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ABSTRACT
Acute myeloid leukemia (AML) is characterized by the rapid proliferation of 

mutagenic hematopoietic progenitors in the bone marrow. Conventional therapies 
include chemotherapy and bone marrow stem cell transplantation; however, they are 
often associated with poor prognosis. Notably, growth hormone-releasing hormone 
(GHRH) receptor antagonist MIA-602 has been shown to impede the growth of various 
human cancer cell lines, including AML. This investigation examined the impact of 
MIA-602 as monotherapy and in combination with Doxorubicin on three Doxorubicin-
resistant AML cell lines, KG-1A, U-937, and K-562. The in vitro results revealed a 
significant reduction in cell viability for all treated wild-type cells. Doxorubicin-
resistant clones were similarly susceptible to MIA-602 as the wild-type counterpart. 
Our in vivo experiment of xenografted nude mice with Doxorubicin-resistant K-562 
revealed a reduction in tumor volume with MIA-602 treatment compared to control. 
Our study demonstrates that these three AML cell lines, and their Doxorubicin-
resistant clones, are susceptible to GHRH antagonist MIA-602.

INTRODUCTION 

Acute myeloid leukemia (AML) is a cancer 
of hematopoietic origin defined by clonal cytogenic 
expansion of abnormally or poorly differentiated cells 
[1, 2]. Two recent classification systems have been 
published to reflect advancements in the genetic, 
pathologic, and clinical understanding of the disease. 
Both the World Health Organization (WHO) [3] and 
International Consensus Classification (ICC) [4] systems 
expand upon the genetic derangements of AML subtypes, 
and while these classifications systems do differ on certain 
qualifying mutations or blast thresholds to characterize 
certain types of AML, their overall goal is to decrease 
confusion caused by overlap between AML categories. 
The emergence of these new classification systems 
highlights key breakthroughs and developments within the 

field which continues to evolve our understanding of the 
disease with the ultimate goal of streamlining diagnosis 
and treatment. The first step in formulating a treatment 
plan for newly diagnosed AML involves establishing 
whether a patient is fit for intensive chemotherapy [1, 2]. 
The typical treatment paradigm of newly diagnosed AML 
includes intensive chemotherapy to achieve complete 
remission followed by post-remission therapy such as 
chemotherapy and/or stem cell transplantation [1]. There 
are multiple approved therapies for the treatment of AML, 
and treatment choice depends on various patient factors 
[5]. The gold standard of induction therapy in eligible 
patients is anthracycline and cytarabine therapy [1, 2]. In 
patients 60 years of age or younger, a complete response 
can be seen in 60% to 85% of adults, however, there is a 
high risk of relapse typically within 3 years after diagnosis 
[2]. Negative prognostic factors associated with relapse 
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include short duration of remission, genetic derangements, 
previous allogeneic transplantation, older age, and 
concomitant comorbidities [2]. Continued investigation of 
therapeutic agents is thus imperative given the potential 
for relapse despite treatment. However, drug resistance 
can be a prominent barrier to treatment success [6]. 
Drug resistance can be divided into two main categories: 
primary drug resistance and acquired drug resistance. 
The underlying mechanisms of these pathways involve 
drug resistance-related proteins and enzymes, genes, 
microRNAs, and aberrant signaling pathways [6].

Growth hormone-releasing hormone (GHRH) is a 
neuropeptide hormone released from the hypothalamus. 
Canonically, it binds pituitary GHRH receptor (GHRH-R) 
to induce the release of growth hormone. However, its 
effects are not limited to this endocrine axis; in fact, it 
has been found to act as a growth factor in many cancer 
types as well as normal tissue in an autocrine/paracrine 
fashion [7, 8]. We have previously demonstrated the 
expression of GHRH-R in human AML cell lines K-562, 
THP-1, and KG-1A [9]. We have also demonstrated the 
ability of MIA-602, a GHRH antagonist, to inhibit the 
proliferation of these leukemic cells in vitro as well as in 
preclinical mouse models [9, 10]. Furthermore, we have 
investigated MIA-602’s utility in treating all-trans retinoic 
acid (ATRA) and arsenic trioxide (ATO) resistant cells 
[10]. Given the role of GHRH in multiple cancer types, it 
is possible that GHRH antagonists may offer an alternative 
treatment approach for AML as well as drug-resistant 
AML, which may circumvent the side effects associated 
with standard chemotherapy. Established cell lines have 
become a model of investigating drug resistance, and the 
creation of drug resistant cell lines has facilitated the study 
of newly emerging therapies targeting drug resistance. In 
this study, we investigate the effects of MIA-602 on three 
AML cell lines, KG-1A, U-937, and K-562, both in vitro 
and in vivo.

RESULTS 

In vitro results

Our preliminary study tested varying concentrations 
of Doxorubicin ranging from 0.005, 0.01 and 0.05 µg/ml, 
in which we determined the ED-50 to be 0.01 µg [10]. 
We then cultured both wild-type (W-T) and Doxorubicin-
resistant (D-R) clones with MIA-602 at concentrations 
ranging from 0.05 µmol/L to 5 µmol/L, for 24 and 
48 hours. The optimal concentration of MIA-602 was 
determined to be 5 µmol/L [9, 10]. We then demonstrated 
the presence of GHRH receptor (GHRH-R) in both 
W-T and D-R cell lines by western blot [10]. Since we 
have previously shown that both the wild-type and the 
Doxorubicin clones had positive expression of GHRH-R, 
we hypothesize that MIA-602 could be a beneficial 
targeted therapy for AML. Our preliminary study also 

demonstrated that treatment with MIA-602 caused a 
significant dose- and time-dependent decrease in cell 
proliferation across all six cell lines [10].

To assess the impact of MIA-602 targeted therapy, 
we cultured three Doxorubicin-resistant AML cell 
lines (KG-1A, U-937, and K-562) in the presence of 
Doxorubicin alone, MIA-602 alone, and a combination 
of Doxorubicin and MIA-602. The wild-type (W-T) and 
Doxorubicin-resistant (D-R) clones were treated with 
either control diluent, Doxorubicin (0.01 µg), MIA-602 
(5 µmol/L), or a combination of Doxorubicin (0.01 µg) 
and MIA-602 (5 µmol/L). After 48 hours of incubation, all 
three Doxorubicin-resistant cancer cell lines demonstrated 
no reduction in cell viability with Doxorubicin treatment 
(Figure 1). When treated with Doxorubicin, the W-T KG-
1A cells demonstrated, on average, a 51.25% decrease 
in cell viability, while the U-937 W-T cells decreased 
by 45.75% and K-562 W-T cells by 56.75% (Figure 1). 
Treatment with MIA-602 showed a comparable decrease 
for both W-T and D-R KG-1A clones with a 53.5% and 
54.5% decrease in cell viability, respectively (Figure 1A). 
Similarly, the U-937 cell viability decreased by 49% in 
the W-T cells and 51.25% in the D-R clones following 
MIA-602 treatment (Figure 1B). Moreover, cell viability 
decreased by 79.25% in both the W-T and D-R K-562 
clones treated with MIA-602 (Figure 1C). The decrease 
in viability of Doxorubicin-resistant cell lines after MIA-
602 monotherapy emphasizes its distinct mechanism 
of action from that of Doxorubicin. Combination 
treatment with Doxorubicin and MIA-602 resulted in 
an 80.25% decrease in W-T KG-1A cell viability and a 
57.5% reduction for their D-R counterpart (Figure 1A). 
The U-937 cancer cell line responded to combination 
treatment with a 92.5% decrease in W-T cells and a 
52.75% decrease in the D-R resistant strain (Figure 
1B). As for the K-562 cells, combination resulted in an 
88.75% reduction in W-T cell viability and 78.25% for 
D-R cells (Figure 1C).

In vivo results

For our animal study, we randomly divided nude 
mice into two groups of 10 animals each. Both groups 
were transplanted with Doxorubicin-resistant K-562 
cells, with the first group receiving a control diluent and 
the second receiving MIA-602 treatment. MIA-602 was 
administered at a dose of 10 µg twice daily for 28 days. 
Growth of the xenographed Doxorubicin-resistant K-562 
tumors was evaluated weekly. After 28 days, treatment 
with the control diluent resulted in a tumor volume of 
1114 mm3, while MIA-602 monotherapy resulted in a 
tumor volume of 629 mm3 (Table 1). Notably, treatment 
with MIA-602 decreased the final tumor volume by 485 
mm3. This finding further emphasizes the beneficial 
outcomes of MIA-602 monotherapy for individuals who 
have developed resistance to Doxorubicin. 
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DISCUSSION

These results suggest that MIA-602, a GHRH 
antagonist, may be a viable therapeutic approach to 
addressing Doxorubicin-resistant AML. We observed 
a substantial decrease in cell viability in Doxorubicin-
resistant KG-1A, U-937, and K-562 cells when exposed 
to MIA-602 alone compared to Doxorubicin alone 
(Figure 1). The three cell lines chosen are commonly used 
in vitro models of AML. The variability in the strength of 
response to MIA-602 and Doxorubicin across cell lines 
(Figure 1) represents the potential variability in response 
in human patient populations. We have previously shown 
the presence of GHRH-R in human AML cell lines K-562, 

THP-1, and KG-1A as well as the ability of MIA-602 to 
inhibit their proliferation [9]. The presence of this receptor 
offers the foundation for a novel approach to the treatment 
of cancer with a non-cytotoxic agent, MIA-602, given the 
extensive adverse effects associated with chemotherapy. 
Furthermore, it has been proposed that while GHRH 
analogs of the Miami family can inhibit tumor growth, 
they do not have a strong endocrine inhibitory effect [11]. 
GHRH antagonists have been implicated in the in vitro 
inhibition of a variety of cancer cell lines including but not 
limited to APL [10], AML [9], estrogen independent breast 
cancer [12], clear cell ovarian cancer [12], glioblastoma 
[12], gastric cancer [13], prostate cancer [11, 14], and 
endometrial adenocarcinoma [11]. The inhibition of 

Figure 1:  Cell viability (%) after 48 hours across three AML cell lines, KG-1A (A), U-937 (B), and K-562 (C). Wild-type (W-T) and 
Doxorubicin-Resistant (D-R) clones were treated with either control diluent, Doxorubicin, MIA-602, or a combination of Doxorubicin and 
MIA-602. Treatment with MIA-602 was effective in reducing cell viability across all cancer cell lines.

Table 1: Treatment with MIA-602 on Doxorubicin-resistant K-562 tumors results in decreased 
weight and volume after 28 days

Final tumor weight (mg) Final tumor volume (mm3)
K-562 Control 1512 ± 88 1114 ± 71
K-562 Treated 890 ± 59.5 629 ± 48.3
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proliferation by MIA-602 is mediated though multiple 
mechanisms. These include the downregulation of NF‑κB 
and beta-catenin [12], upregulation of caveolin-1 and 
E-cadherin [12], upregulation of pro-apoptotic pathways 
such as CAS9 [9], modulation of inflammatory cytokines 
[15], and the inhibition of Akt [9]. The anti-oncogenic 
mechanism exerted by MIA-602 likely varies based 
upon cancer type and even individual cell line qualities, 
however, it is evident that MIA-602 exerts its anti-cancer 
effects through the modulation of various factors which 
promote oncogenesis including but not limited to cellular 
proliferation, survival, and motility. Our previous work 
has demonstrated the synergistic effect of combination 
Doxorubicin and MIA-602 on the K-562 cell line [10]. 
Interestingly, in this study, the U-937 and KG-1A W-T 
cell lines demonstrated a more prominent synergistic 
effect of combination treatment than that of K-562. Across 
all D-R cell lines, a sustained decrease in cell viability 
was observed with combination treatment as compared 
to MIA-602 monotherapy, suggesting that MIA-602 is 
unaffected by Doxorubicin-resistance, and inflicts its 
inhibitory effects through a distinct apoptotic pathway than 
that of Doxorubicin. This may involve the aforementioned 
mechanisms implicated in other cancer types, and it would 
be interesting to investigate the specific pathways elicited 
by MIA-602 in D-R AML cell lines.

The in vitro anti-oncogenic effects of GHRH 
receptor antagonists have also been corroborated by 

in vivo studies [9, 11, 13–16]. In our study investigating 
the effects of MIA-602 on HCC-1806 and MX-1 human 
triple negative breast cancers xenografted into nude 
mice, MIA‑602 treatment at a concentration of 5 μg/day 
for 5 weeks significantly inhibited mean tumor volume 
of HCC-1806 tumors and of MX-1 tumors compared to 
controls [15]. Furthermore, the expression of GHRH 
and GHRH-R genes was significantly decreased with 
treatment as compared to controls [15], another plausible 
mechanism of GHRH antagonist anti-oncogenic action. 
Further studies are needed to investigate the expression 
of GHRH receptors in the AML patient population, 
including differences in expression levels between 
genetic subtypes of AML, to understand the therapeutic 
potential of GHRH antagonism [9]. Given these findings, 
we investigated whether these anti-tumor effects would 
persist in HCC-1806 and Doxorubicin-resistant MX-1 
human TNBC cell lines xenografted into nude mice [16]. 
Indeed, treatment with MIA-602 significantly reduced 
the growth of HCC-1806 and Doxorubicin-resistant 
MX-1 tumors when compared to control. For both tumor 
types, the growth of tumors treated with the combination 
MIA-602 and Doxorubicin was significantly smaller 
than that of controls (P < 0.001), and tumors treated with 
either MIA-602 alone (P < 0.05) or Doxorubicin alone 
(P < 0.001) [16]. Furthermore, real-time polymerase 
chain reaction (RT-PCR) analysis revealed that the 
expression of genes (MDR1 and NANOG) involved in 

Figure 2: Effect of treatment with MIA-602 on the growth of Doxorubicin-resistant K-562 tumors xenographed into 
nude mice. After 28 days, treatment with MIA-602 significantly reduced tumor volume compared to the control diluent.



Oncotarget252www.oncotarget.com

drug resistance was reduced by treatment with MIA-602 
[16]. In this study, treatment of Doxorubicin-resistant 
K-562 tumors with MIA-602 10 µg twice a day for 28 
days decreased tumor growth and volume compared to 
control (Figure 2). This is consistent with in vivo models 
of treatment-resistant APL in which ATRA/ATO resistant 
NB4-RAA cell lines were xenografted into nude mice, 
and MIA-602 10 µg twice a day for 30 days was tested. 
NB4-RAA treated tumor volumes were significantly 
reduced, further emphasizing MIA-602’s action through 
a unique pathway, unaffected by chemotherapy-
resistance [10].

In this study we investigated the influence of 
MIA-602 on Doxorubicin-resistant AML cell lines 
K-562, KG-1A, and U-937, as well as its effect on 
Doxorubicin-resistant K-562 tumors xenographed into 
nude mice. Our prior studies established a foundation 
of evidence proving the existence of GHRH-R on AML 
cell lines as well as the ability of MIA-602 to circumvent 
ATRA and ATO resistance [10]. GHRH antagonists are 
non-cytotoxic agents which may serve as therapeutic 
alternatives or adjuvants to cytotoxic chemotherapeutic 
agents. The anti-oncogenic mechanisms of GHRH 
antagonists are vast, and likely involve crosstalk between 
multiple biologic pathways dependent upon cancer type. 
Future studies may explore the transcriptional effects of 
GHRH antagonism in Doxorubicin-resistant AML cell 
lines, and the influence of genetic AML subtypes on 
these effects. Our results reveal that MIA-602 may be 
a useful treatment for Doxorubicin-resistant AML, with 
the potential for enhancing clinical outcomes of AML 
therapy. 

MATERIALS AND METHODS

Peptides and reagents

Synthesis of growth hormone-releasing hormone 
antagonist MIA-602 was obtained by solid phase method 
and then purified by reverse-phase high performance 
liquid chromatography (HPLC) as described previously 
[11]. The chemical composition of MIA-602 is (PhAc-
Ada0-Tyr1, D-Arg2, Fpa56, Ala8, Har9, Tyr (Me)10, His11, 
Orn12, Abu15, His20, Orn21, Nle27, D-Arg28, Har29) hGH-
RH (1-29) NH2. The following abbreviations were used 
to represent non-coded amino acids and acyl groups: Abu 
(alpha-aminobutyric acid), Ada (12-aminododecanoyl), 
Fpa5 (pentafluorophenylalanine), Har (homoarginine), 
Nle (norleucine), Orn (ornithine), PhAc (phenylacetyl), 
and Tyr (Me) (O-methyl-tyrosine). The peptide was 
dissolved in vitro in dimethyl sulfide (DMSO) and diluted 
with incubation media, ensuring DMSO concentration 
never exceeded 0.1%. Conversely, in vivo, MIA-602 was 
dissolved in DMSO and diluted with sterile aqueous 10% 
phosphate-buffered saline (PBS) pH 7.4 (1X) solution. 
This served as vehicle control.

Doxorubicin-resistant cell lines 

Cell lines were developed in Dr. Jimenez’s lab 
from the parent cells line by culturing them in the 
presence of increasing concentrations of Doxorubicin. 
This process required multiple subcultures over a period 
of 12 months.

Cell culture

Human myeloid leukemia cell lines (KG-1A, 
U-937, and K-562) were obtained from American Type 
Culture Collection (ATCC, Manassas, VA, USA). 
Iscove’s modified Dulbecco’s medium (IMDM) was 
used to maintain KG-1A and K-562, while U-937 cells 
were cultured in RPMI-1540 medium. Both media were 
supplemented with 2 mmol/L L-Glutamine, 25 mmol/L 
HEPES, 10% FBS, and 50 µg/mL gentamicin. Cells were 
cultured in an incubator at 5% CO2 with 98% humidity at 
37°C.

Cell proliferation

Cells were seeded onto 12-well microplates at 
a density of 2.5 × 105 cells/mL in their corresponding 
media supplemented with 1% FBS, 2 mmol/L 
L-glutamine, 25 mmol/L HEPES, and 50 µg/mL 
gentamicin. Treatment of the cells with MIA-602 
was done at concentrations of 0.05, 0.5 and 5 µmol/L 
for 24 and 48 h. Each treatment was performed in 
quadruplicate. Cell proliferation was evaluated by 
using the MOXI Mini Automated Cell Counter (Orflo 
Technologies, Ketchum, ID, USA).

In vivo experiment in mice

Female 8-week-old athymic nude mice (Hsd: 
AthymicNude-Foxn1nu) were obtained from Harlan 
Laboratories (Indianapolis, IN). They were housed in 
temperature-controlled sterile cages in a room with a 
12-h light/12-h dark schedule. Autoclaved chow and 
water ad libitum was provided for the mice. Xenografts 
of human myeloid leukemia cells K-562 were introduced 
by subcutaneous (s.c.) injection of 1 × 107 cells into the 
right flank of the nude mice. Once tumors reached an 
appropriate volume (~40 mm3), mice were randomly 
divided into two groups comprised of 10 mice each. Mice 
assigned to the control group were given s.c. injections 
of PBS (100 µl) containing 0.1% DMSO, twice a day 
in their left flank. Mice assigned to the treatment group 
received s.c. injections of MIA-602 at a dose of 10 µg, 
also twice a day in their left flank. Measurements of 
tumor volume (length × width × height × 0.5236) and 
body weight were obtained every 7 days for a total 
of 28 days. All animal procedures were performed 
in compliance with the National Institutes of Health 
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Guide for the Care and Use of Laboratory Animals and 
approved by the Animal Care and Use Committee of the 
University of Miami.

AUTHOR CONTRIBUTIONS

Simonetta I. Gaumond (conceptualization, data 
curation, formal analysis, investigation, methodology, 
project administration, resources, supervision, validation, 
visualization, writing – original draft, review and 
editing), Rama Abdin (data curation, formal analysis, 
investigation, resources, validation, writing – original 
draft), Joel Costoya (formal analysis, methodology, 
validation, review and editing), Andrew V. Schally 
(conceptualization, investigation, methodology, project 
administration, supervision, review and editing), Joaquin 
J. Jimenez (conceptualization, investigation, methodology, 
funding, project administration, supervision, validation, 
visualization, review and editing).

CONFLICTS OF INTEREST

Authors have no conflicts of interest to declare.

ETHICAL STATEMENT

The animal study protocol was approved by the 
Institutional Review Board of the University of Miami 
Miller School of Medicine (Protocol code 22-002, 
approved 1/31/22).

FUNDING

No funding was used for this paper.

REFERENCES

1. Shimony S, Stahl M, Stone RM. Acute myeloid leukemia: 
2023 update on diagnosis, risk-stratification, and 
management. Am J Hematol. 2023; 98:502–26. https://doi.
org/10.1002/ajh.26822. [PubMed]

2. Döhner H, Weisdorf DJ, Bloomfield CD. Acute Myeloid 
Leukemia. N Engl J Med. 2015; 373:1136–52. https://doi.
org/10.1056/NEJMra1406184. [PubMed]

3. Khoury JD, Solary E, Abla O, Akkari Y, Alaggio R, 
Apperley JF, Bejar R, Berti E, Busque L, Chan JKC, Chen 
W, Chen X, Chng WJ, et al. The 5th edition of the World 
Health Organization Classification of Haematolymphoid 
Tumours: Myeloid and Histiocytic/Dendritic Neoplasms. 
Leukemia. 2022; 36:1703–19. https://doi.org/10.1038/
s41375-022-01613-1. [PubMed]

4. Arber DA, Orazi A, Hasserjian RP, Borowitz MJ, Calvo KR, 
Kvasnicka HM, Wang SA, Bagg A, Barbui T, Branford S, 
Bueso-Ramos CE, Cortes JE, Dal Cin P, et al. International 

Consensus Classification of Myeloid Neoplasms and Acute 
Leukemias: integrating morphologic, clinical, and genomic 
data. Blood. 2022; 140:1200–28. https://doi.org/10.1182/
blood.2022015850. [PubMed]

 5. Drugs Approved for Leukemia - NCI. 2011 [cited 2024 Jan 
15]. Available 2024 Jan 15, from https://www.cancer.gov/
about-cancer/treatment/drugs/leukemia.

 6. Zhang J, Gu Y, Chen B. Mechanisms of drug resistance in 
acute myeloid leukemia. Onco Targets Ther. 2019; 12:1937–
45. https://doi.org/10.2147/OTT.S191621. [PubMed]

 7. Schally AV, Zhang X, Cai R, Hare JM, Granata R, Bartoli M. 
Actions and Potential Therapeutic Applications of Growth 
Hormone-Releasing Hormone Agonists. Endocrinology. 
2019; 160:1600–12. https://doi.org/10.1210/en.2019-00111. 
[PubMed]

 8. Schally AV, Varga JL, Engel JB. Antagonists of growth-
hormone-releasing hormone: an emerging new therapy for 
cancer. Nat Clin Pract Endocrinol Metab. 2008; 4:33–43. 
https://doi.org/10.1038/ncpendmet0677. [PubMed]

 9. Jimenez JJ, DelCanto GM, Popovics P, Perez A, Vila 
Granda A, Vidaurre I, Cai RZ, Rick FG, Swords RT, Schally 
AV. A new approach to the treatment of acute myeloid 
leukaemia targeting the receptor for growth hormone-
releasing hormone. Br J Haematol. 2018; 181:476–85. 
https://doi.org/10.1111/bjh.15207. [PubMed]

10. Chale RS, Almeida SM, Rodriguez M, Jozic I, Gaumond 
SI, Schally AV, Jimenez JJ. The Application of GHRH 
Antagonist as a Treatment for Resistant APL. Cancers 
(Basel). 2023; 15:3104. https://doi.org/10.3390/
cancers15123104. [PubMed]

11. Zarandi M, Cai R, Kovacs M, Popovics P, Szalontay L, 
Cui T, Sha W, Jaszberenyi M, Varga J, Zhang X, Block NL, 
Rick FG, Halmos G, Schally AV. Synthesis and structure-
activity studies on novel analogs of human growth 
hormone releasing hormone (GHRH) with enhanced 
inhibitory activities on tumor growth. Peptides. 2017; 
89:60–70. https://doi.org/10.1016/j.peptides.2017.01.009. 
[PubMed]

12. Bellyei S, Schally AV, Zarandi M, Varga JL, Vidaurre I, 
Pozsgai E. GHRH antagonists reduce the invasive and 
metastatic potential of human cancer cell lines in vitro. 
Cancer Lett. 2010; 293:31–40. https://doi.org/10.1016/j.
canlet.2009.12.014. [PubMed]

13. Gan J, Ke X, Jiang J, Dong H, Yao Z, Lin Y, Lin W, Wu X, 
Yan S, Zhuang Y, Chu WK, Cai R, Zhang X, et al. Growth 
hormone-releasing hormone receptor antagonists inhibit 
human gastric cancer through downregulation of PAK1-
STAT3/NF‑κB signaling. Proc Natl Acad Sci U S A. 2016; 
113:14745–50. https://doi.org/10.1073/pnas.1618582114. 
[PubMed]

14. Fahrenholtz CD, Rick FG, Garcia MI, Zarandi M, Cai RZ, 
Block NL, Schally AV, Burnstein KL. Preclinical efficacy 
of growth hormone-releasing hormone antagonists for 
androgen-dependent and castration-resistant human prostate 

https://doi.org/10.1002/ajh.26822
https://doi.org/10.1002/ajh.26822
https://pubmed.ncbi.nlm.nih.gov/36594187
https://doi.org/10.1056/NEJMra1406184
https://doi.org/10.1056/NEJMra1406184
https://pubmed.ncbi.nlm.nih.gov/26376137
https://doi.org/10.1038/s41375-022-01613-1
https://doi.org/10.1038/s41375-022-01613-1
https://pubmed.ncbi.nlm.nih.gov/35732831
https://doi.org/10.1182/blood.2022015850
https://doi.org/10.1182/blood.2022015850
https://pubmed.ncbi.nlm.nih.gov/35767897
https://www.cancer.gov/about-cancer/treatment/drugs/leukemia
https://www.cancer.gov/about-cancer/treatment/drugs/leukemia
https://doi.org/10.2147/OTT.S191621
https://pubmed.ncbi.nlm.nih.gov/30881045
https://doi.org/10.1210/en.2019-00111
https://pubmed.ncbi.nlm.nih.gov/31070727
https://doi.org/10.1038/ncpendmet0677
https://pubmed.ncbi.nlm.nih.gov/18084344
https://doi.org/10.1111/bjh.15207
https://pubmed.ncbi.nlm.nih.gov/29663325
https://doi.org/10.3390/cancers15123104
https://doi.org/10.3390/cancers15123104
https://pubmed.ncbi.nlm.nih.gov/37370714
https://doi.org/10.1016/j.peptides.2017.01.009
https://pubmed.ncbi.nlm.nih.gov/28130121
https://doi.org/10.1016/j.canlet.2009.12.014
https://doi.org/10.1016/j.canlet.2009.12.014
https://pubmed.ncbi.nlm.nih.gov/20064686
https://doi.org/10.1073/pnas.1618582114
https://pubmed.ncbi.nlm.nih.gov/27930339


Oncotarget254www.oncotarget.com

cancer. Proc Natl Acad Sci U S A. 2014; 111:1084–89. 
https://doi.org/10.1073/pnas.1323102111. [PubMed]

15. Perez R, Schally AV, Vidaurre I, Rincon R, Block NL, Rick 
FG. Antagonists of growth hormone-releasing hormone 
suppress in vivo tumor growth and gene expression in 
triple negative breast cancers. Oncotarget. 2012; 3:988–97. 
https://doi.org/10.18632/oncotarget.634. [PubMed]

16. Perez R, Schally AV, Popovics P, Cai R, Sha W, Rincon 
R, Rick FG. Antagonistic analogs of growth hormone-
releasing hormone increase the efficacy of treatment of 
triple negative breast cancer in nude mice with doxorubicin; 
A preclinical study. Oncoscience. 2014; 1:665–73. https://
doi.org/10.18632/oncoscience.92. [PubMed]

https://doi.org/10.1073/pnas.1323102111
https://pubmed.ncbi.nlm.nih.gov/24395797
https://doi.org/10.18632/oncotarget.634
https://pubmed.ncbi.nlm.nih.gov/22941871
https://doi.org/10.18632/oncoscience.92
https://doi.org/10.18632/oncoscience.92
https://pubmed.ncbi.nlm.nih.gov/25593995

