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Abstract 
Background: Vicarious production of pituitary hormones by malignant tumors is a well-known phenomenon. Prolactin 
(PRL), human growth hormone (HGH), adrenocorticotropic hormone (ACTH) and alpha-melanocyte stimulating 
hormone (α-MSH) expression has been reported in malignant melanoma tumor cell lines. The present study examines the 
pattern of expression of the hormones ACTH, PRL and HGH in melanoma with regard to tumor growth and differentiation 
in relation to angiogenesis.  

Methods: During angiogenesis the tumor cells encircle a central vessel in layers to form a tumor-vascular-complex (TVC) 
with a central vessel and a mantle of 5 to 6 layers. Hormone expression is assessed by immunopositivity for PRL, HGH, 
and ACTH in the tumor-vascular complexes, on serial frozen and paraffin sections and subjected to statistical analysis 
(t-test or Mann-Whitney U- test).  

Results: As two layers accrue the tumor cells acquire PRL and HGH positivity and are associated with a wave of mitotic 
activity in these layers. Further addition of layers shows ACTH positivity in the outer layers in association with 
pigmentation.  

Discussion: There is a coordinated growth of melanoma cells around neovascular channels, the cell cycle of malignant 
melanocytes being orchestrated by the three pituitary hormones, PRL, HGH and ACTH. The expression of PRL and HGH 
is related to mitotic activity while ACTH and pigment indicate differentiated function. 
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1 Introduction 
Melanoma is a highly aggressive skin tumor that originates in the epidermis from melanocytes which arise from the neural 
crest cells during embryogenesis. The melanocytes form a UV-sensitive neural network in the skin [1]. They express 
melanocyte-stimulating hormone (MSH) and adrenocorticotropic hormone (ACTH) in response to UV exposure [2]. The 
fundamental role of MSH and corticotrophins has been established in the regulation of melanogenesis. Both prolactin 
(PRL) and growth hormone (GH) as well as ACTH are expressed by proliferating melanocytes and in response to UV 
exposure [3]. 
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Vicarious production of pituitary hormones by malignant tumors is a well-known phenomenon. PRL expression has been 
observed in malignant melanomas, where it has been suggested to act as a major local peptide growth promoter via 
autocrine/ paracrine mechanism [4]. This hormone is now recognised as a neurotrophic factor and a growth factor for many 
cell types in developing adult organisms. It promotes proliferation, differentiation, or survival depending on the 
physiological and cellular context [5]. One of the major targets of prolactin is the skin where it also stimulates skin 
melanocyte growth.  

Strong ACTH and αMSH expression has been reported in malignant melanoma tumor cell lines such as G-361 and DX-3, 
in response to external stress like UV exposure [6]. Intense and diffuse ACTH immunopositivity has been reported in 
samples of nodular melanoma, vertically growing acral lentiginous melanoma and superficial spreading melanoma as well 
as in metastatic lesions [7]. 

The present study, examines the presence of the hormones ACTH, PRL and HGH in various layers of tumor cells in three 
dimensional tumor vascular complexes (TVC) formed in relation to angiogenesis. Pigment varies according to the 
differentiation of the tumor cells [8]. This criterion has been used to demarcate differentiated and undifferentiated areas.  

2 Material and methods 
27 nodular melanomas in the vertical growth phase (VGP) were received from the Cancer Surgery Unit of Safdarjung 
Hospital, New Delhi, fixed in 10% formol glutaraldehyde for overnight cold fixation. Multiple blocks were taken for 
diagnosis. The tumors were archived after diagnosis, for further study. All tumors were banked tissues available without 
patient identifiers.  10 blocks were taken from both pigmented and amelanotic nodules in each tumor in proportion to the 
percentage pigment, which yielded equal numbers of pigmented and amelanotic nodules. The blocks were arranged in a 
grid in a chronologic sequence and in order of overall pigment levels as given in Figure 1. 5 µm thick serial paraffin and 
frozen sections of each block were subjected to immunohistochemistry for localization of ACTH, PRL and HGH by the 
avidin-biotin method using Dako Pat kits. (HMB-45, PRL, HGH, ACTH) [9-11]. As a negative control all slides included a 
serial section stained with no mAb. The same mAb were used simultaneously against known positive sections from human 
skin as positive controls. 

 

 

 

Figure 1. [a] Blocks taken from 
pigmented and amelanotic nodules 
arranged in a grid in chronological 
order, ‘a’ marks those with 
tumor/stroma interphase and 
angiogenesis. [b] Tumors arranged 
according to pigment levels graded 
from top-left to the bottom-right with 
blocks studied marked ‘a’.  

 

Four tumors showed uniformly high pigment which made it difficult to assess immunopositivity accurately; while 4 
showed uniformly amelanotic nodules with a diffuse pattern and very low or no positivity. These tumors were not used for 
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the present study. The remaining 19 tumors were composed of varying numbers of pigmented as well as amelanotic 
nodules.103 blocks from both pigmented and amelanotic nodules were included for the study to include the interphase 
between the tumor and surrounding stroma with active angiogenesis, as given in Figure 1. Hormone marker positivity was 
examined and compared in the Perivascular Mantle Zone (PMZ) of TVC formed during angiogenesis. The fully formed 
TVC was composed of a central neovascular channel surrounded by a mantle of 5 to 6 layers of tumor cells.  

The sequence of appearance of mAb positivity in tumor cell layers around the central vessel was recorded in a total of 870 
TVC. For the final analyses of global results of all tumors, ten random well formed TVCs with 5 to 6 layers in the mantle 
zone were studied in serial sections of the 103 blocks for each marker. The distribution pattern of hormone positivity, in 
relation to the central vessel was assessed, in a total of 1030 TVCs. The layers in each TVC were numbered from L1 to L5 
with layer L1 being closest to the vessel. Positivity for the hormones ACTH, PRL and HGH in each layer was marked out 
in Camera Lucida (CL) diagrams.  The percentage positivity in each layer was mapped onto an aggregate CL figure as well 
in graphs, to show the localization of each hormone in relation to the angiogenic central vessel. 

Cell counts 

Each TVC is composed of 240 to 250 cells in the mantle zone; the innermost layer 1 around the vessel has 15 to 20 cells; 
the outermost layer 5 is formed of 75 to 80 cells, the ratio being 1:5. The layers showing immunopositive cells were 
counted for each hormone and depicted in graphs. A positive cell count was done in the positive layers and the percentages 
of mAb positive cells have been compared and presented in graphs since the layers vary in cell number.  

3 Results 

3.1 TVC formation (Figure 2) 
As the neovascular channel enters the margin of the tumor initially a single layer of tumor cells surround the vessel. As 
further layers get added PRL positivity appears as the 2nd and 3rd layers form, closely associated with mitotic activity 
(Figure 2). As further layers add ACTH positivity appears as the outer most 4th and 5th layers are added on to form the 
TVC. Pigment is seen in the outermost layers and correlates with ACTH positivity. The mAb positivity as well as pigment 
and mitosis in the 1030 fully formed TVCs from all tumors studied are described below. There is no significant difference 
in layer positivity in melanotic and amelanotic nodules although the positive cell counts were very low in amelanotic 
areas. The histological pictures in Figures 2, 3 and 4 are from serial sections of the same tumor for appropriate comparison. 

 

 
Figure 2. Development of two to three layered TVC and 
PRL positivity. 
Sequential growth of the TVC from [a] angiogenic channel with 
early tumor cell interaction to [b] a single layer complex to [c] a 
2 to 3 layered one to show [d] the appearance of PRL positive 
cells in the 2nd and 3rd   layers. (mAbPRLX400)  

 

3.2 Hormone, pigment and mitosis in fully formed TVC 

3.2.1 Mitotic counts in TVCs (Figure 3 and 6) 
 



www.sciedu.ca/jst                                                                                                                   Journal of Solid Tumors, 2012, Vol. 2, No. 6 

Published by Sciedu Press                                                                                                                                                                                     39

3.2.1.1 Layers showing mitosis 
Mitosis is mainly concentrated in the layers L2 and L3. 903 TVCs out of 1030 (87.7%) showed mitotic figures in L2 and 
1022 TVCs out of 1030 (99.2%) showed mitotic figures in L3 show mitotic figures, and 21% TVCs (216/1030) had very 
occasional mitosis L4, L1 and L5. 

 

 

 

 

 
Figure 3. A comparison of PRL positivity and mitotic activity in 
a 2-3 layered TVC.  
[a] shows PRL positivity in the newly formed 2nd and 3rd layers. [b] 
The PRL positive cells have been highlighted. The outline of positive 
cells is shown for comparison. [c] Cells in mitosis are highlighted in 
grey with a comparative diagram. [d] Combined figure of PRL and 
mitotic figures to show the congruance. [e] A comparative graph 
comparing percent PRL positivity and mitosis in the three layers.  

 

3.2.1.2 Mitotic counts 
There are 12644 cells in mitosis out of 28896 cells (43.75%) in L2; 24185 cells out of 49056 cells (49.3%) in L3, compared 
to 1383 out of 13824 cells (10%) in L4. L1 and L2 do not show significant numbers of mitotic figures. 

3.2.2 PRL (Figure 4-6) 
 

 

 

 

 

 

 
 
Figure 4. Comparison of hormonal positivity in TVCs.  
[a] shows PRL positivity in layers 2 & 3 (mAbPRLX400); [b] shows 
HGH positivity in similar areas although scattered as compared to 
PRL (mAbHGHX100); [c] ACTH positivity is seen in the peripheral 
layers L4 and L5 of the TVC (mAbACTHX100). 
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3.2.2.1 Positivity in layers 
PRL positivity is high in layers L1, L2 and L3, highest being in L2 which shows 100% (all 1030 TVC) positivity while L1 
and L3 show 64.2% (661 of 1030 TVC) and 91.9% (947 of 1030 TVC) positivity respectively. PRL is low in L4 and L5 - 
TVCs showed 18% and 12.2% positivity (185 and 125 TVC) respectively. 

3.2.2.2 Positive cell counts 
The counts of immunopositive cells also reflect the same pattern. The cell counts in the PRL positive layers are: 
3839/10576 cells in L1 making up 36.3%; 14008/32963 that is 42.5% cells in L2; 39.8%, in L3 with 18092 out of 45456 
cells being positive; while only 592 out of 11839 cells (5%) show positivity in L4; and 3.8%, that is 382 out of 10006 cells 
are positive in L5. 

3.2.2.3 Statistical analysis 
The percentage of PRL was significantly higher (t = 11.90; p < 0.001) in Layers 2-3 (95.62 ±7.504) compared with that in 
Layers 4-5 (15.64 ± 14.65). [Mean: L2-3: 95.62; L4-5: 15.64. Std Dev: L2-3: 7.504; L4-5: 14.65]  

Cells in Layers 2-3 expressed significantly higher levels of PRL (MWU = 4.5; t=52.5, p = 0.026, median values = 22) 
compared to those in Layers 4-5 (median value = 2.1). [Mean: L2-3: 21.28; L4-5: 2.18. Std Dev: L2-3: 19.17; L4-5: 2.02] 

3.2.3 HGH (Figure 4-5) 
 
3.2.3.1 Positivity in layers 
The overall HGH positivity shows a pattern similar to PRL in the total number of 1030 TVCs with the highest expression 
being in L2 and L3. L2 shows 1025 positive TVCs (99.4%) and L3 showed 1027 positive TVC (99.6%). 560 TVC are 
positive in L1 (54.5%); while 275 TVC (26.7%) are positive in L4 and 229 (22.2%) in L5. 

3.2.3.2 Positive cell counts 
The maximum HGH positive cells are in the layers L2 and L3 - 48.6% (15941/32805 cells in L2 & 23957/49199 cells in 
L3). There are 3566 positive cells out of 8961 cells in L1 (39.8%). The immunopositive cells decreased to 32.8% 
(5773/17604 cells) in L4 and to 21.5% in L 5 (3921/18323). 

3.2.3.3 Statistical analysis 
The percentage of HGH was also significantly higher (MW-U = 0, t = 57; p = 0.002) in layers 2-3 (median values = 99.5) 
versus that in layers 4-5 (median values = 24.45). [Mean: L2-3: 99.5; L4-5: 24.45. Std Dev: L2-3: 0.447; L4-5: 24.89] 

However, there were no statistically significant differences in the levels of HGH (t = 1.3; p = 0.22) when cells within layers 
2-3 were compared with those in layers 4-5. [Mean: L2-3: 26.16; L4-5: 15.64. Std Dev: L2-3: 7.51; L4-5: 13.47] 

3.2.4 ACTH (Figure 4-6) 
 
3.2.4.1 Positivity in layers 
The overall expression of ACTH in the 1030 TVCs is as follows: the highest localization of ACTH is in L4 showing 788 
positive TVCs (76.5%), and in L5 showing 737 positive TVCs (71.5%). L1 shows 162 positive TVCs (15.7%), while L2 
has 254 positive TVCs (24.7%). 683 TVCs show positivity in L3, (66.6%). Thus in comparison with PRL and HGH, 
ACTH is higher in the outer layers and lower in the inner layers - L1, L2 and L3. 

3.2.4.2 Positive cell counts 
Immunopositive cells counted in the L1 shows 130 ACTH positive cells out of total 2593 cells (5%). L2 shows 25% cells 
positive for ACTH (2032/8128) while 39.1% are positive in L3 (12819/32787). In L4 32377 out of 50431 cells are positive 
for ACTH (64.2%). In comparison, the outer most layer L5 shows 61.6% positive cells (36319/58963).  
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Figure 5. Comparison of Hormone positivity 
in different layers of TVCs. 

Graph comparing the hormone positivity in 
different layers of all 1030 fully formed TVCs. 
PRL and HGH positivity is significantly higher in 
the 2nd and 3rd layers with high ACTH positivity 
in the 3rd, 4th and 5th layers of the TVCs. [a] 
Shows the positive layers while [b] shows the 
mAb positive cell counts.  

 

3.2.4.3 Statistical analysis 

L4-L5 expressed significantly higher positivity ACTH (t = -2.36; p = 0.04, mean - 46.53 ± 27.92) compared to that in 

L2-L3 (74.62 ± 8.40). ACTH positive cells within L2-L3 did not show statistically significant difference when compared 

with those in L4-L5 (t = 1.3; p = 0.22). [Mean: L2-3: 16.62; L4-5: 33.95. Std Dev: L2-3: 14.75; L4-5: 25.92] 

3.2.5 Pigment (Figure 6) 
 

 

 
 
Figure 6. Correlation of mitosis & PRL: 
pigment & ACTH.  
The close association between PRL/mitosis and 
ACTH/pigment is brought out in this comparative 
graph of the total number of  TVCs [a] PRL and 
mitosis are seen in nearly all of TVCs in the 2nd 
and 3rd layers, while pigment and ACTH peak in 
the 4th and 5th layers.  [b] Cell counts of mAb 
positive cells show a similar trend.  

 

3.2.5.1 Positive layers 

The cells of the TVCs show pigment in the outer layers while the inner layers show little pigment. Layers L1 and L2 do not 

show any pigment while L3 shows 7% pigment (72 TVC). In contrast layer L4 has 82% pigment (845 TVC) the greatest 

positivity being 98% (1009 TVCs) in L5.  

3.2.5.2 Positive cell counts 

Highest number of pigment positive cells are in L5 - 77.5% (62558 of 80720 cells). L4 shows pigment positivity in 33313 

of 54080 cells (61.6%) and 380 out of 3456 cells (11%) in L3. No pigment positive cells are seen in L1 and L2.  
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4 Discussion and conclusion 
PRL, HGH and ACTH are not the exclusive products of the pituitary. Ectopic production is commonly seen in several 

tumor types. It has been observed that PRL and HGH are produced by tongue tumors [12], and colorectal carcinoma  

cells [13]. Ectopically produced PRL may act as a major local growth promoter via autocrine and paracrine mechanisms. 

Similarly, there are roughly two types of ectopic ACTH syndrome (EAS): one associated with overt malignancies and the 

other with occult neoplasms. The prototype of the first condition is Cushing's syndrome sustained by small-cell lung 

cancer (SCLC), while bronchial carcinoid tumors are the most common occult sources of ACTH.  

Molecular studies have demonstrated that the carcinoid cells achieve a process of corticotroph differentiation being able to 

express the POMC gene and to process it correctly to release large amounts of intact ACTH. Conversely, SCLC processes 

POMC in an aberrant way releasing high concentrations of ACTH precursors and less intact ACTH in the circulation [14]. 

Carcinoid tumors have been reported in a wide range of organs but most commonly involve the lungs, bronchi, and 

gastrointestinal tract. They arise from neuroendocrine cells and are characterized by positive reactions to markers of 

neuroendocrine tissue, including neuron specific enolase and synaptophysin; and contain neurosecretory granules 

composed of hormones and biogenic amines e.g. serotonin [15]. 

The melanocyte is of neural crest origin and also behaves as one producing neurotransmitters and neurohormones. The 

melanocytes form a UV-sensitive neural network in the skin [1]. Both PRL and GH are expressed by proliferating 

melanocytes and in response to UV exposure [3]. Prolactin expression has been observed in malignant melanomas [4] where 

it may be acting as a major local peptide growth promoter via autocrine/paracrine mechanism. The expression of both PRL 

and its receptor in human cancer cell lines of diverse origin lends further support to its action as an autocrine/paracrine 

growth factor [16]. 

PRL, GH and placental lactogen are class I helical cytokines believed to have arisen from a common ancestral gene. 

Prolactin has a dual function - as a circulating hormone and as a cytokine. This understanding is based on PRL production 

and distinct regulation in extrapituitary sites, binding to membrane receptors of the cytokine receptor superfamily, and 

activation of signaling pathways that promote cell growth and survival. One of the major targets of prolactin is the skin 

where it also stimulates skin melanocyte growth. There is increasing evidence that PRL plays a role in several types of 

cancer in reproductive and non-reproductive tissues via local production or accumulation.  

The effects of PRL and GH are mediated through activation of the PRL receptor (PRLR), which belongs to the cytokine 

receptor superfamily [17]. Activation of PRLR initiates multiple kinase cascades, the most studied of which is the 

JAK-STAT pathway. Thus PRL induces transcription of members of Cyclin D family, which associate with CDKs 4 and 6 

in early G1 phase of the cell cycle leading to cell cycle progression and proliferation [5, 18]. Associated is an increase in 

cytosolic calcium concentrations with the progression through the cell cycle and exit from quiescence in early G1 phase, 

the G1/S transition and other checkpoints during S and M phases [19]. Physiological concentrations (0.5-5nM) of PRL 

result in an increase in the cytosolic free calcium concentration [Ca2+]  by stimulating Ca2+ entry (type I) and/ or inducing 

a mobilization of calcium ions stored in intracellular compartments (type II) [20]. Besides, there is a direct stimulation of 

calcium and voltage activated potassium channels [Kca] [21]. 

Melanocytes also express varying levels of MSH/ACTH in response to UV exposure in correlation with repigmentation 

and depigmentation as seen in the marginal zone in vitiligo [2]. MSH and ACTH are both derived from 

pro-opiomelanocortin hormone (POMC), a large precursor glycoprotein of MW 31000, via a series of enzymatic steps in a 

tissue-specific manner. Melanocytes contain the full machinery for POMC processing and generation of ACTH and 

α-MSH [22]. In this aspect, the melanocytes display a corticotrophin releasing hormone (CRH)-led system, organized 

similarly to that operating at the systemic level.  
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Melanocytes respond with enhanced production of cortisol and corticosterone, which is dependent on POMC activity. This 
is a part of the skin’s CRH/POMC system that fulfils analogous functions to the hypothalamic-pituitary-adrenal [HPA] 
stress axis [23-25]. Melanocytes respond to stress (UV) through production of stress hormones related to HPA axis by 
secretion of the POMC-derived MSH and ACTH peptides, which increase cutaneous melanin pigmentation. Pigment is, 
thus, the characteristic feature of a differentiated melanocyte [8]. 

In the present study, the above results have indicated a definite pattern of differentiation and progression around tumor 
neovascular channels. All three pituitary hormones were expressed by the proliferating melanoma cells. HGH and PRL are 
expressed in the inner three layers, predominantly in the 2nd and 3rd layers (Figure 1& Figure 2). These were the layers 
showing a large number of mitotic figures. Pigment and ACTH were typical for in the 4th and 5th layers, where few 
mitotic figures were observed (Figure 5).  

In the epidermal melanocytes all three hormones were expressed on UV exposure, their roles being difficult to define. In 
TVCs, a clear definition of the roles was evident. Taken together the results show that areas of proliferation and 
differentiation are clearly demarcated within the TVC, with proliferation being closer to the vessel and differentiation 
further from it. PRL and HGH were related to activation of the cell cycle as brought out by the presence of PRL/HGH 
positivity and mitotic figures in the 2nd and 3rd layer.  

Pigment, on the other hand, indicated differentiated function. ACTH positivity was associated with pigment in the 4th and 
5th layer (Figure 3 and 4). ACTH stimulates pigment production during UV exposure in the epidermis. Is there a possible 
source of UV in the lobule? Earlier observations on melanocyte dendricity in pigmented basal cell carcinomas and 
seborrheoic keratosis [26] have shown that mitotic cells are a source of biophoton emissions of UV during the separation of 
the DNA strands. This correlates with the presence of mitotic figures in the 2nd and 3rd layer and with expression of 
ACTH and pigment in the adjacent 4th and 5th layers (Figure 5). ACTH holds the cell in the S/G2 phase in which the 
melanocyte produces pigment [27, 28]. The absence of abundant mitosis in the outer layers reflects this function of ACTH on 
the melanocyte cell cycle. In TVC, ACTH/pigment expression limits or pauses the growth and enlargement of TVC at the 
5th or 6th layer. 

It is evident from the above observations that there is a coordinated growth of melanoma cells around neovascular 
channels, the cell cycle of primitive malignant melanocytes being orchestrated by the expression of the three pituitary 
hormones - PRL, HGH and ACTH. In the epidermis it is difficult to assign the different roles to each hormone while in the 
TVC the functions are clearly demarcated. PRL and HGH initiate a wave of mitotic activity releasing biophoton UV, while 
ACTH holds the cells in S/G2 phase with pigmentation. 

The above findings correlate with expression of neural markers as well as biogenic amines in the TVCs [29, 30, 31]. 
PRL/HGH positivity associated with mitosis, coincides with the appearance of indoleamines, the presence of melatonin 
indicating the effect of biophoton emissions during mitosis. Similarly, catecholamine positivity in the outer layers 
correlates with the S/G2 phase of the cell cycle, presence of ACTH and pigmentation.   
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