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Abstract
Background.Insulin-like growth factor-II mRNA-binding protein 3 (IMP3) is an oncofetal protein upregulated
in tumor cells during carcinogenesis. It has been linked to adverse clinical outcome in many malignancies.
This study was aimed to evaluate an immunohistochemical expression status of IMP3 in cutaneous basal
cell carcinoma (BCC) and to correlate it with the Ki-67 index values.
Methods. Biopsy specimens from 32 cases of BCC were enrolled into this analysis. All samples were
immunohistochemically stained for IMP3 (Clone 69.1) and Ki-67 antigen (Clone MIB-1).
Results. IMP3 showed a weak expression in 11 (34.4%) cases, a moderate expression in 11 (34.4%)
cases, a strong expression in 5 (15.6%) cases, and negative staining in 5 (15.6%) cases. Among seven
BCCs exhibiting aggressive-growth features, all but one showed weak reactivity. In contrast, all five BCCs
manifesting strong IMP3 positivity consisted of the indolent-growth histologic subtypes. BCCs with infiltrative
histomorphology did not appear to have a tendency towards more striking production of IMP3. There was
no significant relationship between the IMP3 expression status and the proliferation status (Ki-67 ≤ 50% vs.
Ki-67 > 50%) of the tumor tissue (p > 0.05).
Conclusions. The vast majority of cutaneous BCCs express IMP3, suggesting this oncoprotein is implicated
in BCC carcinogenesis. However, more pronounced expression does not seem to be associated with
aggressive-growth phenotype of BCC or higher proliferative activity of neoplastic cells.
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Introduction

Insulin-like growth factor-II mRNA-binding protein 3
(IMP3) is a member of a family of RNA-binding proteins,
which consists of IMP1, IMP2, and IMP3 [1, 2]. They are
implicated in mRNA trafficking and stabilization, and play
a role in the post-transcriptional regulation of cell growth
during embryogenesis [1, 2]. IMP3 is an oncofetal protein
encoded by the gene located on chromosome 7p11 [1, 2]. It
is expressed in developing epithelium, muscle, and placenta
during the early stages of embryogenesis. It is required for
the migration of cells forming the roof plate of the neural
tube which suggests that IMP3 may play an important role
in promoting cell migration [1, 2]. Moreover, IMP3 has
gained considerable interest as a cancer-associated protein
as it has been reported in a variety of human malignancies
and has been linked to advanced disease stage and adverse
clinical outcomes [1–6]. These data indicate that it may
represent a valuable prognostic marker in human cancer.
One of the signs of aggressive biological behaviour of ma-
lignant tumors is a high proliferative activity of neoplastic

cells. The Ki-67 antigen is widely used in routine patho-
logical investigation as a proliferation marker [7]. It is
a nonhistone nuclear protein that is expressed during active
phases of the cell cycle (G1, S, G2, and mitotic phase),
being absent in the quiescent phase [7]. Immunohistochem-
ical assessment of nuclear Ki-67 staining (the Ki-67 index)
in cells provides a quantitative measure of their prolifera-
tion status, and it belongs to basic prognostic indicators in
the biopsy reports [7].

The aim of this study was to evaluate an immuno-
histochemical expression status of IMP3 in a set of cuta-
neous basal cell carcinomas (BCC) and to correlate it with
the Ki-67 index values. It was hypothesized that more pro-
nounced expression of IMP3 might be related to higher
proliferation of tumor cells.

Materials and Methods
Representative biopsy specimens from 32 cases of pri-
mary BCC of the skin were enrolled into this analysis.
They were obtained from 29 patients (16 males, 13 fe-
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males) in the age range of 37–93 years (mean age - 69.0
years). The BCC samples included three histopatholog-
ical subtypes: superficial (7 cases), nodular (18 cases),
and mixed nodular-infiltrative (7 cases). According to
previous articles [8, 9], for further analysis, they were
divided into two separate subgroups: the first one con-
sisted of twenty-five non-aggressive (indolent) BCC sub-
types (superficial & nodular); the latter included seven
aggressive BCCs with focal infiltrative growth pattern (i.e.,
the nodular-infiltrative subtype). The topographic loca-
tions of the lesions were as follows: head & neck (17
cases), trunk (10 cases), upper/lower extremities (5 cases).
Biopsy samples were routinely processed and all were
simultaneously stained for IMP3 (Monoclonal Mouse Anti-
Human Antibody, Clone 69.1, DAKO, Ready-to-Use) and
Ki-67 antigen (Monoclonal Mouse Anti-Human Antibody,
Clone MIB1, DAKO, Ready-to-Use) according to manufac-
turer’s instructions. The immunohistochemical results con-
cerning IMP3 were interpreted by a four-tiered semiquan-
titative scoring system adopted from a previous study [2].
Cytoplasmic expression was evaluated by staining inten-
sity (0, 1+, 2+, and 3+), and the average relative fraction
of positive tumor cells was determined as a percentage.
A final score was built from these two parameters accord-
ing to the criteria described in Table 1 [2]. The Ki-67
proliferation index was calculated as a mean percentage
of Ki-67 immunoreactive neoplastic cells within the tu-
mor tissue. Based on a previous study [10], tumors were
scored as follows: 0–5% of reactive cells (negative), 6–
25% of reactive cells (1+), 26–50% of reactive cells (2+),
51–75% of reactive cells (3+), and > 75% of reactive
cells (4+). “High” labeling encompassed 3+ or 4+ grades,
while “low” labeling referred to 1+ or 2+ grades [10].
Data were collected in a databank, using a R software
( https://www.r-project.org/ ). The Fisher’s exact test was
employed and a p-value of < 0.05 was considered statisti-
cally significant.

Table 1. Semiquantitative scoring system for IMP3
expression used in the present study [2].

Score Value (Staining Intensity)
Negative 0 and 1+ in ≤ 10% of tumor cells

Weak 1+ in >10% and ≤ 70% of tumor cells, or
2+ in ≤ 30% of tumor cells

Moderate
1+ in >70% of tumor cells, or
2+ in >30% and ≤ 70% of tumor cells, or
3+ in ≤ 30% of tumor cells

Strong 2+ in >70% of tumor cells, or
3+ in >30% of tumor cells

Results
IMP3 showed mixed cytoplasmic and membranous staining
in epithelial neoplastic cells. Overall, there were 5 (15.6%)
negative cases, 11 (34.4%) cases with a weak expression,
11 (34.4%) cases with a moderate expression, and 5 (15.6%)
cases with a strong expression. IMP3-positive tumor cells
were mostly unevenly distributed within the tumor tissue

where areas containing a high number of reactive cells of-
ten occured adjacent to areas with a minimal amount (or
none) of immunolabeled cells. With regards to the histo-
logic subtype, among seven BCCs exhibiting aggressive-
growth features (the nodular-infiltrative subtype), all but
one showed a weak expression (an infiltrative component
was usually negative) and the remaining one showed a mod-
erate expression. In contrast, all five BCCs manifesting
strong IMP3 positivity consisted of the indolent-growth his-
tologic subtypes (superficial and nodular) (Table 2). These
data could not be statistically verified due to a small num-
ber of cases but BCCs with infiltrative histomorphology
did not appear to have a tendency towards more striking
production of IMP3. In normal skin, IMP3 showed vari-
able immunoreactivity in the inner root sheath of the hair
follicles. All other structures were negative.

Table 2. IMP3 status of basal cell carcinomas in relation
to the histologic subtype.

IMP3 status N Histologic subtypes

Negative 5 Superficial 3/5 (60%)
Nodular 2/5 (40%)

Weak
expression 11

Superficial 1/11 (9.1%)
Nodular 4/11 (36.4%)
Nodular-infiltrative 6/11 (54.5%)

Moderate
expression 11

Superficial 2/11 (18.2%)
Nodular 8/11 (72.7%)
Nodular-infiltrative 1/11 (9.1%)

Strong
expression 5 Superficial 1/5 (20%)

Nodular 4/5 (80%)

The Ki-67 antigen exhibited strong nuclear immunore-
activity ranging from 15% to 100% of cancer cells (mean
value of 39.0%).

When the expression status of IMP3 and the Ki-67
index of tumor cells (Table 3) were compared, BCCs mani-
festing more striking IMP3 staining did not appear to have
a tendency towards higher cell proliferation (p > 0.05)
(Fig. 1).

Table 3. IMP3 status of basal cell carcinomas in relation
to the Ki-67 proliferation index.

IMP3 status N Ki-67 proliferation index

Negative 5 Index ≤ 50% 4/5 (80%)
Index >50% 1/5 (20%)

Weak
expression 11 Index ≤ 50% 8/11 (72.7%)

Index >50% 3/11 (27.3%)
Moderate
expression 11 Index ≤ 50% 8/11 (72.7%)

Index >50% 3/11 (27.3%)
Strong

expression 5 Index ≤ 50% 5/5 (100%)
Index >50% 0/5 (0%)

Representative cases of IMP3 and corresponding Ki-67
antigen expression in the tumor tissue are presented in
Fig. 2–6.
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Figure 1. Bar plot of IMP3 and Ki-67.

Figure 2. Strong cytoplasmic expression of IMP3 in
nodular basal cell carcinoma. Adjacent epidermis is

negative (Magnification - 20x).

Figure 3. Strong cytoplasmic expression of IMP3 in
superficial basal cell carcinoma. Overlying epidermis is

negative (Magnification - 20x).

Figure 4. Marked nuclear expresion of the Ki-67 antigen
(100%, grade 4+) in superficial basal cell carcinoma

(the case corresponds to Fig. 3) (Magnification - 20x).

Figure 5. Lack of IMP3 staining in infiltrative basal cell
carcinoma (Magnification - 20x).

Figure 6. Marked nuclear expression of the Ki-67
antigen (80%, grade 4+) in infiltrative basal cell carcinoma

(the case corresponds to Fig. 4) (Magnification - 20x).
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Discussion
BCC of the skin is the most common malignancy in hu-
mans, being responsible for 70-80% of all skin malignant
neoplasias [8–11]. It possess some unique features, such
as locally invasive growth with almost total absence of
metastases and very low mortality rates. Although it gen-
erally pursues a favourable clinical course, it may invade
into the deep tissue structures, causing local destruction,
if improperly managed or untreated [8–11]. Cutaneous
BCCs are classified into either indolent-growth category
(the superficial and nodular subtypes) or aggressive-growth
category (the infiltrative, morpheaform, metatypical, and
micronodular subtypes) [8, 9]. Various molecular markers
have been studied in cutaneous BCCs; however, it is still
not clearly understood, which of them are directly responsi-
ble for aggressive tumor behaviour, and conversely, which
ones potentially prevent cancer cell metastasis [8].

IMP3, as already mentioned, is a cytoplasmic marker
found in many malignancies [1, 2]. Since it shows a ten-
dency towards higher expression in more aggressive neo-
plasms, it has been considered as a promising prognostic
indicator [1–6]. However, while the number of studies sug-
gesting the biological and clinical relevance of IMP3 is
increasing, there is also a rising number of papers revealing
apparent discrepancies with respect to the frequency of
expression in some types of cancer [2]. Such discrepancies
must have been related to using different antibody clones,
staining protocols, and scoring criteria [2].

In cutaneous malignancies, IMP3 has been well-studied
in melanoma. Many authors have demonstrated [12–15]
that the expression of IMP3 is useful for diagnosis of
melanoma (most melanomas are positive, while melanocytic
nevi are usually negative), as well as is related to disease
progression and predicts poor outcome.

This paper described the immunohistochemical expres-
sion status of IMP3 in a panel of 32 human BCCs of
the skin. As pointed above, the expression of this marker
was detected in 84.4% of cases. To the best of the author’s
knowledge, only one study on the analysis of IMP3 in cu-
taneous BCC has been published until now [2]. In that
paper [2], a total of 39 BCC cases were investigated: only
21% of them were IMP3-positive (weak positivity – 8%;
moderate positivity – 8%; strong positivity – 5%). That
finding contradicted with our research in which the percent-
age of IMP3-positive BCCs was much higher. Regarding
the fact that normal epidermis was constantly negative for
IMP3, there is no doubt, this oncoprotein is implicated in
BCC development and carcinogenesis. However, our pre-
liminary observations suggest that more pronounced IMP3
reactivity in neoplastic cells does not seem to directly con-
tribute to the acqusition of more aggressive phenotype in
this malignancy. Since we do not have an opportunity to
compare our results with other papers, they require con-
firmation by other investigators. Further research might
be useful to elucidate the mechanism and role of IMP3 in
BCC biology and the current study may provide the basis
for them.

Conclusions
The vast majority of cutaneous BCCs express IMP3, sug-
gesting this oncoprotein is implicated in BCC carcinogen-
esis. However, more striking IMP3 expression does not
appear to be associated with aggressive-growth phenotype
of BCC or higher proliferative activity of neoplastic cells.
Our findings indicate that immunohistochemical investiga-
tion of IMP3 may not be of diagnostic utility in predicting
biological behavior of cutaneous BCC in daily biopsy prac-
tice.
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[9] Bartoš V, Kullová M. Basal cell carcinoma of the
skin with mixed histomorphology: a comparative
study. Cesk Patol. 2016;52(4):222-226. Available
from: https://pubmed.ncbi.nlm.nih.gov/27869450/

[10] Mateoiu C, Pirici A, Bogdan FL. Immunohis-
tochemical nuclear staining for p53, PCNA,
Ki-67 and bcl-2 in different histologic vari-
ants of basal cell carcinoma. Rom J Morphol
Embryol. 2011;52(1):315-319. Available from:
https://pubmed.ncbi.nlm.nih.gov/21424069/

[11] Tanese K. Diagnosis and management of basal
cell carcinoma. Current Treatment Options
in Oncology. 2019;20(2):13. Available from:
https://doi.org/10.1007/s11864-019-0610-0

[12] Sheen Y-S, Liao Y-H, Lin M-H, Chu C-Y, Ho
B-Y, Hsieh M-C, et al. IMP-3 promotes migra-
tion and invasion of melanoma cells by modulat-
ing the expression of HMGA2 and predicts poor
prognosis in melanoma. Journal of Investigative Der-
matology. 2015;135(4):1065–1073. Available from:
https://doi.org/10.1038/jid.2014.480

[13] Ramirez-Moreno E, Lozano-Lozano M, O’Valle
Ravassa F, Ramirez-Tortosa C, Ruiz-Villaverde R.
Expression of IMP3 in a retrospective cohort of
melanomas with selective lymph node biopsy. Derma-
tologic Therapy. 2020;33(6):e14413. Available from:
https://doi.org/10.1111/dth.14413

[14] Yu L, Xu H, Wasco MJ, Bourne PA, Ma L. IMP-3
expression in melanocytic lesions. Journal of Cuta-
neous Pathology. 2010;37(3):316–322. Available from:
https://doi.org/10.1111/j.1600-0560.2009.01428.x

[15] Pryor JG, Bourne PA, Yang Q, Spaulding BO,
Scott GA, Xu H. IMP-3 is a novel progres-
sion marker in malignant melanoma. Modern
Pathology. 2008;21(4):431–437. Available from:
https://doi.org/10.1038/modpathol.3801016

Received: 2022-04-17

Revision Requested: 2022-05-16

Revision Received: 2022-05-20

Accepted: 2022-05-25

https://doi.org/10.1097/MD.0000000000019091
https://doi.org/10.1016/j.cca.2019.01.011
https://pubmed.ncbi.nlm.nih.gov/21542271/
https://pubmed.ncbi.nlm.nih.gov/27869450/
https://pubmed.ncbi.nlm.nih.gov/21424069/
https://doi.org/10.1007/s11864-019-0610-0
https://doi.org/10.1038/jid.2014.480
https://doi.org/10.1111/dth.14413
https://doi.org/10.1111/j.1600-0560.2009.01428.x
https://doi.org/10.1038/modpathol.3801016

