht-neoplastischen Prostatazellen
nachweisbar. 67,5% von 9.633 interpretierbaren Prostatakarzinomen
zeigten eine FAM13C-Expression. Von diesen Tumoren waren 28,3% stark,
24,6% moderat und 14,6% schwach gefarbt. Die starke FAM13C-Farbung
war signifikant mit einem fortgeschrittenen Tumorstadium, hohen Gleason
Grad, positiven Lymphknotenstatus und friihen biochemischen Rezidiv
assoziiert (p<0,0001 far alle). Die FAM13C-Expression war mit der
TMPRSS2:ERG-Fusion und der PTEN-Deletion assoziiert. Eine FAM13C-
Positivitat zeigten 85% der ERG-positiven Tumoren, aber nur 54% der
ERG-negativen Tumoren (p<0,0001) sowie 91% der PTEN-deletierten
Karzinome und nur 69% der PTEN-normalen Karzinome (p<0,0001). Die
prognostische Rolle der FAM13C-Expression war unabhangig vom
klassischen und quantitativen Gleason-Grad, pT-Stadium, pN-Stadium,
Status des chirurgischen Resektionsrandes und praoperativen PSA.
Zusammenfassend zeigen die Ergebnisse unserer Studie, dass die
FAM13C-Expression ein unabhangiger prognostischer Marker beim
Prostatakarzinom ist. Dass FAM13C auch in nicht-neoplastischem
Prostatagewebe exprimiert wird, hebt die Bedeutung der selektiven
Auswahl von karzinomreichem Prostatagewebe fur die RNA-basierte

FAM13C-Expressionsanalyse hervor.
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2.7. Abstract

FAM13C, a gene with unknown function is included in several mRNA
signatures for prostate cancer aggressiveness. To understand the impact of
FAM13C on prognosis and its relationship to molecularly defined subsets,
we analyzed FAM13C expression by immunohistochemistry on a tissue
microarray containing 12,400 prostate cancer specimens. Results were
compared to phenotype, ERG status, genomic deletions of 3p, 5q, 6g and
PTEN, and biochemical recurrence. FAM13C was detectable in cell nuclei
of cancerous and non-neoplastic prostate cells. 67.5% of 9,633 interpretable
cancers showed FAM13C expression: strong in 28.3%, moderate in 24.6%
and weak in 14.6%. Strong FAM13C expression was linked to advanced pT
stage, high Gleason grade, positive lymph node status, and early
biochemical recurrence (p < 0.0001 each). FAM13C expression was
associated with TMPRSS2:ERG fusions. It was present in 85% of ERG
positive but in only 54% of ERG negative cancers (p <0.0001), and in 91.1%
of PTEN deleted but in only 69.2% of PTEN non-deleted cancers (p <
0.0001). The prognostic role of FAM13C expression was independent of
classical and quantitative Gleason grade, pT stage, pN stage, surgical
margin status and preoperative PSA. In conclusion, the results of our study
demonstrate that expression of FAM13C is an independent prognostic
marker in prostate cancer. Finding FAM13C also in non- neoplastic prostate
tissues highlights the importance of properly selecting cancer-rich areas for

RNA-based FAM13C expression analysis.
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