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Abstract
Background—The heterogeneous nuclear ribonucleoprotein (hnRNP) K is an essential RNA and
DNA binding protein involved in gene expression and signal transduction. The role of hnRNP K in
cancer is relatively understudied. However, several cellular functions strongly indicate that hnRNP
K is involved in tumorigenesis. Oncogenes c-Src, c-myc, and eIF4E are regulated by hnRNP K. We
have shown an increased cytoplasmic hnRNP K in pancreatic cancer. In the present study, we
investigated the altered expression of hnRNP K protein and its correlation with p-ERK in melanoma
using human melanoma cell lines and tissue microarray.

Materials and Methods—The protein levels of hnRNP K and p-ERK in 8 human melanoma cell
lines and a melanoma progression tissue microarray containing 80 melanoma, 23 dysplastic nevi,
and 14 benign nevi specimens were analyzed using Western blot and immunohistochemistry analysis.
hnRNP K was knocked down by siRNA, and its effect on melanoma cells was assessed.

Results—We showed a higher hnRNP K protein level in both melanoma cell lines and melanoma
tissue specimens, which correlated with a higher c-myc expression. An increase in the cytoplasmic
hnRNP K and eIF4E protein levels in melanoma cells is also seen. p-ERK level was also higher in
dysplastic nevi and melanoma tissues, but did not correlate with hnRNP K protein level. We then
demonstrated that knocking down of hnRNP K by siRNA inhibited melanoma cell growth and colony
formation, as well as c-myc expression.

Conclusions—hnRNP K expression correlated with melanoma and may play a role in melanoma
tumorigenesis.

The heterogeneous nuclear ribonucleoprotein (hnRNP) K, a component of the hnRNP complex,
is an essential RNA and DNA binding protein. Genetic studies in C. elegans and metazoans
reveal that hnRNP K deletion is embryonic lethal.1 The three KH domains of hnRNP K protein
are almost completely conserved between X. Laevis and mammals and are well conserved in
fly, nematode, and yeast.1 hnRNP K protein is found in several subcellular compartments
where it is thought to be involved in multiple processes that comprise gene expression.2 The
hnRNP K protein interacts with many different molecules involved in gene expression and
signal transduction including chromosome remodeling, DNA transcription, RNA processing,
RNA splicing, RNA stability, and translation.3
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The role of hnRNP K in cancer is relatively understudied. However, several cellular functions
strongly indicate that hnRNP K is involved in tumorigenesis. Firstly, the expression of many
genes involved in tumorigenesis is regulated by hnRNP K, such as oncogenes c-Src, eIF4E,
and c-myc.4,5 hnRNP K was shown to bind a core polypyrimidine element in the eIF4E
promoter and positively regulate its transcription.4 Overexpression of hnRNP K increases
translation initiation, cell division, and neoplastic transformation in an eIF4E-dependent
manner.4 Oncogene c-myc is an important transcription factor that regulates the expression of
many essential genes involved in tumorigenesis. hnRNP K protein binds to the CT element
present within the c-myc P1 promoter.6 Overexpression of hnRNP K protein increases the
activity of the c-myc gene promoter, an effect that is enhanced when hnRNP K is coexpressed
with the TFIID TATA box-binding protein (TBP).7 In addition, hnRNP K binds and activates
the c-src promoter in cooperation with the transcription factor Sp1.8 Secondly, hnRNP K was
identified as a member of the p53/HDM2 pathway.9 hnRNP K is a HDM2 target and plays key
roles in coordinating transcriptional responses to DNA damage by serving as a cofactor for
p53. Other important observations implicating the tumorigenic role of hnRNP K include that
hnRNP K can be regulated by many oncogenic kinases. Phosphorylation of hnRNP K by proto-
oncogene c-Src leads to the removal of hnRNP K from the differentiation control element
(DICE) and the relief of the translational silencing.1 Interestingly, the activation of the Ras/
Raf/MEK/ERK pathway results in cytoplasmic accumulation of hnRNP K and regulation of
translation.10 Therefore, hnRNP K plays an essential role in tumorigenesis. However, no one
has studied the direct important role of hnRNP K in human melanoma.

Recently, hnRNP K was found to be upregulated in many cancers including colorectal, prostate,
hepatic, esophageal, breast cancer, and leukemia.11–16 Our group found that the cytoplasmic
hnRNP K is increased in pancreatic cancer and knockdown of hnRNP K inhibited pancreatic
cancer cell growth and colony formation.17 Interestingly, the increased cytoplasmic
localization is also observed in colorectal cancer.18 Overexpression of hnRNP K can transform
cells, enhance passage through G1 phase, and increase global translation.4 These findings
further support that hnRNP K has oncogenic potential.

In the present studies, we have investigated the altered expression of hnRNP K protein and its
correlation with p-ERK in melanoma. We also examined the effect of knocking down of hnRNP
K on melanoma cell growth and colony formation.

Materials and Methods
Cell Culture and Tissue Specimens

Mel-STV cell line is an immortalized normal melanocyte cell line. It is a gift from Dr. Robert
Weinberg (Whitehead Institute for Biomedical Research, Cambridge, MA) and was cultured
in DMEM supplemented with 10% fetal bovine serum (Omega Scientific, Inc., Tarzana, CA).
19 A375, UACC647, UACC903, UACC1460, UACC2565, UACC1227, UACC827, and
UACC612 human melanoma cell lines, primary human fibroblasts, and normal primary
melanocytes were obtained from American Type Culture Collection (ATCC, Manassas, VA).
These cells were cultured at 37°C with 5% CO2 in RPMI 1640 medium (Mediatech, Inc.,
Herndon, VA), supplemented with 10% FBS, 1% L-glutamine and 1% penicillin/streptomycin
(Invitrogen). All transfections were carried out using LipofectAMINE 2000 (Invitrogen)
according to the manufacturer's instructions. Collection of melanoma specimens was approved
by the Institutional Review Board of Human Subjects of University of Arizona.

Tissue Microarray and Immunohistochemistry Analysis
Human melanoma progression tissue microarray (TMA) was obtained from Dr. Galen
Hostetter (Translational Genomics Research Institute (TGen), Phoenix, AZ).
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Immunohistochemistry (IHC) was performed using the hnRNP K antibody (1:1000) and p-
ERK antibody (1:1000) as described previously except that we used NovaRED substrate
(Vector Lab., Burlingame, CA) instead of DAB substrate for p-ERK IHC.20 The TMA IHC
was evaluated by light microscopic examination, and the intensity of immunostaining in each
core was assessed by 2 pathologists (AB and FL) using the scoring system described. The
intensity of immunostaining in each core was graded as negative = zero, weak = 1, moderate
= 2, or strong = 3.21 The proportion of cells staining positively was also assessed as percentage.
The score was then calculated as the numbers representing intensity times the percentage of
cells stained (Score = Intensity × % of positive cells).20

Cell Fractionation
Cytoplasm, nucleus, membrane, and cytoskeleton fractionations were performed using the
Compartment Protein Extraction Kit (Millipore, Billerica, MA) following the manufacturer's
instruction. Cytoplasm and nucleus fractionation were performed as previously described by
our group.22

Knockdown of Endogenous hnRNP K by siRNA, Cell Growth and Colony Formation Assay
Predesigned hnRNP K siRNA (Eurogentec, San Diego, CA) or negative control siRNA
(Mission siRNA Universal Negative Control No. 1, Sigma–Aldrich, St. Louis, MO) were
transfected into A375 or primary human fibroblast cells using Lipofectamine 2000
(Invitrogen). For hnRNP K siRNA, two predesigned oligonucleotides 5′ ggaacaagcauuuaaaaga
3′ and 5′ ucuuuuaaaugcuuguucc 3′were synthesized and annealed according to the
manufacturer's protocol. Cells were harvested 48 h after transfection. Cells were lysed and
Western blot was performed as previously described.23 For cell growth assay, 24 h after
transfection, 2 × 104 cells were seeded into 100-mm plates in triplicate, and cell growth was
monitored by counting total cell numbers every 2 or 3 days as described previously by our
group.23 For colony formation assay, 24 h after transfection, 1000 cells were seeded into 100-
mm plates in triplicate and incubated for 2 weeks to allow colony formation. Then the media
were removed and colonies were stained with methylene blue solution (50% methanol and
0.5% methylene blue) at room temperature for 5 min. The plates were rinsed with water, and
colony number was counted.

Western Blot Analysis
Western blot was performed as previously described.24 α-tubulin monoclonal antibody was
purchased from Oncogene Research Product (Gibbstown, NJ). Monoclonal hnRNP K antibody
was purchased from Sigma–Aldrich (St. Louis, MO). c-myc and eIF4E antibodies were
purchased from Santa Cruz Biotechnology (Santa Cruz, CA). p-ERK and ERK1/2 antibodies
were purchased from Cell Signaling (Danvers, MA). The intensities of the bands were
quantified using ImageJ software (NIH) and normalized to α-tubulin.

Statistical Analysis
All data are reported as mean ± standard deviation (SD). When appropriate, differences
between two groups were compared using the t test. Correlation assay was used to correlate
hnRNP K and p-ERK level. Differences were considered significant at P < 0.05.

Results
Higher hnRNP K Expression in Human Melanoma Cells

To evaluate hnRNP K protein expression in melanoma cell lines, we performed Western blot
analysis in 8 melanoma cell lines using hnRNP K antibody. Compared with normal primary
melanocytes and fibroblasts, hnRNP K protein expression is significantly higher in all of the
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melanoma cell lines (Fig. 1). To examine if higher hnRNP K protein level correlates with higher
protein levels of 2 of the important oncogenes regulated by hnRNP K, the membrane was
stripped and immunoblotted with eIF4E and c-myc antibodies. The intensities of the bands
were quantified and normalized to tubulin. As expected, c-myc expression was higher in all of
the melanoma cell lines (Fig. 1). However, eIF4E expressions were lower in most of the
melanoma cell lines compared to normal melanocytes (Fig. 1). Because the MAPK pathway
is often constitutively activated in melanoma, we examined p-ERK and total ERK level in these
cell lines to see if they correlate with hnRNP K expression. To our surprise, p-ERK level is
lower in 7 of 8 melanoma cell lines compared with normal melanocytes (Fig. 1). Total ERK
is higher in 4 of 8 and lower in 3 of 8 melanoma cell lines compared with normal melanocytes
(Fig. 1). Interestingly, p-ERK levels in 2 melanoma cell lines (A375 and UACC903) that were
known to have B-Raf mutation were not higher than normal melanocytes. Therefore, we did
not see a correlation between hnRNP K expression and MAPK activation in these melanoma
cell lines.

To confirm the higher hnRNP K protein level in human melanoma tissues, we obtained human
melanoma progression tissue microarrays (TMA) from Dr. Galen Hostetter (Translational
Genomics Research Institute (TGen), Phoenix, AZ). The detailed tissue information can be
found in the Supplemental Table 1. hnRNP K protein expression was analyzed by
immunohistochemistry (IHC) using hnRNP K antibody. The mean score of the hnRNP K
protein expression in dysplastic nevi and melanoma tissues was significantly higher compared
with benign nevi tissues (P < 0.05, Table 1; Fig. 2a).

We have reported that there is a higher cytoplasmic fraction of hnRNP K in pancreatic cancer.
25 To investigate whether there is also a higher protein level of hnRNP K in the cytoplasms of
melanoma cell lines, subcellular fractionation followed by immunoblot analysis was performed
using hnRNP K antibody (Fig. 2b). A significant amount of hnRNP K protein was localized
to the cytoplasmic fraction of the A375 melanoma cells. In contrast, in the immortalized
“normal” human melanocytes (Mel-STV), hnRNP K protein level was very low in the
cytoplasmic fraction (Fig. 2b).19 This higher cytoplasmic distribution of hnRNP K in
melanoma cells is similar to our previous observation in pancreatic cancer cells.25 We also
assessed the subcellular localizations of eIF4E and c-myc. Interestingly, eIF4E was mostly
translocated to cytoplasm in melanoma cells (Fig. 2b, second panel). eIF4E was suggested to
promote translation in the cytoplasm of tumor cells. c-myc was only detected in the nucleus
of A375 melanoma cells (Fig. 2b).

Because MAPK pathway is often constitutively activated in melanoma, we examined p-ERK
level in the same TMA tissue specimens and performed a correlation analysis with the hnRNP
K protein level. The p-ERK levels in dysplastic nevi and melanoma tissues are significantly
higher compared with benign nevi tissues (P < 0.05, Table 1; Fig. 3a). However, the hnRNP
K protein level does not correlate with p-ERK level in these tissues (Table 1; Fig. 3b). To
further investigate whether activated MAPK contributes to the cytoplasmic accumulation of
hnRNP K or eIF4E, we treated A375 melanoma cells with MEK inhibitor U0126 and ask if
this will decrease the accumulation of hnRNP K or eIF4E in the cytoplasm.10 Consistent with
our previous data, inhibition of p-ERK did not block the cytoplasmic accumulation of hnRNP
K and eIF4E (Fig. 3c). Our data suggested that MAPK pathway did not contribute to the
cytoplasmic translocation of hnRNP K and eIF4E in this melanoma cell line.

To evaluate if hnRNP K expression correlates with known prognostic variables in melanoma,
we gathered pathological information of the melanoma tissues on the TMA and performed
statistical analysis. hnRNP K expression level seems to correlate with satellitosis (P < 0.05)
(Table 2). Tumors that have satellitosis appear to have higher hnRNP K expression. There is
a trend that tumors with ulceration, tumor-infiltrating lymphocytes (TIL), regression, and high
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mitotic rate (> 6/mm2) have higher hnRNP K expression (Table 2). However, it is not
statistically significant (P > 0.05). There is no correlation between hnRNP K expression and
tumor thickness or TNM stage (Supplemental Fig. 1).

Knockdown of Endogenous hnRNP K by siRNA Inhibited Melanoma Cell Growth and Colony
Formation

To determine the role of the endogenous hnRNP K protein in melanoma cell growth and colony
formation, predesigned hnRNP K siRNA or negative control siRNAs were transfected into
A375 melanoma cells. Endogenous hnRNP K protein levels were efficiently and specifically
reduced at 72 h after transfection as was determined by Western blot analysis (Fig. 4a). c-myc
protein was decreased in hnRNP K knockdown cells. Interestingly, eIF4E protein was reversely
increased in hnRNP K knockdown cells (Fig. 4a). To examine the effect of hnRNP K silencing
on tumor cell growth, we seeded the same number of indicated cells in the plates and counted
total cell numbers every 2 or 3 days. Knockdown of hnRNP K significantly inhibited melanoma
cell growth compared with control RNAi cells in A375 cells after day 5 (Fig. 4b). We further
compared the ability of this cell line to form colonies. Consistent with our cell growth data,
hnRNP K-knockdown cells formed significantly fewer colonies than control RNAi cells (Fig.
4c). To examine if this effect is also true in normal cells, we performed the same experiments
in primary human fibroblasts. These cells are primary normal cells and can be effectively
transfected and grow compared with primary normal melanocytes. hnRNP K silencing slightly
and transiently reduced cell growth, but cell growth was recovered to the control level by day
7 (Fig. 4d). The total colony formation was much lower than tumor cells, but hnRNP K silencing
reduced colony number compared with control RNAi cells (Fig. 4e). These data suggested that
hnRNP K plays an important role in cell growth and proliferation.

Discussion
The hnRNP family members play important roles in DNA repair, chromosome remodeling,
telomere biogenesis, cell signaling, and gene expression at both transcriptional and
translational levels. Aberrant expression of individual hnRNP members in different tumor
tissues supports the hypothesis that the hnRNPs are involved in tumorigenesis. However, their
essential roles in tumor development and progression are largely underexplored. hnRNP K
protein expression has been shown to increase in lung and liver cancers.13,26 Nagano et al.
showed that hnRNP K was upregulated in an immortalized prostate cancer cell line; however,
it was not reported whether the same was true in cancer tissues of the prostate.11 Our group
has shown that hnRNP K was upregulated in pancreatic cancer.25 Here we reported for the first
time that hnRNP K protein expression is significantly higher in melanoma cell lines and tissues.
We also demonstrated that the silencing of hnRNP K resulted in decreased tumor cell
proliferation and colony formation. Cellular localization of hnRNPs has been shown to be
altered in cancer tissues, as is the case with hnRNP D in mouse neoplastic lung tissue.27 This
is especially relevant because certain hnRNPs have important roles in mRNA nuclear-
cytoplasmic shuttling. An increased cytoplasmic localization of hnRNP K has been observed
in colorectal cancer and pancreatic cancer.18,25 Herein we have shown for the first time that
an increased cytoplasmic localization of hnRNP K in melanoma cell lines.

hnRNP members have been identified as transcription factors with hnRNP K being the most
extensively studied. Transcription factors can either be activators or repressors of gene
expression. hnRNP K has been shown to bind double- or single-stranded DNA in the promoter
regions of human proto-oncogenes c-Src, eIF4E, and c-myc in a sequence-specific manner.4,
7,8 Expression of egr-1 is associated with the transient recruitment of hnRNP K to the promoter
and transcribed regions.28 Furthermore, in vitro, hnRNP K was able to stimulate transcription
and interact with the TATA binding protein (TBP).7 Therefore, hnRNP K appears to be a
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transcription activator, but it has also been documented as a functional repressor. hnRNP K
was shown to interact with C/EBP-β, which repressed C/EBP-β transcriptional activation.29

hnRNP K has also been shown to mediate translation of c-myc mRNA by activating the IRES.
30 Mutated c-myc IRES found prevalently in patients with multiple myeloma bound hnRNP
K more efficiently in vitro and was translated to a greater extent by hnRNP K in vivo. These
observations suggest a possible mechanism by which hnRNP K contributes to multiple
myeloma by increasing translation of the oncogene c-myc. In the present study, we
demonstrated that an increased c-myc expression is correlated with the increased hnRNP K
expression in melanoma cell lines (Fig. 1).

eIF4E has an important role in cellular proliferation and is overexpressed in several tumors
including head and neck, breast cancers, colon, lung, lymphoma, and bladder.4 hnRNP K was
shown to bind to a promoter element in the eIF4E gene, resulting in increased transcription.
eIF4E transcription was augmented if both c-myc and hnRNP K was overexpressed.4 However,
this is not the case in our melanoma cell line. We saw an almost reverse correlation between
hnRNP K/c-myc expression and eIF4E expression. This controversial observation may be
caused by the different tumor type we study and regulation by other undetermined signaling
pathways that are unique to melanoma. However, we observed a consistent cytoplasmic
translocation of eIF4E in both melanoma and pancreatic cancer cells, suggesting an increased
cytoplasmic translation in tumor cells.25 Interestingly, there is also an increased hnRNP K in
the cytoplasm of tumor cells. The MAPK pathway has been shown to phosphorylate eIF4E.
However, the MAPK pathway does not seem to play a role in the cytoplasmic translocation of
eIF4E.

N-Ras/B-Raf is activated in most melanoma cells. Activation of MAPK pathway can lead to
phosphorylation and cytoplasmic accumulation of hnRNP K in Hela cells and leukemia cells.
10,31 Whether this is also true in melanoma is unknown. Here we showed that the activation
of MAPK pathway does not seem to be the reason for higher expression and cytoplasmic
accumulation of hnRNP K protein in melanoma, because p-ERK level did not correlate with
hnRNP K level in melanoma cell lines and tissues and blocking MAPK activity did not decrease
the cytoplasmic accumulation of hnRNP K. Whether MAPK pathway regulates hnRNP K
expression is controversial. The only report by Notari et al. showed that inhibiting MAPK, but
not PI3 K, PKC, or PLCγ, decreased hnRNP K expression in leukemia cells.31 However,
overexpression of ERK1/2 did not increase hnRNP K expression.31 Exactly how hnRNP K
expression is regulated in other human cancers is not known. Our data suggested that MAPK
may not regulate hnRNP K expression or subcellular localization in melanoma cells. Further
investigation of alterations of the downstream transcription factors of ERK (Ets, Elk-1, Stat1/3,
MITF) in melanoma cells may explain the potential mechanisms. Besides ERK, hnRNP K can
be phosphorylated by JNK, PKC, Src, Lck, Lyn, and Fyn.1 It can also be regulated by
methylation and ubiquitination.32 Whether these signaling pathways regulate hnRNP K
localization or protein level needs further investigation.

Melanoma is the most aggressive form of skin cancer. Many genetic alterations in melanoma
have been identified. Chromosome region 9q21.32 was reported to be linked to familial
melanoma.33 hnRNP K is exactly localized to 9q21.32. This coincidence together with our
findings may point to an important oncogenic function of hnRNP K in melanoma. Besides Ras/
Raf/MEK/ERK and PI3 K pathways, CDKN2A (INK4A, ARF) deletion or mutation will in
turn impact on RB and p53 tumor suppressors.34 Interestingly, hnRNP K was identified as a
member of the p53/HDM2 pathway.9 We have also showed that hnRNP K interacts with mutant
p53.25 Therefore, altered p53 pathway in melanoma cells might explain hnRNP K alterations.
Other important alterations in melanoma are receptor tyrosine kinases including EGFR, c-
MET, and c-KIT.34 Upregulation of these tyrosine kinases can also activate the MAPK or PI3
K signaling pathways. Therefore, many genetic alterations in melanoma seem to interfere with
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these 2 signaling cascades, which may complicate the unique features of melanoma. Another
important gene amplified in melanoma is microphthalmia-associated transcription factor
(MITF), which is also downstream of ERK.35 Therefore, one reason for uncorrelated pERK
and hnRNP K expression may be the alteration of the downstream transcription factors of ERK
in melanoma. Melanoma has high heterogeneity. Identifying the key regulators of melanoma
is necessary for better understanding of this disease.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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FIG. 1.
Higher hnRNP K protein level in human melanoma cell lines. Primary fibroblast, primary
normal melanocytes, and 8 melanoma cell lines were grown at the log phase and harvested.
Western blot analysis was performed using hnRNP K, c-myc, eIF4E, p-ERK, ERK1/2, and α-
tubulin antibodies. The intensities of the bands were quantified using ImageJ software and
normalized to α-tubulin. The ratio to tubulin was indicated below each band. ERK1/2 was
measured as 1 band because of the close distance between these 2 bands
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FIG. 2.
a hnRNP K protein is increased in human dysplastic nevus and melanoma tissues. H&E staining
and immunohistochemistry was performed on a melanoma progression tissue microarray using
hnRNP K antibody. Representative H&E and immunohistochemistry analysis of the hnRNP
K protein in benign nevus, dysplastic nevus, and melanoma tissues were shown. Magnification:
400 ×. b Increased cytoplasmic hnRNP K protein in melanoma cells. Mel-STV (Mel) and A375
cells were fractionated, and Western blot analysis was performed using hnRNP K, eIF4E, c-
myc and α-tubulin antibodies. C cytoplasm, M membrane, N nucleus, S cytoskeleton
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FIG. 3.
a p-ERK level is higher in human dysplastic nevus and melanoma tissues.
Immunohistochemistry was performed on the same melanoma progression tissue microarray
using p-ERK antibody. Representative immunohistochemistry analysis of p-ERK in benign
nevus, dysplastic nevus, and melanoma tissues were shown. Magnification: 200 ×. b p-ERK
level does not correlate with hnRNP K protein level. The IHC scores of the hnRNP K protein
level and p-ERK level of the same tissue specimens were plotted against each other. c MEK
inhibitor did not decrease the accumulation of hnRNP K and eIF4E in the cytoplasm. A375
cells were treated with MEK inhibitor U0126 (10 μM) or vehicle control DMSO for 1 h and
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fractionated. Western blot analysis was performed using hnRNP K, eIF4E, p-ERK, ERK1/2,
and α-tubulin antibodies. C cytoplasm, N nucleus
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FIG. 4.
siRNA knock down of hnRNP K inhibited melanoma cell growth and colony formation. a
A375 melanoma cells were transfected with negative control (NC) or 50 nM or 100 nM of
hnRNP K siRNAs. Cells were harvested and lysed 48 h after transfection, followed by Western
blot analysis using hnRNP K, c-myc, eIF4E, and α-tubulin antibodies. b A375 cells were
transfected with 50 nM of negative control or hnRNP K siRNA. Then, 24 h after transfection,
2 × 104 cells were seeded into 100-mm plates in triplicate, and cell growth was monitored by
counting total cell numbers every 2 or 3 days; or c 1000 cells were seeded into 100-mm plates
in triplicate and incubated for 2 weeks to allow colony formation. Then media were removed,
and colonies were stained with methylene blue solution. The plates were rinsed with water,
and the colony number was counted. d, e Same experiments as described in b and c were
repeated in primary human fibroblasts
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TABLE 2

Correlation of hnRNP K expression scores with known prognostic variables in melanoma

Prognostic variables No. of cases hnRNP K score P value

+ −

Ulceration 21 2.59 ± 0.50 2.55 ± 0.52 0.88

High mitotic rate 18 2.80 ± 0.45 2.45 ± 0.51 0.19

Regression 20 2.57 ± 0.51 2.54 ± 0.52 0.94

Satellitosis 18 2.90 ± 0.17 2.41 ± 0.51 0.014

TIL 22 2.55 ± 0.50 2.53 ± 0.55 0.93

TIL tumor-infiltrating lymphocytes
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