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Abstract

Medullary thyroid carcinoma (MTC) has been shown to express Prospero homeobox protein 1 (Prox1), a transcription factor whose
expression is altered in a variety of human cancers. We conducted a retrospective study on a series of 32 patients with MTC to test the
correlation of Prox1 expression in MTC with clinicopathological features and to evaluate its prognostic significance. Correlation of
Prox1 immunohistochemical expression with tumor size, proliferative index (Ki67), and calcitonin and CEA serum levels prior to
surgery was tested for significant correlations. The difference in Prox1 and Ki67 immunohistochemical expression according to the
immunohistochemical staining intensity of CEA, chromogranin A, and calcitonin was tested using the Kruskal-Wallis H test and linear
regression analysis. The prognostic value of Prox1 and Ki67 for our patient cohort was assessed by Kaplan-Meier log rank survival
analysis. We demonstrated a positive correlation between Prox1 expression and Ki67 index. Prox1 also showed significant difference
in expression according to chromogranin A and calcitonin immunohistochemical expression, with higher Prox1 expression in tumors
with stronger chromogranin A or calcitonin staining. Prox1 expression did not correlate with PFS or OS based on Kaplan-Meier log
rank survival analysis. In conclusion, Prox1 expression in MTC is positively correlated with Ki67 and with the immunohistochemical
expression of chromogranin A and calcitonin. However, the present study does not support a role for Prox1 in MTC prognosis.
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Introduction

Medullary thyroid carcinoma (MTC) is a neuroendocrine
tumor arising from calcitonin-producing C cells of the thy-
roid; MTC accounts for 1-2% of all thyroid cancers and is
the third most common thyroid malignancy after papillary
and follicular carcinomas [1, 2]. Despite being relatively
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uncommon, MTC accounts for more than 14% of thyroid
cancer-related deaths [3]. Follicular cell-derived well-dif-
ferentiated thyroid cancers (namely papillary and follicular
thyroid carcinomas) show an excellent prognosis with a
10-year survival rate of 93% for papillary thyroid carcino-
ma (PTC) and almost 100% for minimally invasive follic-
ular thyroid carcinoma (FTC) [4, 5]. Conversely, patients

Department of Otolaryngology—Head and Neck Surgery, CHUV,
University of Lausanne, Lausanne, Switzerland

Department of Oncology, CHUV and University of Lausanne,
Lausanne, Switzerland

Ludwig Institute for Cancer Research Lausanne, Division of
Experimental Pathology, CHUV and Swiss Institute for Cancer
Research, EPFL, Lausanne, Switzerland

Pathology Unit, Department of Medicine and Surgery, University of
Insubria, Varese, Italy


http://crossmark.crossref.org/dialog/?doi=10.1007/s12022-019-9576-5&domain=pdf
mailto:massimo.bongiovanni@chuv.ch

Endocr Pathol (2019) 30:138-145

139

with MTC have a worse prognosis, with 10-year survival
rates of 100, 93, 71, and 21% for patients with disease
stages I, 11, 11, and IV, respectively [1, 6]. Patient age over
50 years and TNM stage are the only independent prog-
nostic factors identified in a series of sporadic and he-
reditary MTCs [7, 8]; extrathyroidal tumor extension and
elevated postoperative calcitonin levels are also consid-
ered poor prognostic features [7, 9]. Unfortunately, so
far, no biomarker has been proven to be associated with
prognosis in multivariate analyses, with the possible ex-
ception of proliferative index evaluated with Ki67 stain-
ing, although further studies are needed to confirm this
observation [10, 11].

Among thyroid cancer types, those of follicular cell origin
show a consistent downregulation of Prospero homeobox pro-
tein 1 (Prox1), whereas hyperplastic C cells and MTCs have
been demonstrated to express Prox1, together with secretory
peptides (i.e., calcitonin and chromogranin A) [12, 13]. Prox1
is a homeobox transcription factor that plays a critical role in
the development of various organs during embryogenesis;
during postnatal life, alterations in its expression have been
found in a variety of tumors [14-21]. Among these, in rectal
neuroendocrine carcinomas, high Prox1 expression has been
associated with increased metastatic potential and poor surviv-
al [22]. However, the prognostic utility of Prox1 in MTC has
not been addressed yet.

Herein, we analyzed the immunohistochemical expression
of Prox1 in a series of 32 MTCs and correlated it with patient
outcome and clinicopathological features, including prolifera-
tive index (Ki67).

Materials and Methods
Patient Selection

Thirty-two cases of MTC with available clinical and patho-
logical data and material available for review were included in
the study. We excluded from our cohort patients affected by
hereditary MTC in order to avoid possible bias concerning
Prox1 levels in tumors of patients with different genetic mech-
anism of MTC onset. The study was approved by the Ethics
Committee of the Canton of Vaud (no. 2016-01058).

All tissues were formalin-fixed and paraffin-embedded
(FFPE). For each case, one representative slide with the cor-
responding tissue block (including both tumor and non-
tumoral thyroid tissue) was selected.

Concerning pathological data, tumor (T) and lymph
node (N) stage could be reliably determined for all tumors
according to the TNM classification for thyroid cancer as
outlined in the 8th edition of the AJCC Cancer Staging
Manual; M stage was derived from the imaging reports
contained in the electronic health records of the patients

[23]. Clinical data, carcinoembryonic antigen (CEA), and
calcitonin serum levels were retrieved from patient medical
records (Table 1). Calcitonin serum levels were measured
by electrochemiluminescence immunoassay (ECLIA)
(Roche cobas); CEA serum levels by chemiluminescent
microparticle immunoassay (CMIA) (Abbott).

Immunohistochemistry

Four-micrometer sections were obtained from selected FFPE
tissue blocks and immunohistochemical staining was per-
formed with the antibodies listed in Table 2 on a fully auto-
mated immunostainer (Ventana Benchmark XT; Ventana
Medical Systems, Tucson, AZ) using a multimer detection
kit (Ultra-View; Universal DAB; Ventana Medical Systems).
Staining was performed according to the manufacturer’s in-
structions. Antigen retrieval was carried out in EDTA (pH 8.0)
during 30 min and counter-staining was performed with
Mayer Hematoxylin.

Immunohistochemical staining for Prox1, Ki67, and
chromogranin A was available for all 32 cases of MTC,
whereas calcitonin and CEA immunohistochemical staining
was performed on 25 out of 32 cases due to tumor exhaustion
in the available FFPE tissue block in the remaining 7 cases.

Immunohistochemical Evaluation of Ki67 and Prox1
Expression

Immunohistochemistry slides were scanned using the
Hamamatsu C9600 NanoZoomer Digital Pathology slide scan-
ner (Hamamatsu Photonics, Hamamatsu, Japan). Visualization
was carried out using Slidepath Digital Image Hub, version
4.0.7 (Slidepath, Leica Biosystems, Milton Keynes, UK).
Tumor samples were investigated as follows: Prox1 and
Ki67 immunohistochemistry slides (one of each for every
study case) were scanned at low magnification (x4) to identify
positive hotspots; two tumor hotspots were defined by using a
500-um side square grid; the selected areas were printed in
full-color scale at high magnification (x 20); Prox1- and Ki67-
positive and Prox 1- and Ki67-negative tumor cells were man-
ually counted in those areas. Ki67-positive cells were counted
in the same Prox1 tumor hotspots. Only Prox1 nuclear immu-
noreactivity was considered as positive, cytoplasmic staining
being considered nonspecific (Fig. 1). The percentage of
Prox1-positive and Ki67-positive cells was calculated.

Immunohistochemical Evaluation of CEA,
Chromogranin A, and Calcitonin Expression

Chromogranin A, CEA, and calcitonin expression was manu-
ally scored based on intensity of immunohistochemistry cyto-
plasmic expression as weak (score = 1), moderate (score = 2),
strong (score = 3), and intense (score = 4).
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Table2  Antibodies and clones used for immunohistochemical staining

Antibody Clone  Company Catalog number  Dilution
Prox-1 Polyclonal goat anti-human Prox1 - R&D Systems, Minneapolis, MN  AF 2727 1:100
Ki67 Monoclonal mouse anti-human Ki67 MIB1 DAKO, Glostrup, Denmark M 7240 1:50
Calcitonin Polyclonal rabbit anti-human calcitonin - DAKO, Glostrup, Denmark A 0576 1:20000
Chromogranin A Polyclonal rabbit anti-human chromogranin A~ — DAKO, Glostrup, Denmark A 0430 1:200
CEA Monoclonal mouse anti-human CEA 11-7 DAKO, Glostrup, Denmark M 7072 1:50

Statistical Analysis

Correlations between Prox1 expression, Ki67 expression, tu-
mor size, and calcitonin and CEA serum levels prior to thy-
roidectomy were tested using linear regression analysis. The
level of expression of Ki67 and Prox1 in different stages was
evaluated using linear regression analysis. In addition, the
Kruskal-Wallis H test and linear regression analysis were used
to evaluate the difference between Prox1 and Ki67 expression
in different staining intensity score subgroups of CEA,
chromogranin A, and calcitonin.

The prognostic value of low versus high Prox1 expression
was assessed using progression-free survival (PFS) and

Fig. 1 Immunohistochemical
(IHC) staining with anti-Prox1
antibody (a Prox1 stain, x10) in a
MTC tumor sample showing
nuclear positivity for Prox1 in
tumoral cells, compared to IHC
staining for Ki67 (b Ki67 stain,
MIBI clone, x10) of the same
tumoral region, showing Ki67
nuclear positivity

overall survival (OS) as the endpoints. PFS was defined as
time from the date of initial diagnosis and treatment to the first
occurrence of new metastases based on medical imaging re-
ports, death, or last known consultation (censored). OS was
defined as the time from diagnosis to death from any cause or
last known consultation (censored). Survival curves were ob-
tained from Kaplan-Meier estimates and compared by the log-
rank test using cutoffs as the median value of Prox1 expres-
sion and 5% Ki67 expression, as reported by Pan et al. [24].

All statistical analyses were performed using SPSS version
23 (IBM Corp., Armonk, NY) and Stata/SE version 13.0
(StataCorp., College Station, TX). P values < 0.05 were con-
sidered as statistically significant.
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Results
Patient Series and Clinicopathological Features

Thirty-two MTCs were analyzed (9 males and 23 females),
with an average age of 50.6 years (range 21-72) (Table 1).
The average lesion size was 2.4 (range 0.6—6.2) cm. Based on
the 8th edition of the AJCC (American Joint Committee on
Cancer) TNM system [23], 12/32 patients (37.5%) were clas-
sified as stage I, 6/32 (18.8%) as stage 11, 1/32 (3%) as stage
III, and 13/32 (40.7%) as stage IV.

Mean values of Prox1 and Ki67 expression were 59.1%
(range 1.2-98.2%) and 1.6% (range 0.2—15.8%), respectively.
Only two cases had foci of C-cell hyperplasia: one case with a
single focus, of which no further material was available for im-
munohistochemical analysis after re-cut of the paraffin block,
and a second one with two foci that showed weak reactivity.

Chromogranin A immunohistochemical intensity score
was weak in 4/32 cases, moderate in 6/32 cases, strong in
15/32 cases, and intense in 7/32 cases. Calcitonin immunohis-
tochemical intensity score was weak in 6/25 cases, moderate
in 6/25 cases, strong in 8/25 cases, and intense in 5/25 cases.
CEA immunohistochemical intensity score was low in 6/25
cases, moderate in 4/25 cases, strong in 6/25 cases, and very
strong in 9/25 cases.

The median value of preoperative serum CEA was 29.9 ng/
1 (range 3.3-354.3); the median value of preoperative serum
calcitonin was 828 ng/l (range 21.5-11,630).

Prox1 Expression in Medullary Thyroid Carcinoma

Prox1 expression significantly predicted Ki67 expression in
regression analysis (beta=0.373, p =0.036).

Ki67 expression, but not Prox1 expression, was signif-
icantly higher in patients with stage IV disease (p=0.010
and p =0.174, respectively) and with lymph node metas-
tasis (p =0.03 and p =0.321, respectively) based on linear
regression analysis. Ki67 expression (beta=0.518, p=
0.002), but not Proxl expression (beta=0.069, p=
0.708), was a predictor of the presence of distant metasta-
sis using linear regression test.

Immunohistochemical intensity staining score subgroups
of chromogranin A and calcitonin, but not CEA, significantly
predicted Prox1 expression (p =0.0004, p =0.004, and p =
0.336, respectively) using linear regression analysis; accord-
ingly, Prox1 expression showed significant difference using
the Kruskal-Wallis H test analysis in different chromogranin A
(p=0.016) and calcitonin (p =0.013) but not CEA (p =0.293)
immunohistochemical intensity staining score subgroups,
with higher mean Prox1 expression in subgroups showing
higher staining score, notably for chromogranin A (Fig. 2).
No difference in Ki67 expression was observed in the respec-
tive immunohistochemical intensity staining score subgroups

@ Springer

(p=0.208, p=0.239, and p =0.237, respectively). No corre-
lation was observed between Ki67 expression and preopera-
tive serum levels of CEA or calcitonin (p =0.516 and p =
0.796, respectively).

Both Prox1 and Ki67 did not show significant association
with survival based on Kaplan-Meier log rank survival anal-
yses using the median as a cutoff for Prox!1 and using 5%
expression as a cutoff for Ki67 (Fig. 3).

Discussion

Among patients affected by MTC, up to 70% present nod-
al metastases and up to 10% distant metastases [11].
Patients with progressive or metastatic disease who cannot
be treated by surgery or other localized strategies are can-
didates for systemic therapy. However, conventional che-
motherapy with cytotoxic agents provides limited benefit
in patients with MTC, and approved tyrosine kinase inhib-
itors extend PFS but not OS [25-27]. Deeper understand-
ing of the molecular pathways involved in MTC biology is
critical to improve prognosis and to develop more effec-
tive treatments for improving loco-regional control, as
well as to treat distant metastatic and recurrent disease.
Apart from age (> 50 years) and TNM stage that are inde-
pendent prognostic factors, no biomarkers have been iden-
tified as prognostic or predictive parameters to date. In the
search for new biomarkers of aggressiveness that could
help to better stratify MTC patients, we studied the ex-
pression of Prox1 in a series of 32 MTCs. We compared
Prox1 expression with Ki67 proliferative index, with im-
munohistochemical staining intensity of chromogranin A,
calcitonin, and CEA, and with preoperative serum levels
of calcitonin and CEA.

High Prox]1 mRNA levels have been documented in
several tumors of neuroendocrine origin [22, 28-34]. In
rectal neuroendocrine tumors (NETs), immunohistochem-
ical expression of Prox1 has been associated with meta-
static potential and poor survival, moreover, all but one
metastases from rectal NETs showed very strong Prox1
immunoreactivity [22]. The exact mechanism through
which Prox1 regulates proliferation, migration, and inva-
sion of cancer cells is likely highly tissue-specific. In co-
lorectal cancer, Prox1 is a direct target of overactivated
WNT signaling, where it promotes productive autophagy
and metabolic fitness of intestinal stem cells [34, 35]. In
thyroid cancer cells of follicular origin (i.e., follicular,
papillary and anaplastic carcinomas), Prox] mRNA ex-
pression has shown a consistent downregulation as com-
pared with adjacent normal tissues. In addition, restoration
of Prox1 function suppresses not only the expression of
genes associated with thyroid cancer development but also
the malignant phenotype of thyroid carcinoma in vitro and
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in vivo. [12] Recently, matrix metalloproteinase-14
(MMP14) was shown to be a direct target suppressed by
Prox1 in multiple cancer types [36], but it remains to be
investigated whether loss of MMP14 contributes to the
tumor suppressor role of Prox1 in thyroid cancer.
Nevertheless, in thyroid cancers deriving from follicular
cells, inactivation of Prox1 contributes to the malignant
phenotype and may represent an essential step in thyroid
cancer development [12].

On the contrary, hyperplastic C cells and MTCs have been
shown to specifically express Prox1, together with secretory
peptides, including calcitonin and chromogranin A. In these
cells, Prox1 seems to be directly associated with the formation
of secretory granules and products, as its knockdown reduces
the number of secretory granules detected by electron micros-
copy and decreases the expression of secretory granule-related
genes; Prox1 thus acts as a master transcriptional regulator of
secretory granule biogenesis [13]. Our study confirmed the
presence of higher Prox1 expression specifically in cases with
higher score of immunohistochemical staining intensity of
calcitonin and chromogranin A, but not CEA. This interesting
finding is consistent with what has been shown in vitro,

Calcitonin (score)

namely that the role of Prox1 in neuroendocrine maturation
and its direct involvement as a transcriptional enhancer of the
chromogranin A gene and other secretory granule-related
genes [13]. The same study showed that forced expression
of Prox1 did not alter the expression of calcitonin or calcito-
nin-related polypeptide alpha in cultured thyroid cancer
cells [13]. Thus, overall, the evidence suggests that Prox1
is associated primarily with the status of neurosecretory
granules in MTC cells. However, it is important to note
that all of the MTC samples analyzed in that study [13]
as well as in the present study did express calcitonin. It
will therefore be interesting to also analyze Prox1 expres-
sion in calcitonin-negative MTC.

Our results showed a near-significant association be-
tween higher Ki67 and lower OS, in line with the recent
meta-analysis by Pan et al. that demonstrated an associ-
ation between higher Ki67 expression and more aggres-
sive behavior of MTC, with lymph node and distant
metastatic potential [24].

Even though Prox1 had a significant positive correlation
with Ki67 in our patient population, it did not show a negative
effect on patient survival, and was not correlated with higher
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stage of disease nor lymph node and distant metastatic poten-
tial of MTC. Therefore Prox1, in spite of its correlation with
tumor proliferative index, does not seem to have a clinical
impact on patient prognosis. Further studies are needed to
elucidate Prox-1 expression in C-cell hyperplasia and in he-
reditary forms of MTC and to correlate these data with RET
mutational status.

Conclusion

To summarize, we show here that Prox1 expression in MTC is
associated with Ki67 expression and is positively correlated
with higher levels of chromogranin A and calcitonin on im-
munohistochemical studies, thus potentially playing a role in
MTC development in keeping with a positive regulatory effect
on the calcitonin and chromogranin A genes. However, our
results did not show statistically significant correlation be-
tween Prox1 or Ki67 expression and PFS or OS, even though
an association was found between Ki67 and advanced stage.
Studies of Prox1 in MTC have potential to help elucidate
mechanisms related to C-cell biology and MTC pathobiology.
Its potential role in clinical management of MTC patients
warrants investigations in larger series.
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