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ABSTRACT 

SIQUEIRA, Raoni Pais, D.Sc., Universidade Federal de Viçosa, February, 2018. Serine/Arginine 
Protein Kinase (SRPK) Inhibition as a Potential Therapeutic Strategy Against Leukemia Cells. 
Adviser: Gustavo Costa Bressan. Co-advisers: Juliana Lopes Rangel Fietto, Márcia Rogéria de 
Almeida Lamêgo, Abelardo Silva Júnior and Róbson Ricardo Teixeira. 
 

Serine/Arginine protein kinase (SRPK) are key components of the splicing machinery trough the 

phospho-regulation of SR Proteins, which are crucial for exon selection in the alternative 

splicing. However, SRPK have frequently been found overexpressed or/and with altered activity 

in a number of cancers, including leukemias. Thus, the discovery of small molecule inhibitors 

against these kinases is of potential interest to identify novel therapeutic opportunities. Here, it 

is described the pharmacological inhibition of SRPK by N-(2-(piperidin-1-yl)-5-

(trifluoromethyl)phenyl)isonicotinamide (SRPIN340) on the viability of lymphoid and myeloid 

leukemia cell lines. Along with significant cytotoxic activity, the effect of treatments in regulating 

the phosphorylation of the SR protein family and in altering the expression of MAP2K1, MAP2K2, 

VEGF and FAS genes were also assessed. Furthermore, it was found that pharmacological 

inhibition of SRPKs can trigger early and late events of apoptosis. Finally, intrinsic tryptophan 

fluorescence emission, molecular docking and molecular dynamics were analyzed to gain 

structural information on the SRPK/SRPIN340 complex.  In a second study, it is described the 

synthesis of a series of twenty-two trifluoromethyl arylamides based on the SRPIN340 scaffold 

and the evaluation of their antileukemia effects. Some derivatives presented superior cytotoxic 

effects against myeloid and lymphoid leukemia cell lines compared to SRPIN340. In particular, 

compounds N-(2-(4-bromophenylamino)-5-(trifluoromethyl)phenyl)-2-chloronicotinamide (24), 

N-(2-(4-bromophenylamino)-5-(trifluoromethyl)phenyl)nicotinamide (30), and N-(2-(4-

bromophenylamino)-5-(trifluoromethyl)phenyl)benzamide (36) presented IC50 values within the 

6.0 – 35.7 µM (µmol L-1) range. In addition, these three compounds were able to trigger 

apoptosis and autophagy, and they exhibited synergistic effects in combination with the 

chemotherapeutic agent vincristine. Moreover, compound 30 was more efficient than SRPIN340 

in impairing the intracellular phosphorylation status of SR proteins as well as the expression of 

MAP2K1, MAP2K2, VEGF, and RON oncogenic isoforms in leukemia cells. Taken together, these 

results suggest that SRPK pharmacological inhibitors may be considered for the development of 

novel therapeutic strategies against leukemias and other types of cancers. 
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RESUMO 

SIQUEIRA, Raoni Pais, D.Sc. Universidade Federal de Viçosa, fevereiro de 2018. Inibição de 
Serine/Arginine Protein Kinase (SRPK) como Estratégia Terapêutica contra Linhagens 
Leucêmicas. Orientador: Gustavo Costa Bressan. Coorientadores: Juliana Lopes Rangel Fietto, 
Márcia Rogéria de Almeida Lamêgo, Abelardo Silva Júnior e Róbson Ricardo Teixeira. 
 

Serine/Arginine protein kinases (SRPKs) são componentes chave da maquinaria de splicing 

através da regulação por fosforilação das proteínas SR, as quais são cruciais para a seleção dos 

sítios de splicing alternativo. Entretanto, as SRPKs são frequentemente encontradas 

superexpressas ou com atividade alterada em diversos tipos de cânceres, inclusive em 

leucemias.  Dessa forma, a busca por pequenas moléculas inibidores destas quinases são de 

potencial interesse para o delineamento de novas estratégias terapêuticas. Nesta tese, 

descreve-se a avaliação da inibição farmacológica de SRPKs pelo inibidor seletivo N-(2-

(piperidin-1-il)-5-(trifluorometil)fenil)isonicotinamida (SRPIN340) sobre a viabilidade de 

linhagens leucêmicas linfoides e mieloides. Além de mostrar atividade citotóxica significativa, o 

efeito dos tratamentos na regulação da fosforilação das proteínas SR e na alteração da 

expressão dos genes MAP2K1, MAP2K2, VEGF e FAS foram também identificados. Além disso, a 

inibição farmacológica de SRPKs foi capaz de desencadear eventos precoces e tardios de 

apoptose. Por último, estudos de fluorescência intrínseca de triptofano, docking molecular e 

dinâmica molecular foram analisados a fim de se obter informações estruturais acerca do 

complexo SRPK/SRPIN340. No segundo estudo, é descrita a síntese de uma série de vinte e duas 

trifluorometil arilamidas baseadas na estrutura molecular do SRPIN340, além da avaliação dos 

seus efeitos antileucêmicos. Alguns dos derivados apresentaram efeitos citotóxicos superiores 

contra linhagens de leucemia mieloide e linfoide em comparação com o SRPIN340. Em 

particular, os compostos N-(2-(4-bromofenilamino)-5-(trifluorometil)fenil)-2-cloronicotinamida 

(24), N-(2-(4-bromofenilamino)-5-(trifluorometil)fenil)nicotinamida (30), e N-(2-(4-

bromofenilamino)-5-(trifluorometil)fenil)benzamida (36)  apresentaram valores de IC50 na faixa 

de 6,0 – 35,7 µM (µmol L-1). Estes três compostos também foram capazes de desencadear 

eventos de apoptose e autofagia, além de exibir efeito sinergístico em combinação com o agente 

quimioterápico vincristina. Além disso, o composto 30 se mostrou mais eficiente que o SRPIN340 

na diminuição da fosforilação das proteínas SR bem como na diminuição da expressão de 

isoformas oncogênicas dos genes MAP2K1, MAP2K2, VEGF, e RON. Tomados conjuntamente, 

estes resultados sugerem que inibidores de SRPKs são capazes de suprimir o crescimento celular 

através da regulação dos eventos de splicing e podem ser considerados como ponto de partida 

importante para desenvolvimento de novas estratégias terapêuticas contra leucemias e outros 

tipos de cânceres.
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1. General Introduction 

1.1 Alternative splicing and its role in cancer 

One of the most intriguing findings in the central dogma of molecular biology was the 

discovery that eukaryotic genes are discontinuous, with coding DNA segments (exons) disrupted 

by long noncoding sequences (introns) (Matera and Wang, 2014). Through advances in the field 

of genome sequencing, it has been increasingly evident that precursor messenger RNA (pre-

mRNA) splicing can occur as a way of generating an additional complexity in the process of gene 

expression that scales with organism complexity (Lee and Rio, 2015). More than 95% of human 

genes have been found to undergo splicing in a developmental, tissue-specific or signal 

transduction-dependent manner, and more than 90% of human genes undergo alternative 

splicing (Wang et al., 2008, 2015). Therefore, alternative splicing is a molecular mechanism from 

which the inclusion or exclusion of different exons or parts of exons in mRNA, responsible for 

generating new isoforms from a single gene can occur (Kozlovski et al., 2017). 

The splicing consists in two transesterification reactions catalyzed by the spliceosome, a 

multisubunit complex of ribonucleoproteins that assembles around splice sites at each intron-

exon boundaries (Salton and Misteli, 2016). Each splice site consists of a consensus sequence 

that is flexibly recognized by spliceosomal components (Kornblihtt et al., 2013). Thus, the 

spliceosome complex and its associated regulatory factors are composed of more than 200 

proteins and five small nuclear RNAs (snRNAs), and catalyzes both constitutive and regulated 

alternative splicing. The U1, U2, U4, U5, and U6 snRNAs participate in several key RNA–RNA and 

RNA–protein interactions during spliceosome assembly and splicing catalysis (Anczuków and 

Krainer, 2016). In a simplified way, spliceosome assembly is initiated when U1 snRNP U1 is 

recruited to the 5͛ splicing site and U2 snRNP stably associates with the branch site (E complex). 

In a subsequent step, the U4/U6.U5 tri-snRNP is then recruited, generating the catalytic complex 

that removes the intron (C complex) (Figure 1). 

Since pre-mRNA splicing is an essential process in mammalian cells, it is not surprising that 

the deregulation of these events is the cause of many human diseases, including cancer. In fact, 

several studies have demonstrated that tumors exhibit abnormal splicing patterns and these 

changes in splicing occur in favoring the process of cellular transformation (Singh and Eyras, 

2017). Some examples of splicing isoforms found in cancers include the increased expression of 

anti-apoptotic isoforms of genes such as BCL2L1, CASP2, or FAS; pro-invasive isoforms of CD44, 

FGFR2, or RAC1; and pro-angiogenic VEGF spliced isoform (Anczuków and Krainer, 2016). 

However, it is important to mention that global alterations in splicing behavior in cancer 

can be caused by changes in expression or activity of particular components of the splicing 

machinery (Salton and Misteli, 2016). Tumors exhibit somatic mutations in splicing regulators 
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encoding genes, or changes in splicing-factor levels in response to cell signaling or transcriptional 

regulation, which in turn promote the differential splicing patterns in tumors compared to 

normal tissues. Alterations in the activity of splicing factors can lead to the production of pro-

tumorigenic isoforms that have been linked tumorigenesis processes, such as proliferation, 

apoptosis, invasion, metabolism, angiogenesis, DNA damage, or even drug resistance and 

immune response (Figure 2) (Anczuków and Krainer, 2016). 

 

 

Figure 1: Simplified scheme of spliceosome assembly. To form E complex, U1 is recruited to the 

ϱ͛-splice site, whereas U2 is recruited to the branch-point. Then, the U4/U6.U5 tri-snRNP 

associates with the forming spliceosome, removing U1 and U4 (C complex). In this scheme, the 

͚eǆoŶ B͛ is ƌeŵoǀed aloŶg ǁith tǁo introns, exemplifying an alternative splicing event (This 

figure was extracted from La Cognata et al., 2014). 

 

 

Figure 2: Differential splicing pattern in tumor and normal tissues. Alterations in the splicing 

patterns in favoring the tumorigenic process. SF: splicing factor (This figure was extracted from 

Anczuków and Krainer, 2016).  
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1.2 SR Proteins and their roles in pre-mRNA splicing 

One well-studied family of splicing factors that regulate the assembly of the spliceosome 

complex is the SR proteins. These proteins are highly conserved in metazoa and plants and, 

typically, contain one or two RNA-binding motifs (RRM domain) and a carboxy terminal domain 

rich in serine and arginine residues (RS domain) (Syed et al., 2012) (Figure 3).  Binding of SR 

proteins to cis-elements in pre-mRNA exons, called exonic splicing enhancers (ESE),  acts to 

prevent exon skipping and ensures the ĐoƌƌeĐt ϱ͛ to ϯ͛ liŶeaƌ oƌdeƌ of eǆoŶs iŶ spliĐed ŵ‘NA 

(Aubol et al., 2013; Long and Caceres, 2009) (Figure 4). Consequently, the portion of the exon 

delimited by binding of these proteins tends to be maintained in the mature mRNA transcript, 

but they can inhibit splicing when associated with introns (Cho et al., 2011; Wang et al., 2013). 

In addition, the coordinated performance of SR family members with other splicing factors 

results in a differential recognition of introns and exons by the spliceosome complex which, 

through alternative splicing, can be included or excluded in the mature mRNA (Wang et al., 

2013). 

 

 

Figure 3: SR splicing factors family present in humans. The RNA-binding motifs (RRM domains; 

blue/red) and the carboxy terminal domain rich in serine and arginine residues (RS domain; 

green) are highlighted (This figure was extracted from Mahiet and Swanson, 2016).  
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Figure 4: Role of SR proteins in splicing site selection. SR protein binds to an ESE through its 

RRMs domains and contacts the splicing factor U2 and/or the snRNP protein U1 at the adjacent 

splice sites through its RS domain (This figure was extracted from Long and Caceres, 2009). 

 

Phosphorylation of the RS domain of SR proteins has a great impact on their regulation, 

as it may affect their binding to target mRNAs, their interaction with other proteins and their 

intracellular localization (Naro and Sette, 2013). Two families of protein kinases are the main 

responsible for extensively phosphorylating these essential splicing factors. The serine/arginine 

protein kinases (SRPK1-3) strictly phosphorylate Arg-Ser dipeptides, whereas the CDC2-like 

kinases (CLK1-4) can phosphorylate both Arg-Ser and Ser-Pro dipeptides, common in all SR 

proteins (Aubol et al., 2016).  

When dephosphorylated, SR proteins are predominantly located in the cytoplasm. In its 

turn, SRPKs that are located also in the cytoplasm phosphorylate SR proteins, a key modification 

that facilitates the shuttling of these splicing factors into the nucleus where they aggregate in 

nuclear speckles, which are nuclear domains enriched in pre-mRNA splicing factors (Aubol et al., 

2013; Zhong et al., 2009). Further phosphorylation by SRPKs or CLKs release the SR proteins from 

these nuclear corpuscles, allowing recognition and interaction with pre-mRNA (Zhong et al., 

2009). Therefore, the phosphorylation levels of RS domains in SR proteins can actively regulate 

the splicing by controlling protein-protein or protein-RNA interactions in the spliceosome, 

influencing the production of a spliced isoform in detriment of another (Aubol et al., 2013). 

  

1.3 SRPKs and their oncogenic activity 

As previously stated, one of the most important group of kinase related to the phospho-

regulation of SR proteins are the serine/arginine protein kinases (SRPKs). These kinases have 

conserved residues of the catalytic domains of serine/threonine kinases and they have a central 

role in the regulatory network for splicing - controlling the intranuclear distribution of splicing 

factors, reorganization of nuclear speckles, protein-protein and RNA-protein interaction, and 

ultimately the action of SR factors on the pre-mRNA (Giannakouros et al., 2011; Zhou and Fu, 

2013). SRPK1 was the first SR kinase to be described (Gui et al., 1994). Through homology 

studies, two other SR kinases, SRPK2 (Kuroyanagi et al., 1998) and SRPK3 (Nakagawa et al., 

2005), have been identified. Lastly, a product of the SRPK1 gene produced by alternative splicing 
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(named SRPK1a) has been also reported (Sanidas et al., 2010).  While SRPK1 is ubiquitously 

expressed, SRPK2 is expressed mainly in the nervous system and the expression of SRPK3 seems 

to be restricted to muscle cells (Zhou and Fu, 2013). 

SRPKs are characterized by an N-terminal extension and a bipartite catalytic domain 

bifurcated by a large spacer insert domain (SID) (Figures 5 and 6) (Aubol and Adams, 2014). The 

SID is an intrinsically unstructured region with critical modulatory role on SRPK subcellular 

localization, as deletion of this sequence changes the distribution pattern of the kinase from 

mainly cytoplasmic to exclusively nuclear (Koutroumani et al., 2017). Thus, SRPKs are mainly 

localized in the cytoplasm of mammalian cells due to the presence of a cytoplasmic retention 

signal localized in the SID, which is involved in the interaction with the HSP70 and HSP90 

molecular chaperones  (Naro and Sette, 2013). However, these kinases can translocate into the 

nucleus of cells under several conditions, mainly as a consequence of activation of the signal 

transduction pathway EGF-PI3K-AKT-SRPK (Naro and Sette, 2013; Zhou and Fu, 2013). In this 

context, Zhou and colleagues (2012) showed the AKT-mediated SRPK1 autophosphorylation 

switched this splicing kinase from Hsp70- to Hsp90-containing complexes, enhancing SRPK 

nuclear translocation and SR protein phosphorylation (Zhou et al., 2012). In turn, recent studies 

have shown a different mechanism that regulates the cellular activity of SRPK2, which must be 

doubly phosphorylated by S6K and CK1 via mTORC1-activation before its nuclear import (Lee et 

al., 2017). Therefore, these studies highlight the SRPKs as key point in regulating the cellular 

splicing activity through SR proteins phosphorylation in response to external and internal 

stimuli. 

 

 

Figure 5: Schematic representation of the domain architecture of mouse SRPK family. In each 

structure, the percentages represent the homology of the kinase domains of SRPK1 and SRPK2 

compared to SRPK3. The N-terminus (Nt) and the spacer insert domain (SID) are also highlighted. 

(This figure was extracted from Nakagawa et al., 2005). 
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Figure 6:  Structure of SRPK1 in complex with SR protein SRSF1. The catalytic domain composed 

of C- and N-lobe is shown in gray and the spacer insert domain (SID) is in red. There is also the 

C-lobe region called docking groove that binds SRSF1 (green). The  dashed lines represent the 

intrinsically unstructured regions absent in the crystal structures obtained. The ATP are 

highlighted in blue (This figure was extracted from Aubol and Adams, 2014). 

 

Despite the importance in splicing regulation, SRPK1 and SRPK2 have been found 

overexpressed and/or with oncogenic activity in different types of cancer including breast, 

colon, gastric cancer, leukemia, melanoma, non small cell lung carcinoma, squamous cell lung 

carcinoma, glioma, ovary, prostate, among others (Bullock et al., 2016; Gammons et al., 2014; 

Goncalves et al., 2014; Gout et al., 2012; Jang et al., 2008; Odunsi et al., 2012; Van Roosmalen 

et al., 2015; Wu et al., 2014; Xu et al., 2017). Mechanistically, the role of SRPKs in tumorigenesis, 

has been credited, for example, to their benefits to the expression of pro-oncogenic MAP2K1 

and MAP2K2 and pro-angiogenic VEGF (Gammons et al., 2014; Hayes et al., 2007). Moreover, 

recent studies showed that high SRPK1 expression correlates with poor outcome of patients and 

metastasis of breast and prostate cancers (Bullock et al., 2016; Van Roosmalen et al., 2015). 

Regarding leukemia, the oncogenic activity of SRPKs has already been demonstrated as 

crucial for the leukomogenesis process. Leukemia is the cancer of blood cells that results from 

cell differentiation and uncontrolled proliferation during hematopoiesis in the bone marrow 

(Figure 7) (Morlando et al., 2015). Thus, leukemia refers to a heterogeneous group of 

hematologic malignancies classified into chronic and acute leukemia and further classified based 
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on cell lineage into myeloid and lymphoid. There are four major types of leukemia: chronic 

myeloid leukemia (CML), chronic lymphocytic leukemia (CLL), acute myeloid leukemia (AML), 

and acute lymphocytic leukemia (ALL) (Al Omair, 2015; Arber et al., 2016). Leukemia is the most 

common cancer in children and teens, accounting for almost 1 out of 3 cancers. Most childhood 

leukemias are acute lymphocytic leukemia (ALL). Most of the remaining cases are acute myeloid 

leukemia (AML). Estimates from the Instituto Nacional de Câncer José Alencar Gomes da Silva 

(INCA-Brazil) indicate that in 2013 occurred more than 6000 deaths in Brazil due to leukemia 

and by the year 2018 are expected 10800 new cases of the disease. SRPK1 has been found to be 

overexpressed in patients with acute lymphocytic leukemia and chronic myeloid leukemia 

(Hishizawa et al., 2005; Salesse et al., 2004). In this context, a recently study based on CRISPR 

dropout screen identified SRPK1 as a key epigenetic regulator of BRD4, a gene often required 

for the expression of Myc and other tumor driving oncogenes in hematologic cancers (Tzelepis 

et al., 2016). High levels of SRPK2 has been also found overexpressed in acute myeloid leukemia 

cell lines and in acute lymphocytic leukemia specimens from clinically diagnosed patients. In this 

case, the overexpression of SRPK2 have been correlated to cell proliferation through the SR 

protein hyperphosphorylation and cyclin A1 expression (Jang et al., 2008). 

Although the role of SRPKs in the alternative splicing in leukemias still needs to be better 

elucidated, Cunningham and colleagues (2013) showed that the tumor suppressor WT1 

regulates murine hematopoiesis via alternative splicing of VEGF (Cunningham et al., 2013). It is 

clear that WT1 mediates transcriptional repression of SRPK1, which alters mRNA splicing of VEGF 

reducing the expression of the pro-angiogenic isoform VEGF165b (Amin et al., 2011). 

In addition, the key role played by SRPKs in mRNA processing is particularly apparent in 

studies on other pathological conditions, such as viral infection  by herpes simplex, hepatitis B, 

papilloma virus and HIV (Giannakouros et al., 2011); vascular disorders such as 

neovascularization choroidal (Gammons et al., 2013); and neurodegenerative diseases, in which 

SRPK2 participates in the neuronal survival, cell cycle progression, and memory determination 

iŶ Alzheiŵeƌ͛s disease (Chan and Ye, 2013). 

Therefore, these data collectively suggest that SRPK are potential targets for the 

development of new chemotherapeutic agents for treating cancer and other disorders. 
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Figure 7: Differentiation of the hematopoietic system. Hematopoietic stem cells can give rise 

to all the cell types of the peripheral blood through the development of lymphoid and myeloid 

progenitors (This figure was extected from King and Goodell, 2011). 

 

1.4 SRPK as drug target 

Not so long ago, the approval of imatinibib (Gleevec, Novartis) targeting the Bcr-Abl 

oncoprotein for the treatment of patients with chronic myeloid leukemia (CML) was not only an 

important discovery in targeted cancer therapy, but also highlighted the protein kinases as 

potential drug targets (Wu et al., 2016).  Since then, The US Food and drug Administration (FDA) 

has approved other 36 small-molecule kinase inhibitors (KIs) for use in cancer and/or other 

human disorders (Klaeger et al., 2017).  However, the present success of these drugs is mainly 

achieved by targeting tyrosine protein kinases in the human kinome, which still account for more 

than 75% of all approved small-molecule kinase inhibitor (Wu et al., 2016). These data indicate 

that a small part of the human kinoma have been explored so far and, therefore, that there is 

still a poteŶtial iŶ huŵaŶ ͞dƌugaďle͟ kiŶoŵa to ďe uŶdeƌstood aŶd eǆploƌed ŵoƌe fullǇ. 

Due to their important role in the development and progression of different diseases, the 

serine/threonine protein kinases SRPK1 and SRPK2 have been suggested as potential 

therapeutic targets and some small-inhibitors with important biological effects have already 

been described (Da Silva et al., 2015; Lee and Abdel-Wahab, 2016). In this section, the main 

SRPKs inhibitors described in the literature will be summarized. 

The first inhibitor of SRPK1/2 described was the N-(2-(piperidin-1-yl)- 5-

(trifluoromethyl)phenyl)isonicotinamide, also named SRPIN340 (Figure 8). This molecule has 

been described as an ATP-competitive inhibitor highly selective for both kinases (Fukuhara et 
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al., 2006). Considering its biological effects, SRPIN340 has been characterized as an antiviral 

agent against the replication of several viruses, such as HIV, Sindbis virus, HCV and hepatitis C 

(Anwar et al., 2011; Fukuhara et al., 2006; Karakama et al., 2010). In addition, it presented anti-

angiogenic activity in an ocular murine angiogenesis model (Amin et al., 2011; Dong et al., 2013; 

Gammons et al., 2013) and antitumor activity in a murine xenograft model of melanoma  

(Gammons et al., 2014).  

These promising results stimulated the search for new and more potent inhibitors of 

SRPKs (Figure 8). This is the case of a disubstituted furan inhibitor named SPHINX, which is a 

SRPIN340 derivative able to reduce the expression of pro-angiogenic VEGF isoforms and 

consequently choroidal neovascularization in vivo (Gammons et al., 2013). Pharmacophore 

docking models followed by a high-throughput screening of a large chemical library identified 

the inhibitor SRPIN803, able to promote the dual inhibition of SRPK1 and CK2. This inhibitor 

prevented pro-angiogenic VEGF production more effectively than SRPIN340 and significantly 

inhibited choroidal neovascularization in a mouse model of age-related macular degeneration 

(Morooka et al., 2015). More recently, a more potent and selective inhibitor of SRPK1 has been 

described, SPHINX31. Treatments with this compound inhibited phosphorylation of the splicing 

factor SRSF1, resulting in alternative splicing of VEGF from pro-angiogenic to antiangiogenic 

isoforms. This property resulted in a potent inhibition of blood vessel growth in choroidal 

angiogenesis in vivo (Batson et al., 2017).  

Therefore, these data indicates that the SRPKs inhibitors described so far may be 

considered as starting point for the development of novel potential antineoplastic drugs. 

 

Figure 8: SRPK inhibitors with relevant biological activity. With exception of SRPIN803, all these 

inhibitors have in common the trifluoromethyl arylamide moiety. 

 

  



11 
 

1.5 Aims of the thesis 

Based on the hypothesis that SRPK1 and SRPK2 dysregulation can lead to the biogenesis 

and progression of several cancers, including leukemia, the specific objectives of this thesis 

were: 

 To investigate the in vitro antileukemia potential of SRPK pharmacological inhibition by 

SRPIN340 (Chapter 2). 

 To assess the antileukemia potential of novel trifluoromethyl arylamides derived from 

SRPIN340 (Chapter 3). 
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2.1 Abstract 

Dysregulation of pre-mRNA splicing machinery activity has been related to the biogenesis 

of several diseases. The serine/arginine-rich protein kinase family (SRPKs) plays a critical role in 

regulating pre-mRNA splicing events through the extensive phosphorylation of splicing factors 

from the family of serine/arginine-rich proteins (SR proteins). Previous investigations have 

described the overexpression of SRPK1 and SRPK2 in leukemia and other cancer types, 

suggesting that they would be useful targets for developing novel antitumor strategies. Herein, 

we evaluated the effect of selective pharmacological SRPK inhibition by N-(2-(piperidin-1-yl)-5-

(trifluoromethyl)phenyl)isonicotinamide (SRPIN340) on the viability of lymphoid and myeloid 

leukemia cell lines. Along with significant cytotoxic activity, the effect of treatments in regulating 

the phosphorylation of the SR protein family and in altering the expression of MAP2K1, MAP2K2, 

VEGF and FAS genes were also assessed. Furthermore, we found that pharmacological inhibition 

of SRPKs can trigger early and late events of apoptosis. Finally, intrinsic tryptophan fluorescence 

emission, molecular docking and molecular dynamics were analyzed to gain structural 

information on the SRPK/SRPIN340 complex. These data suggest that SRPK pharmacological 

inhibition should be considered as an alternative therapeutic strategy for fighting leukemias. 

Moreover, the obtained SRPK-ligand interaction data provide useful structural information to 

guide further medicinal chemistry efforts towards the development of novel drug candidates. 

 

Keywords 

Serine/arginine-rich protein kinases, SR proteins, cancer, leukemia, SRPIN340, pre-mRNA 

splicing, docking, molecular dynamics, intrinsic fluorescence analyses, MAP2K1, MAP2K2, VEGF, 

FAS,  mAb1H4 
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2.2 Introduction 

More than 90% of all human transcribed genes may undergo alternative splicing, a 

mechanism that allows a considerable increase of the encoding potential of eukaryotic genomes 

(Wang et al., 2008). This process leads to the expression of different protein isoforms that may 

possess even antagonistic functions, as occurs with VEGF pro- and anti-angiogenic isoforms 

(Fedorov et al., 2011; Harper and Bates, 2008). Pre-mRNA splicing flexibility plays a key role in 

tissue development and cell response to external stimuli, unsurprisingly explaining why 

dysregulation of these events has been related to the biogenesis of many human diseases, 

including cancer (Bourgeois et al., 2004; Fedorov et al., 2011; Ward and Cooper, 2010). 

Regulation of pre-mRNA splicing involves hundreds of auxiliary factors that control 

splicing site selection, spliceosome assembly and splice reaction (Bourgeois et al., 2004; Wahl et 

al., 2009). The serine/arginine protein family (SR proteins) constitutes an important group of 

splicing factors responsible for delimitating intron and exon boundaries in pre-mRNAs 

(Bourgeois et al., 2004; Long and Caceres, 2009). These proteins act in response to 

environmental changes and are structurally characterized by an amino-terminal portion 

possessing one or two RNA-binding domains (RRM) and a carboxy-terminal portion comprising 

a domain rich in serine and arginine residues (RS) (Cho et al., 2011; House and Lynch, 2008). 

These serine residues are extensively phosphorylated by different kinases, notably by 

serine/arginine-rich protein kinases (SRPKs) (Giannakouros et al., 2011). This kinase family 

possesses a bi-lobular kinase domain separated by a divergent spacer region that is targeted by 

molecular chaperones in the context of the EGFR/PI3K/Akt/SRPK signaling pathway 

(Giannakouros et al., 2011). The signaling module EGFR/PI3K/AKT is commonly related to 

multiple cancers and constitutes the major activation mechanism known for SRPKs to date 

(Courtney et al., 2010; Wong et al., 2010; Zhong et al., 2009; Zhou and Fu, 2013). Activated 

“‘PKs, iŶ tuƌŶ, ƌegulate “‘ pƌoteiŶs͛ Đellulaƌ suďloĐalizatioŶ, spliĐiŶg site seleĐtioŶ aŶd 

interaction with additional protein factors (Aubol et al., 2013; Jang et al., 2008). Moreover, 

SRPKs can also activate AKT in the cytosol through a mechanism involving the phosphatase 

pleckstrin homology (PH) domain leucine-rich repeat protein phosphatase PHLPP (Wang et al., 

2014). 

Overexpression and dysregulation of SRPKs have been characterized as important factors 

in promoting cell proliferation in many human cancers including leukemia, pancreatic, breast, 

colon, lung, ovarian and melanoma (Gammons et al., 2014; Gout et al., 2012; Hayes et al., 2007, 

2006; Jang et al., 2008; Wu et al., 2014). Considering leukemias, SRPK1 has been found to be 

overexpressed in patients with acute lymphoblastic leukemia and chronic myeloid leukemia 

(Hishizawa et al., 2005; Salesse et al., 2004). High levels of SRPK2 in some acute myeloid 
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leukemia cell lines and in acute lymphoblastic leukemia specimens have been correlated to cell 

proliferation through the acinus SR protein hyperphosphorylation and cyclin A1 expression (Jang 

et al., 2008). In general, it is believed that overexpression of SRPKs may alter the proper activity 

of SR factors on their primary transcript target, favoring the expression of splicing isoforms that 

contribute to tumorigenic processes (Zhou and Fu, 2013). Hence, the available data suggest that 

SRPK inhibition could control tumor cell proliferation (Hayes et al., 2006; Jang et al., 2008). 

Previous high throughput screening campaigns have identified the N-(2-(piperidin-1-yl)-

5-(trifluoromethyl)phenyl)isonicotinamide, also named SRPIN340, as an ATP-competitive 

inhibitor that is highly selective for SRPK1 and SRPK2 (Fukuhara et al., 2006). This inhibitor has 

been characterized as an antiviral agent against the replication of several viruses, such as HIV, 

Sindbis virus, HCV and hepatitis C (Anwar et al., 2011; Fukuhara et al., 2006; Karakama et al., 

2010). In addition, it presented anti-angiogenic activity in an ocular murine angiogenesis model 

(Amin et al., 2011; Dong et al., 2013; Nowak et al., 2010; Oltean et al., 2012) and antitumor 

activity when locally injected into human melanoma tumors developed in mice transplanted 

with human melanoma cells (Gammons et al., 2014). 

Considering that SRPK dysregulation can lead to AKT hyperactivation and can additionally 

generate multiple abnormal protein isoforms involved in the biogenesis and progression of 

several cancers, this work describes an in vitro evaluation of the antileukemia potential of SRPK 

phaƌŵaĐologiĐal iŶhiďitioŶ. IŶ additioŶ, stƌuĐtuƌal data that ŵight eǆplaiŶ “‘PINϯϰϬ͛s iŶhiďitoƌǇ 

activity on SRPK2 are also described. 

 

2.3 Experimental Procedures 

2.3.1 Cell lines 

The leukemia cell lines used were K562 (chronic myelogenous leukemia - CML); KG1 and 

HL60 (acute myelogenous leukemia - AML); Jurkat, TALL, and Molt4 (T-cell acute lymphoblastic 

leukemia – ALL-T); and RS4, 697, and Nalm6 (B-cell acute lymphoblastic leukemia – ALL-B). K562, 

HLϲϬ, ‘“ϰ, aŶd ϲϵϳ ǁeƌe kiŶdlǇ pƌoǀided ďǇ Dƌ. “heila A. “huƌtleff ;“t. Jude ChildƌeŶ͛s ‘eseaƌĐh 

Hospital, Memphis, TN). The Nalm6 cell line was provided by Dr. Angelo Cardoso (Dana-Farber 

Cancer Institute, Boston, MA). TALL was kindly provided by Dr. Joao T. Barata (Instituto de 

Medicina Molecular, Lisboa, Portugal). The KG1, Molt4, and Jurkat cell lines were provided by 

Dr. Alexandre E. Nowill (Centro Integrado de Pesquisas Oncohematológicas da Infância, 

UNICAMP, Campinas, Brazil). Cells were cultivated in RPMI 1640 (Sigma) medium supplemented 

with 10% (v/v) fetal bovine serum (FBS) (LGC Biotecnologia), 100 g/mL streptomycin, and 100 

uŶits/ŵL peŶiĐilliŶ at pH ϳ.Ϯ aŶd ϯϳ⁰C uŶdeƌ a ϱ% CO2 atmosphere. 
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2.3.2 Isolation of PBMC from human blood 

Peƌipheƌal ďlood ǁas ĐolleĐted iŶ EDTA tuďes, diluted ǁith aŶ eƋual ǀoluŵe of HaŶk͛s 

balanced salt solution (HBSS) and mixed gently. All procedures were performed according to 

ethics considerations of the Declaration of Helsinki and were approved by the ethics committee 

of the Universidade Federal de Viçosa. Afterwards, samples were layered onto a cushion of 

Histopaque 1077 (Sigma) and centrifuged at room temperature for 30 min at 400 xg. 

Mononuclear cells were collected from the interface, washed twice in HBSS, and centrifuged at 

room temperature for 8 min 240 xg. These cells were resuspended in complete RPMI 1640 

medium supplemented with 10% fetal bovine serum and 1% (v/v) phytohemagglutinin (Gibco) 

and counted using a Neubauer chamber for the following experiments. 

 

2.3.3 SRPK inhibitor synthesis 

Compound N-(2-(piperidin-1-yl)-5-(trifluoromethyl)phenyl)isonicotinamide (SRPIN340) 

was synthesized as published previously (Fukuhara et al., 2006). 

 

2.3.4 MTT cell viability assay 

Leukemic cells (5x104 cells/well) and isolated PBMCs (8x104 cells/well) were seeded in 96-

well plates. Each well contained 100 µL of complete RPMI medium and 100 µL of SRPIN340 

solution at different concentrations. The compound was diluted in RPMI medium with 10% fetal 

bovine serum and 0.4% DMSO (v/v). After 48 h of culture, MTT (5 mg/mL, Sigma) was added to 

the ǁells ;ϯ h, ϯϳ⁰CͿ. The plates ǁeƌe ĐeŶtƌifuged at room temperature for 30 min 500 xg, 

followed by the removal of the MTT solution and the addition of 100 µL/well of DMSO (Sigma) 

to solubilize the formazan. Absorbance was measured at 540 nm in a microplate reader (Sinergy 

HT, Biotek). Each experimental procedure was performed in triplicate. 

 

2.3.5 Flow cytometry assays 

Cultured cells were seeded on a 96-well plate at a density of 105 cells/well. After 

treatments, cells were labeled using an FITC Annexin V apoptosis detection kit I (BD Biosciences) 

aĐĐoƌdiŶg to the ŵaŶufaĐtuƌeƌ͛s pƌotoĐol. “uďseƋueŶtlǇ, Đell saŵples ǁeƌe suďŵitted to 

analysis by flow cytometry (FACS Verse, BD Bioscience). Results were analyzed by FlowJo 

software. 

 

2.3.6 RT-PCR and RT-qPCR Analysis 

mRNA was extracted from leukemic cells using Tri Reagent (Sigma) according to the 

ŵaŶufaĐtuƌeƌ͛s pƌotoĐol. “aŵples ǁeƌe ƋuaŶtified ďǇ speĐtƌophotoŵetƌǇ ;NaŶoDƌop, Theƌŵo 



18 
 

Scientific) and analyzed for integrity in 1% agarose gel. Afterwards, the RNA was used for first-

strand cDNA synthesis using the Super Script First-Strand kit (Invitrogen) according to the 

ŵaŶufaĐtuƌeƌ͛s pƌotoĐol. TheŶ, the ĐDNA ǁas used to aŵplifǇ eaĐh fƌagŵeŶt of iŶteƌest ďǇ PC‘ 

using the GoTaq Green Master Mix (Promega) kit, and the products were separated in 1% or 2% 

agarose gels. Quantitative gene expression analyses (RT-qPCR) were performed in an ABI Prism 

7500 Sequence Detector system (Applied Biosystems) using SYBR Green I dye (SYBR Green PCR 

Master Mix, Applied Biosystems). cDNAs, obtained as described above, were used as the 

template for amplifications following the manufacturer's protocols. All primers used in the RT-

PCR and RT-qPCR assays are listed in Supplementary Table 1. 

 

2.6.7 Western Blot Analysis 

Cells were counted using a Neubauer chamber and washed once in phosphate buffered 

saline (PBS). Cells were lysed in PBS containing 1% (v/v) NP40, 1 mM EDTA, 150 mM NaCl, 

protease and phosphatase inhibitors (Sigma), and 10 mM Tris (pH 7.4) at a concentration of 

2x107 cells/mL in lysis buffer. Samples were incubated on ice for 10 minutes, lysed by pipetting, 

and centrifuged for 10 minutes at 15000 xg to remove insoluble cellular debris. An equal volume 

of 2X sample buffer containing 4% (w/v) SDS, 0.2% (w/v) bromophenol blue, 20% (v/v) glycerol, 

aŶd ϭϬϬ ŵM Tƌis ;pH ϲ.ϴͿ ǁas added to the supeƌŶataŶt. TheŶ, the saŵples ǁeƌe heated to ϳϬ⁰C 

for 10 min. Approximately 1.5x105 cell equivalents were loaded per well of 10% Bis-Tris SDS – 

polyacrylamide gel electrophoresis. Afterwards, proteins were transferred to a polyvinylidene 

difluoride (PVDF) membrane (GE Healthcare), blocked overnight in PBS containing 5% (w/v) skim 

milk powder, and then incubated for 2 h with primary antibody solutions. Specific kinases were 

detected using 1:4000 dilutions of anti-SRPK1 and anti-SRPK2 (BD Biosciences). Phosphorylated 

SR proteins were detected using a 1:1000 dilution of mAb1H4 (Invitrogen) specific for a 

phospho-epitope common to multiple SR proteins. Each blot was re-probed with a 1:1000 

dilution of anti-actin (Sigma), used as an endogenous control in all experiments. Blots were 

washed in PBS-Tween (PBS-T) and incubated for 2 h in a 1:5000 dilution of a peroxidase-

conjugated secondary antibody. Then, proteins were visualized using a Super Signal West Pico 

Chemiluminescent Substrate Kit (Thermo Scientific). 

 

2.3.8 Cloning, expression and purification procedures 

The clone pCMV-SPORT6-SRPK2 was purchased from the Mammalian Gene Collection 

(Invitrogen). This clone allowed amplification of full-length SRPK2 cDNA by PCR and subcloning 

into the pET28a-HIS-TEV vector (Carneiro et al., 2006), a modified version of the bacterial 

expression vector pET28a (Novagen). The following primers were used: forward primer 5'-
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GAGCTCATGTCAGTTAACTCTGAGAAGTCG-3' and reverse primer 5'-

GTCGACCTAAGAATTCAACCAAGGATGCC-ϯ͛. EǆpƌessioŶ of “‘PKϮ N-terminally fused to 

6xHistidine (6xHis) was induced in Escherichia coli (BL21) by 0.25 mM isopropyl thio-β-D-

galactoside (IPTG) for 2 h at 30°C. After harvesting, the pellets were resuspended in 20 mM 

phosphate, 500 mM NaCl, and 20 mM imidazole at pH 7.4. Lysis was performed by adding 5 U 

of DNAse (Fermentas) and 30 µg/mL of lysozyme (Sigma) followed by 30 min of incubation on 

ice and disruption by 10 cycles of sonication. Supernatants were obtained after centrifugation 

at 24586 xg for 15 min at 4oC. The obtained supernatants were loaded onto a HiTrap Chelating 

HP column (GE Healthcare) coupled to an AKTA FPLC (GE Healthcare) equilibrated with lysis 

buffer. The 6xHis-SRPK2 was eluted by a gradient of 0 – 500 mM. The obtained Ni2+ affinity-

purified fractions were dialyzed against a buffer containing 10 mM phosphate at pH 7.5. After a 

2-fold dilution, samples were then loaded onto a CHT Ceramic Hidroxy Hepatite type II (Biorad) 

resin ion-exchange column. Proteins were eluted by a gradient of 0 - 500 mM phosphate. The 

efficiency of each purification step was verified by 10% SDS-PAGE. The following dialyses were 

performed against the sample buffer: 25 mM Tris-HCl, ϭϬϬ ŵM NaCl, ϭ ŵM β-mercaptoethanol, 

and 2 mM EDTA at pH 7.5. 

 

2.3.9 Fluorescence Spectroscopy 

Intrinsic tryptophan fluorescence emission was measured using a fluorescence 

spectrophotometer F-4500 (Hitachi). SRPK2 emission spectra were acquired at 20°C using 1 µM 

of protein dissolved in 25 mM Tris-HCl (pH 7.5) buffer, 100 mM NaCl, 1 mM EDTA and 1 mM β-

mercaptoethanol in a 1.0 x 0.2 cm quartz cuvette. Tryptophan residues were excited at 295 nm, 

and the fluorescence emission was collected from 300 nm to 420 nm. SRPK2 spectra were 

aŶalǇzed ďǇ ŵeaŶs of the ŵaǆiŵuŵ fluoƌesĐeŶĐe ǁaǀeleŶgth ;ʄmax) and the spectral center of 

ŵass ;<ʄ>Ϳ folloǁiŶg the eƋuatioŶ <ʄ>=;ƩʄiFiͿ/;ƩFiͿ, ǁheƌe ʄi is the fluorescence wavelength and 

Fi is the fluorescence intensity at a given wavelength. 

SRPK2 at 1 µM was titrated with SRPIN340 or the ATP analog adenosine 5'-(beta, gamma-

imino)triphosphate (AMPPNP). All spectra were corrected by inner filter effects due to ligand 

absorption, and the dissociation constant (KD) for the SRPK2-SRPIN340 interaction was 

calculated as described previously (Silva et al., 2013). 

 

2.3.10 Computational Analyses 

Atomic charges and optimal geometry of the tridimensional structure of SRPIN340 were 

calculated by DFT quantum calculations at the B3LYP/6-31G* level using the CHELPG method 

(Breneman and Wiberg, 1990). All calculations were carried out in GAMESS software (Schmidt 
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et al., 1993). Then, quantum charges were implemented to the topology generated by the 

PRODRG server (Schüttelkopf and Van Aalten, 2004). All SRPK2 structures found in the Protein 

Data Bank (PDB; www.pdb.org) repository are truncated forms lacking the spacer insert domain 

(SID), amino acids A236-R507. Structure PDB ID 2X7G was solved based on a SRPK2 recombinant 

version presenting the segments A236-P256 and A508-D510, generating a SID-like loop. Because 

this 2X7G crystal structure lacks some coordinates of SID-like loop atoms, they were modeled 

using the Swiss Model server. The obtained model SRPK2-SID-like loop comprising the amino 

acids A236-P256 and A508-D510 was then used as a target for SRPIN340 docking. For 

simplification, "SRPK2-SID-like loop structure" is herein named "SRPK2 structure". Docking 

assays were carried out inside of the SRPK2 ATP binding pocket, as previously identified for 

SRPK1  (Ngo et al., 2008). Fifty poses of SRPIN340 bound to SRPK2 were generated using the 

software Auto Dock 4.2.5.1, exploring the conformational space of the ligand through a genetic 

algorithm while the target protein was considered a rigid body (Morris et al., 2009). Poses were 

ranked according to the lowest energy and best interaction network using the Auto Dock 4 

scoring function (Huey et al., 2007). 

Molecular dynamics simulations were carried out on the SRPIN340/SRPK2 complexes 

using the GROMACS 4.5.5 software package (Pronk et al., 2013). First, SRPK2 topology was built 

using the Gromos53a6 force field (Oostenbrink et al., 2004). A single point charge extended 

(SPC/E) water model was used to fill up a cubic water box built around previously generated 

SRPIN340/SPRK2 complexes. Moreover, amounts of Na+ and Cl- corresponding to a 

concentration of 0.15 M were added to the system to neutralize protein net charges and mimic 

the cellular environment. After a careful minimization protocol, equilibration protocols were 

applied to ensure a proper thermodynamic description of the system. The system was 

equilibrated for 4 ns using NVT assemble (constant number of moles, volume and temperature) 

and NPT assemble (constant number of moles, pressure and temperature), consecutively. 

Additionally, restraint forces (Fc = 1000 kcal/mol.nm²) were used for all non-hydrogen atoms to 

reach a temperature stabilization of 298 K and pressure stabilization of 1 bar. Afterwards, a non-

restrained production phase of molecular dynamics was performed using an integration step of 

2 fs by the leap-frog algorithm for a trajectory of 400 ns. A cut-off of 10 Å was adopted to 

calculate long-range interactions. Simulations were performed in a cluster Silicon Graphics 

International (SGI Inc.). 

 

2.3.11 Statistical analysis 

All numeric data were derived from at least three independent experiments and are 

shown as means ± standard deviation. Analyses were performed using Microsoft Excel 
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(Microsoft Office Software), GraphPad Prism (GraphPad Software Inc.) and ImageJ. Statistical 

aŶalǇses ǁeƌe doŶe ďǇ paiƌed “tudeŶt͛s T tests. *P <Ϭ.Ϭϱ oƌ **P <Ϭ.Ϭϭ ǁas ĐoŶsideƌed 

significant. 

 

2.4 Results 

2.4.1 Expression of SRPK1 and SRPK2 in leukemia cells 

To expand previous findings (Jang et al., 2008) and gain further information about the 

relative proportion between SRPK1 and SRPK2 expression among the leukemia cells used in this 

work, we evaluated the expression of SRPK1 and SRPK2 in a panel of leukemia cell lineages from 

different origins and genetic backgrounds. 

Whereas no large differences in SRPK1 protein expression among the lineages were 

observed, at the protein level (Figure 9A), SRPK2 presented a distinct elevated expression in 

lineages of lymphoid origin, such as Molt4, TALL, Jurkat (ALL-T) and RS4 (ALL-B). Additionally, 

Molt4, TALL, Jurkat and RS4 cells presented a higher SRPK2 protein expression compared to 

SRPK1. Further RT-qPCR experiments revealed that among the nine lineages studied, only Molt4 

and Jurkat presented correlations between mRNA and protein levels, indicating that additional 

layers of complexity involving the gene expression control of these kinases might exist in these 

cells, which deserves additional investigation in future studies (Figure 9B). We also used human 

PBMC as a control for non-transformed cells in Western blotting and RT-qPCR experiments. 

However, SRPK1 and SRPK2 were barely expressed (Supplementary Figure 1) or were even 

undetected in these assays (Figure 9A). 

Taken together, these results demonstrate that the expression of SRPK1 and SRPK2 are 

proportionally distinct among the leukemia cells analyzed. Moreover, a clear correlation 

between mRNA and protein levels could not be found, reflecting the genetic diversity of these 

cells and possibly their outcomes during drug treatments. 

 

2.4.2 Effect of SRPK pharmacological inhibition on leukemia cell viability and death 

The emerging relevance of SRPKs as targets for pharmacological intervention has 

motivated the identification of the inhibitor SRPIN340 (SR Protein Inhibitor 340) and, more 

recently, its derivative SPHINX (SR Protein Inhibitor X). These compounds seem to possess 

equivalent biological properties in terms of potency, inhibition of SR protein phosphorylation, 

reduction in the expression of pro-angiogenic VEGF, and suppression of choroidal 

neovascularization (Gammons et al., 2013). Because SRPIN340 activity has been extensively 

characterized and used in different studies to date, it was chosen as a prototype for 

pharmacological intervention in leukemia cells here. 
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The cytotoxic potential of SRPIN340 was evaluated against CML, AML, ALL-B and ALL-T 

cell lineages. All evaluated cell lines were sensitive to the treatments, indicating that SRPK 

inhibition indeed yields an overall antileukemia effect in vitro (Figure 10A). Half-maximal 

inhibitory concentration values (IC50) (Table 1) were determined and revealed that, in general, 

myeloid leukemias were more sensitive than lymphoid ones. In this case, the AML HL60 was the 

most sensitive (IC50 of 44.7 µM) compared with ALL-T Molt4 and Jurkat (IC50 values of 92.2 µM 

and 82.3 µM, respectively). Moreover, although an accurate IC50 value could not be determined 

at higher compound concentrations, PBMC seemed to be less sensitive to SRPIN340 than the 

leukemia lineages evaluated. This suggests that SRPK pharmacological inhibition can selectively 

affect tumor cell survival. 

Furthermore, Annexin V/PI staining assays were performed to evaluate whether the 

effect of SRPIN340 treatment impacts Jurkat apoptosis. After 6 h of drug exposure, the cell 

population in the initial events of apoptosis (Annexin V positive) was approximately twice as 

high as the control group treated with DMSO for 12 h (values ranged from 1.6 to 4.5%) (Figure 

10B). Increasing exposure time to the compound resulted in raising the PI/Annexin V positive 

cells, indicating the occurrence of later events of apoptosis (Figure 10B). Therefore, SRPIN340 

can trigger early and later events of apoptosis in leukemia cells. 

 

2.4.3 Impact on SRPK cellular activity 

In the following experiments, we attempted to confirm whether SRPIN340 treatment 

affects cellular pathways targeted by SRPKs. As was previously reported, the expression or 

splicing pattern of transcripts encoding for MAP2K1, MAP2K2, VEGF and FAS are influenced by 

SR proteins or SRPK activity (Amin et al., 2011; Clery et al., 2013; Hayes et al., 2007). We 

observed that both MAP2K transcripts had their expression impaired during SRPIN340 

treatment (Figure 11). These effects were more pronounced for MAP2K1, which had its 

expression reduced mainly at a prolonged incubation time. Additionally, we observed a 

reduction in the pro-angiogenic VEGF165 isoform and an increase in the pro-apoptotic FAS 

isoform expression during the treatments. Although we could not detect clear changes in 

splicing in leukemias, SRPIN340 changed the splicing of MAP2K1 in HeLa cells (Supplementary 

Figure 2), suggesting that different cancer lineages may respond differently to SRPK inhibition. 

The SR protein phosphorylation status was also investigated using a monoclonal antibody 

able to detect different phospho-SR protein epitopes (Kim et al., 2014; Zahler et al., 1992). As 

expected, the SR protein phospho-epitope signal decreased during treatments of both the HL60 

and Jurkat lineages (Figure 12). 



23 
 

Overall, these results confirm that the observed decrease in leukemia cell viability upon 

SRPIN340 treatment is related to an effect on pathways targeted by SRPK activity. 

 

2.4.4 Insights on SRPIN340-SRPK complexes 

Once we observed the pharmacological effect of SRPIN340 in leukemia cells, we sought 

to investigate possible molecular interactions underlying its binding to SRPKs. While high-

resolution crystallographic structures of the complex SRPIN340/SRPKs have not been solved to 

date, computational approaches were used to infer possible binding sites into SRPK structures 

currently available in PDB. A comparison of amino acid sequences revealed that both kinases 

are highly similar in their kinase domains (Wang et al., 1998) (Supplementary Figure 3), 

explaining why SRPIN340 can inhibit both SRPK1 and SRPK2 (Fukuhara et al., 2006). Considering 

this structural similarity, the position of the ATP analog, previously co-crystallized with SRPK1 

(Ngo et al., 2008), allowed the prediction of its binding site into SRPK2 (Figure 13A), the paralog 

chosen to be studied herein, because its mechanisms in leukemia tumorigenesis have been 

previously well determined (Jang et al., 2008). 

Because SRPIN340 behaves as an ATP competitive inhibitor (Fukuhara et al., 2006), 

docking assays were carried out inside the ATP binding pocket. To take into account protein 

flexibility and eventual induced fit effects, SRPIN340/SRPK2 complexes corresponding to the 

best two poses obtained by docking procedures, namely "pose A" and "pose B", were selected 

and used as inputs for molecular dynamics simulations. RMSD calculations demonstrated that 

both systems reached stability after 200 ns of simulation (data not shown). In both complexes, 

the SRPIN340 molecules displayed stable conformations inside the SRPK2 catalytic pocket after 

200 ns, maintaining the same network interactions throughout the additional 200 ns. The space 

occupied by SRPIN340 on pose A and B throughout simulation is shown as a blue and green area, 

respectively (Figure 13A). 

Interestingly, the ATP analog docked into ATP binding site (orange sticks) clearly shows 

higher superposition to the blue region occupied by SRPIN340 during the molecular dynamics of 

"pose A", which then seems to better explain the mechanism of competitive inhibition. In this 

sense, SRPIN340 at "pose A" is additionally stabilized by T-shaped and sandwich pi-stacking 

interactions with W89 during the last 200 ns (Figure 13B). The simulations also show residues 

L87, W89, V95, A108, F166, L169, Y228, A529 and P247 acting together to form a network of 

hydrophobic interactions with SRPIN340. These contacts on the SRPK2/SRPIN340 complex were 

measured throughout the trajectory in the last 200 ns (Table 2). The most prominent biding 

groups, with low distance standard deviations, were a benzene ring, CF3 and a pyridine ring, 

either in pose A or B. 
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Furthermore, a solvent accessible surface area (SASA) analysis revealed more exposure to 

polar solvents of tryptophan amino acid residues in structures of "pose A" by approximately 100 

Å2 (Figure 13C). This finding might have interesting implications if considered together with the 

following intrinsic tryptophan fluorescence analysis confirmation (see below). 

Together, these data can yield important information for the rational design of novel 

derivatives with increased potency and pharmacological potential. 

 

2.4.5 Intrinsic tryptophan fluorescence studies 

To further understand the structural aspects of SRPK inhibition by SRPIN340, fluorescence 

spectroscopy experiments using tryptophan residues as probes were carried out. The SRPK2 

fluoƌesĐeŶĐe speĐtƌuŵ at a ʄmax of ϯϰϬ ± ϭ Ŷŵ aŶd a <ʄ> of ϯϰϳ.ϭ ± Ϭ.ϲ Ŷŵ, iŶdiĐates that, oŶ 

average, the SRPK2 W residues are partially exposed to the polar solvent (Figure 14A). For a 

control, the effect of DMSO (vehicle) on the tertiary structure was also evaluated. 

Concentrations up to 5% of DMSO did not affect the overall SRPK2 W emission spectrum, 

assuring that all observed effects are due to the presence of SRPIN340 in solution (Figure 14A). 

The titration of SRPK2 with SRPIN340 resulted in a clear intrinsic fluorescence suppression 

(Figure 14BͿ, as ǁell as iŶ a slight ƌedshift iŶ the ʄmax aŶd <ʄ> eƋual to 342 ± 1.0 nm and 351 ± 

0.6 nm, respectively, at 15 µM SRPIN340 (Figure 14B). These results indicate an increase in W 

residues exposed to the solvent, suggesting that SRPK2 undergoes conformational changes in 

the presence of SRPIN340 (see also Figure 13C). The titration data additionally allowed the 

calculation of the dissociation constant (KD) for the SRPK2/SRPIN340 interaction equal to 1.6 ± 

0.3 µM (Figure 14C). Furthermore, tryptophan fluorescence analysis upon ATP analogue 

addition revealed no significant effects on the SRPK2 structure, even at higher ligand 

concentrations (Figure 14D). These data suggest that, compared to ATP, SRPIN340 may undergo 

different binding modes or access a different interaction network at the SRPK ATP binding 

pocket, but still act as its inhibitor, which agrees with the computational analyses performed 

(Figure 13). 

 

2.5 Discussion 

Dysregulation of SR protein phosphorylation by SRPKs has been shown to play a key role 

in cancer (Zhou and Fu, 2013). In leukemia cells, SRPK2 overexpression leads to 

hyperphosphorylation of the splicing factor acinus, which in turn is responsible for increasing 

the transcription level of cyclin A1 and affecting cell proliferation (Jang et al., 2008). SRPK1 and 

SRPK2 have also been observed to be overexpressed in various other human cancers, including 

pancreatic, breast, colon, lung and ovarian (Gout et al., 2012; Hayes et al., 2007, 2006; Odunsi 
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et al., 2012). SRPK-altered expression impacts the overall pre-mRNA normal splicing and gene 

expression program, allowing cancer cells to increase their proliferation, invasiveness, 

angiogenic potential and apoptosis escape (Jang et al., 2008; Naro and Sette, 2013). Moreover, 

high SRPK levels have also been co-related to tumor grade and resistance to chemotherapy 

(Hayes et al., 2007, 2006; Odunsi et al., 2012). Thus, much accumulated data points to the fact 

that SRPKs are functionally relevant for tumor cells, revealing that they can serve as a target for 

pharmacological intervention. 

In previous immunoblotting analyses, high levels of SRPK2 have been found in leukemic 

bone marrows samples (n = 5), but SRPK2 is undetectable in normal bone marrow counterparts 

(Jang et al., 2008). To find additional information on SRPK expression in leukemia, we analyzed 

the protein and mRNA levels of SRPK1 and SRPK2 in different leukemia cell lineages herein 

(Figure 9). Both kinases were found with elevated expression in all cell lines evaluated, but none 

of them could be detected at significant levels in the PBMCs by Western blotting or RT-qPCR 

(Figure 9 and Supplementary Figure 1). These data are in agreement with previous studies 

reporting that SRPK1 and SRPK2 are overexpressed in primary bone marrow leukemia samples 

in comparison with healthy ones (Hishizawa et al., 2005; Jang et al., 2008; Salesse et al., 2004). 

Additionally, considering protein levels, the proportions of SRPK1 and SRPK2 were 

different among the lineages studied, reflecting the existence of different regulatory 

mechanisms operating in these cells to yield altered SRPK1 and SRPK2 expression. It is important 

to notice that the SRPK2 protein expression was higher than that of SRPK1 in the lineages ALL-T 

(Molt4, TALL and Jurkat) and ALL-B (RS4) (Figure 9A). This difference is intriguing and certainly 

would impact therapies based on compounds presenting specificity for SRPK1 or SRPK2. 

Therefore, these gene expression data, along with others previously reported (Hishizawa et al., 

2005; Jang et al., 2008; Salesse et al., 2004), reinforce the fact that the therapeutic potential of 

SRPK inhibition should be considered against hematological malignances. 

Based on these accumulated SRPK1 and SRPK2 gene expression data, we aimed to 

investigate the cytotoxic effect of the SRPK inhibitor SRPIN340 on leukemia cells (Fukuhara et 

al., 2006). This substance has been previously shown to be selective for SRPK1 and SRPK2 

because no relevant inhibitory activity was observed against a panel of more than 140 kinases, 

including Cdc-like kinase family members (Clks) that are also involved in SR protein 

phosphorylation and regulation (Fukuhara et al., 2006). Although SRPIN340 was first described 

as an antiviral agent (Anwar et al., 2011; Fukuhara et al., 2006; Karakama et al., 2010), its 

pharmacological activity has also been evaluated in other studies. For instance, it was able to 

prevent neovascularization in a rodent model of choroidal retinopathy of prematurity (Oltean 

et al., 2012). In addition, this compound exhibits antiangiogenic and anti-melanoma effects both 
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in vitro and in vivo (Gammons et al., 2014). In the present investigation, SRPIN340 was shown to 

reduce cell viability of myeloid and lymphoid leukemias in vitro (Figure 10 and Table 1). This 

effect seemed to be selective, as lower cytotoxicity was observed in PBMC treatments. This 

finding is in agreement with the low apparent toxic effect observed when SRPIN340 was 

evaluated in in vivo studies (Fukuhara et al., 2006). 

Furthermore, Annexin V staining cell death assays showed that SRPIN340 cytotoxicity 

involves the triggering of early and late apoptosis, corroborating previous studies that have 

shown increased tumor cell sensitivity to cisplatin and gemcitabine during SRPK knockdown 

experiments (Hayes et al., 2007, 2006). Interestingly, the Jurkat and Molt4 lineages seemed 

more resistant to SRPIN340 treatment (Table 1). This finding might be due to the comparatively 

higher SRPK2 protein expression in these cells (Figure 9A). It is well known that SRPIN340 has a 

higher inhibitory activity over SRPK1 compared to SRPK2 (Fukuhara et al., 2006), implying that 

this compound would be less effective against tumor cells with higher SRPK2 expression. 

Because the SR protein phosphorylation status was reduced during treatments, the 

SRPIN340 effect on leukemia cells seemed to be associated with SRPK inhibition (Figure 12). It 

is also interesting to notice that the effect on SR protein phosphorylation in HL60 seemed to be 

more effective than in Jurkat, which might be again explained by the differences in the 

proportion of SRPK1/SRPK2 in these cells. 

Additionally, we observed in RT-PCR assays that SRPIN340 treatment impaired the 

expression of MAP2K1 and MAP2K2, both responsible for activating the MAPK3 and MAPK1 

pathways (Hayes et al., 2007). The treatments led to a reduced expression principally of 

MAP2K1, in which decreased levels were also accompanied by a decreased expression of 

possible smaller variants (Figure 11). In contrast, when we treated HeLa cells with SRPIN340, a 

smaller splicing variant of MAP2K1 was expressed, indicating that the compound can favor 

spliced isoforms with less tumorigenic potential (Supplementary Figure 2). However, the same 

effect on splicing could not be observed for MAP2K2, VEGF or FAS in leukemia or HeLa cells, 

suggesting that different tumor lineages may respond differently to SRPK inhibition. When 

similar analyses were performed with breast, colonic, and pancreatic carcinoma lineages, the 

SRPK1 knockdown impacted the expression of MAP2K2 instead of MAP2K1 (Hayes et al., 2007), 

providing additional evidence for this different response according to each cell line. Regardless, 

the impaired gene expression observed in our assays indicates that cell survival pathways 

involving MAPK3, MAPK1 and Akt are affected by SRPIN340 treatment. 

SRPIN340 reduced the expression of pro-angiogenic isoform VEGF165 in all leukemia cell 

lines evaluated, mainly after 18 h of treatment. At the same time, pro-apoptotic FAS expression 

was induced (Figure 11). These data give more support, as previously described, that SRPK 
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inhibition may be related to triggering apoptosis (Hayes et al., 2007; Hong et al., 2011). 

Additionally, recent studies have shown that SRPK1 targeting is a reasonable strategy for cancer 

treatment due to the inhibition of angiogenesis (Amin et al., 2011; Gammons et al., 2014). Thus, 

the key role played by SRPKs in regulating cellular death or proliferation offers novel 

opportunities to develop antileukemia therapies. 

The in vivo anti-melanoma effect of SRPIN340 has been recently demonstrated 

(Gammons et al., 2014). This effect was shown to be mediated by antiangiogenic activity and 

required dairy SRPIN340 administrations to the tumor locally due to the low pharmacological 

capacity of SRPIN340. This finding indicates that novel compounds with increased drug-like 

properties should be searched for in future studies. In recent years, a number of anticancer 

ageŶts that ƌeaĐhed ĐliŶiĐal use ǁeƌe deǀeloped thƌough ͚taƌget-ďased͛ appƌoaĐhes, ŵostlǇ 

involving the knowledge of structural aspects of ligand-target interactions (Knight et al., 2010). 

Following this rationale, the possible interaction contacts between SRPIN340 and SRPK2 

evaluated herein create a path to develop novel inhibitors with higher affinities and increased 

drug-like characteristics (Gammons et al., 2014). 

Molecular dynamics simulation analyses revealed a high stability of the SRPK2/SRPIN340 

complex, reinforcing the robustness of the docking assays that were performed (Figure 13). W 

exposure to the polar solvent across the trajectories analyzed was readily detected and indicates 

that the ligand binding induced conformational changes in the kinase structure. According to 

this finding, further intrinsic W fluorescence assays revealed that SRPIN340 caused a slight 

redshift and induced W fluorescence suppression in the SRPK2 spectrum (Figure 14). These 

observations may be explained by the exposure of W residues to the polar solvent or even by 

the formation of pi-stacking interactions observed between SRPIN340 and W89 in the molecular 

dynamics simulation of pose A, confirming that overall conformational changes occur upon 

SRPIN340 binding (Figure 13B and C). 

SRPIN340 titration in the fluorescence assays also allowed estimation of the KD value for 

the SRPK2/SRPIN340 complex at 1.6 ± 0.3 µM. Previous studies with the yeast SRPK homologue 

Sky1p revealed KD values for the ATP analogue and ATP equal to 650 µM and 2000 µM, 

respectively (Aubol et al., 2003). Considering these values, SRPIN340 binding seems to occur 

with higher affinity than would be expected for adenine nucleotides. Although comparisons 

between these data should be made carefully, the huge differences in these values might 

indicate that the ATP-competitive SRPIN340 indeed accesses different interacting groups at the 

ATP binding pocket because they were obtained using different experimental methodologies. 

The possible binding modes analyzed here presented different interactions made by 

SRPIN3ϰϬ. TheǇ ǁeƌe Đlassified ďǇ theiƌ distaŶĐes͛ staŶdaƌd deǀiatioŶs ;Table 2) as good (SD < 
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0.5 Å), medium (0.5 Å < SD < 1.0 Å) and long (SD > 1 Å). For pose A, contacts on the benzenic 

ring (A108), CF3 (P247) and the pyridine ring (W89) groups were more stable, corroborating the 

hypothesis of hydrophobic forces playing a critical role in SRPIN340 binding. In addition, 

interactions A108 and F166 with the piperidine ring and interactions L87 and V95 with the 

benzenic ring created a suitable environment for SRPIN340 accommodation. Together, these 

interactions led to a binding mode of a type I kinase inhibitor. However, these contacts can be 

further improved, along with the ones with higher deviations, to design more suitable SRPK 

inhibitors. Although all structural analyses were performed considering SRPK2, interpretations 

may also be applied to SRPK1, considering the high similarity in their kinase domains 

(Giannakouros et al., 2011; Wang et al., 1998) (Supplementary Figure 3). Additionally, SPHINX 

appears to be equivalent to SRPIN340 in terms of chemical properties and in vitro and in vivo 

activities (Gammons et al., 2013; Mavrou et al., 2015), and the structural information obtained 

here may therefore complement the biological and biochemical data already available in the 

literature for both compounds. Considered together, all of this information will certainly sustain 

efforts to pursue next-generation SRPK inhibitors. 

In conclusion, SRPKs were found overexpressed in myeloid and lymphoid leukemia. The 

SRPK inhibitor SRPIN340 presented a selective cytotoxic effect against leukemia cell lines. This 

effect was accompanied by the triggering of apoptosis, and it was due to intracellular SRPK 

activity impairment. Finally, the structural insights obtained should favor the design of SRPK 

inhibitors with increased potency and drug-like properties. 
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2.6 Figures 

 

Figure 9: Analysis of SRPK1 and SRPK2 expression in leukemia cell lines. The expression of 

SRPK1 and SRPK2 were analyzed by (A) Western blotting and (B) RT-qPCR assays in different 

leukemia cell lines derived from chronic myelogenous leukemia (CML), acute myelogenous 

leukemia (AML), T-cell acute lymphoblastic leukemia (ALL-T), and B-cell acute lymphoblastic 

leukemia (ALL-B). (A) The histogram (below) represents the ratio of the band intensities of SRPK1 



31 
 

and SRPK2 normalized to the actin signal for each lineage. Densitometry analysis of the band 

intensity was performed using ImageJ software. Error bars represent means ± standard 

deviation from triplicate experiments. Because SRPK1 or SRPK2 signals in the PBMC samples 

could not be detected during the WB assays, even when higher amounts of material were used 

(data not shown), they were not considered for the densitometry analysis. Although we found 

that actin expression varied between leukemia cells and our PBMC samples (Supplementary 

Figure 1), actin was detected here to qualitatively control the presence of protein material. (B) 

Expression of SRPK1 and SRPK2 transcripts by relative quantification. Amplification of beta-2-

microglobulin mRNA (B2M) was used as an endogenous control. B2M was equally expressed 

among all of the leukemia lineages evaluated (Supplementary Figure 1 and data not shown). 

SRPK1 and SRPK2 mRNA quantification in PBMC are discussed in Supplementary Figure 1. All 

primers used are detailed in Supplementary Table 1. The RT-PCR experiments were performed 

by Germanna Lima Riguetto. 
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Figure 10: The effect of SRPIN340 treatment on leukemia cell viability and death. Different 

leukemia cell lines (A) were treated with increasing concentrations (0 – 100 µM) of SRPIN340 for 

48 h. Cell viability was determined using the MTT assay. We considered the viability of 100% of 

the cells in the control treatment (vehicle). The percentage of inhibition was calculated relative 

to cells treated with the vehicle. The values are expressed as the means ± standard deviation of 

three independent experiments. To assess cell death (B), Jurkat cells were treated with 25 µM 

of SRPIN340 for 6 or 12 h. Cells treated with the vehicle were used as controls. Subsequently, 

the cell death was evaluated using annexin V-FITC (V) and PI (P) labels. One representative 

experiment of three is shown. 

  



33 
 

 

Figure 11: Effect of SRPIN340 treatment on MAP2K1, MAP2K2, VEGF and FAS expression in 

leukemia cells. cDNAs were derived from HL60, Jurkat, Molt4 and Nalm6 cells treated with 

SRPIN340 (100 µM) for different amounts of time (0, 9 and 18 h). One representative experiment 

of three is shown. (*) represent possible isoforms as previously described (Hayes et al., 2007). 
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Figure 12: Effect of SRPIN340 treatment on SR protein phosphorylation. Western blotting 

analysis after treatment with SRPIN340 (100 µM) or negative control (vehicle) for 9 or 18 h. SR 

protein phosphorylation was detected using mAb1H4, which recognizes phosphorylated serine-

arginine epitopes common to multiple SR factors. The blot was re-probed with actin and used 

as aŶ eŶdogeŶous ĐoŶtƌol. GƌaphiĐs ;ďeloǁͿ ƌepƌeseŶt the peƌĐeŶtage of the “‘ pƌoteiŶs͛ ďaŶd 

intensity normalized to the actin signal for each HL60 and Jurkat negative control. Densitometry 

analysis was performed using ImageJ software. Error bars represent the means ± standard 

deviation from triplicate experiments. T tests, *P < 0.05, **P < 0.01. 
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Figure 13: Molecular Dynamic Analysis. (A) Occupied space of SRPIN340 during simulations 

from poses A (blue) and B (green). Average protein structures are shown superposed in light 

blue for simulation A and in light green for simulation B. The ATP analogue ANP (shown in orange 

sticks) occupies the same region as SRPIN340 during both simulations. (B) Snapshot from pose 

A (upper) and pose B (bottom) simulations highlighting the possible SRPIN340 (orange sticks) 

interaction network. (C) Solvent accessible surface area (SASA) for tryptophan residues in the 

presence of the ligand, blue and green for poses A and B, respectively. The pose A simulation 

shows a signal increase at 175 ns, indicating a major exposure of residues to the polar solvent 

from this point of simulation. This is in agreement with the fluorescence spectroscopy analysis 

shown in Figure 14. The molecular dynamic and docking analysis were performed by Marcelo 

Depólo Polêto. 
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Figure 14: SRPK2/SRPIN340 interaction studied by fluorescence spectroscopy. (A) DMSO 

titration (0 – 5% v/v) of SRPK2 spectra showing no significant changes in the local tertiary 

structure of the W residues. (B) Fluorescence spectra of the SRPK2 titration with increasing 

concentrations (0 – 15 µM) of SRPIN340. (C) Data analysis of the spectra shown in (B) and 

SPRK2/SRPIN340 dissociation constant (KD) determination. The KD found for this interaction was 

ϭ.ϲ ± Ϭ.ϯ µM. ;DͿ “‘PKϮ ;ϭ ʅMͿ fluoƌesĐeŶĐe speĐtƌa upoŶ additioŶ of seǀeƌal ĐoŶĐeŶtƌatioŶs of 

ATP analogue. The fluorescence spectroscopy analysis were performed by Éverton de Almeida 

Alves Barbosa. 
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2.7 Tables 

Table 1: Half-maximal inhibitory concentration (IC50) values for SRPIN340 treatments. 

Different leukemia cell lines and peripheral blood mononuclear cells (PBMC) were treated with 

increasing concentrations (0 – 200 µM) of SRPIN340 for 48 h. Cell viability was determined using 

the MTT assay. The values are expressed as the means ± standard deviation of three 

independent experiments. 

Cell line SRPIN340 IC50 [μM] 

K562 (CML) 52.0 ± 0.6 

HL60 (AML) 44.7 ± 2.4 

Nalm6 (ALL-B) 66.6 ± 2.7 

697 (ALL-B) 59.2 ± 0.6 

Molt4 (ALL-T) 92.2 ± 15.2 

Jurkat (ALL-T) 82.3 ± 1.2 

PBMC >100* 

 

* The precise IC50 value could not be determined due to the low solubility of SRPIN340 at 

higher concentrations. 
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Table 2: Average distances of SRPIN340 groups and SRPK2 binding site amino acid side-chains. 

Distances from the SRPIN340 groups and the amino acid side-ĐhaiŶs͛ ĐeŶteƌs of ŵass ǁeƌe 

measured throughout both simulations. Standard deviation values were considered good for SD 

< 0.5 Å, medium for 0.5 Å < SD < 1.0 Å and long for SD > 1.0 Å. 

Pose A 

 Distance Average (Å) Standard Deviation (Å) 

A108: Benzenic ring 5.28 0.39 

L87: CF3 4.80 0.45 

W89: Pyridine ring 4.78 0.48 

A108: Piperidine ring 4.18 0.53 

F166: Piperidine ring 5.81 0.80 

L87: Benzenic ring 5.66 0.57 

V95: Benzenic ring 6.00 0.62 

A529: Piperidine ring 6.68 1.28 

A529: Pyridine ring 7.12 1.54 

P247: CF3 8.38 3.93 

Pose B 

 Distance Average (Å) Standard Deviation (Å) 

L87: Benzenic ring 4.72 0.45 

V95: Piperidine ring 5.13 0.38 

Y228: N-cyclohexane 6.21 0.69 

L169: CF3 5.90 1.63 

Y228: O-amide 5.26 1.77 
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3. Research Article II 

 

 

Trifluoromethyl Arylamides with Antileukemia Effect and Intracellular Inhibitory Activity 
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3.1 Abstract 

The serine/arginine-rich protein kinases (SRPKs) have frequently been found with altered 

activity in a number of cancers, suggesting they could serve as potential therapeutic targets in 

oncology. Here we describe the synthesis of a series of twenty-two trifluoromethyl arylamides 

based on the known SRPKs inhibitor N-(2-(piperidin-1-yl)-5-(trifluoromethyl)phenyl) 

isonicotinamide (SRPIN340) and the evaluation of their antileukemia effects. Some derivatives 

presented superior cytotoxic effects against myeloid and lymphoid leukemia cell lines compared 

to SRPIN340. In particular, compounds 24, 30, and 36 presented IC50 values ranging between 6.0 

– 35.7 µM. In addition, these three compounds were able to trigger apoptosis and autophagy, 

and to exhibit synergistic effects with the chemotherapeutic agent vincristine. Furthermore, 

compound 30 was more efficient than SRPIN340 in impairing the intracellular phosphorylation 

status of SR proteins as well as the expression of MAP2K1, MAP2K2, VEGF, and RON oncogenic 

isoforms. Therefore, novel compounds with increased intracellular effects against SRPK activity 

were obtained, contributing to medicinal chemistry efforts towards the development of new 

anticancer agents. 

 

Keywords 

Trifluoromethyl arylamides, SRPK, SRPIN340, serine/arginine-rich protein kinase, leukemia, pre-

mRNA splicing. 
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3.2 Introduction 

Serine/arginine-rich protein kinases (SRPKs) are serine-threonine kinases related to the 

phospho-regulation of serine-arginine proteins (SR proteins), a protein family involved in pre-

mRNA splicing control (Giannakouros et al., 2011; Zhou and Fu, 2013). Overexpression of the 

SRPK1 and SRPK2 family members has been related to tumorigenesis and to poor patient 

prognosis of many human cancers including leukemia (Jang et al., 2008; Siqueira et al., 2015), 

colon (Hayes et al., 2007; Wang et al., 2016), pancreatic (Hayes et al., 2007, 2006), melanoma 

(Gammons et al., 2014), breast (Hayes et al., 2007; Van Roosmalen et al., 2015), prostate 

(Mavrou et al., 2015), and glioma (Wu et al., 2014). In the intracellular context of cancerous cells, 

dysregulated SRPKs activity promotes cell proliferation and apoptosis escape (Jang et al., 2008; 

Lin et al., 2014), suggesting that they are potential targets for the development of new 

anticancer agents (Da Silva et al., 2015; Lee and Abdel-Wahab, 2016). 

SRPKs have also been associated with the infection mechanisms of multiple viruses, 

including HIV, hepatitis, dengue, and Epstein-Barr virus (Duarte et al., 2013; Fukuhara et al., 

2006; Kim and Wu, 2014). Screening for SRPKs inhibitors with antiviral activity, Hagiwara and 

colleagues identified the isonicotinamide compound N-(2-(piperidin-1-yl)-5-

(trifluoromethyl)phenyl) isonicotinamide (also called SRPIN340) (Figure 8), which is able to 

selectively inhibit SRPK1 and SRPK2 (Fukuhara et al., 2006).  

Since the identification of SRPIN340, different studies have been conducted to evaluate 

its pharmacological potential in different in vitro and in vivo disease models, including viral 

infection (Anwar et al., 2011; Fukuhara et al., 2006; Karakama et al., 2010), angiogenesis (Amin 

et al., 2011; Oltean et al., 2012), and cancer (Gammons et al., 2014). Within this context, in our 

previous studies we evaluated the cytotoxic potential of SRPIN340 in a panel of leukemia cells 

with high expression levels of SRPK1 and SRPK2. This compound was able to reduce cell viability, 

decrease hyperphosphorylation of SR family members (SRSF2, SRSF4, SRSF5 and SRSF6), and to 

regulate the expression of genes involved in cell proliferation and survival (MAP2K1, MAP2K2, 

VEGF and FAS) (Siqueira et al., 2015). Recently, other SRPK inhibitors have also been described. 

Similar to SRPIN340, they displayed important biological effects (Figure 8) (Gammons et al., 

2013; Morooka et al., 2015). 

Even though these reports have indicated promising results for SRPK pharmacological 

inhibition in pre-clinical in vitro and in vivo assays, the search for novel compounds with 

increased biological efficiency is of potential interest (Gammons et al., 2014). Here we describe 

the design and synthesis of a series of twenty-two trifluoromethyl arylamides and the 

assessment of their potential antileukemia effects. 
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3.3 Results and discussion 

3.3.1 Synthesis  

Trifluoromethyl arylamide SRPIN340, as well as, compounds 15-36 were prepared in three 

steps. First, commercially available 1-fluoro-2-nitro-4-(trifluoromethyl)benzene (1) was treated 

with amines to obtain derivatives 2-7 with yields ranging 81%  98% (Scheme 1). 

After that, compounds 2 - 7 were submitted to reduction reactions with SnCl2/HCl 

producing derivatives 8 - 13 (Scheme 2). 

Finally, nucleophilic acyl substitution reactions (Scheme 3, Table 3), involving amines 8 - 

13 and aromatic acyl chlorides, produced SRPIN340 (75% yield) and twenty-two other 

trifluoromethyl arylamides, compounds named 15 – 36 (30% – 91% yield). All synthesized 

compounds were fully characterized by infrared (IR) and nuclear magnetic resonance (NMR, 1H 

and 13C) spectroscopy techniques, as well as, by high resolution mass spectrometry (vide infra).  

The synthesis of the compounds 15 - 36 was planned so that the influence on the 

biological activity of different groups attached to position 1 (see Scheme 3 and Table 3 for 

numbering) could be assessed. Thus, amines containing alicyclic, aliphatic and aromatic portions 

were chosen for the preparation of the compounds. In addition, we also decided to vary the 

type of aromatic group attached to the carbonyl functionality so that the impact of these 

modifications on biological activity could also be evaluated. Accordingly, four types of aromatic 

acyl chlorides were used in the preparation of the compounds 15 - 36. In order to compare the 

biological effects of each derivative with SRPIN340, a well known SRPK inhibitor, the latter was 

also synthesized. 

 

3.3.2 Effect of compounds on cell viability  

The cytotoxic activity of the synthesized trifluoromethyl arylamides 15 - 36 and SRPIN340 

was evaluated at different concentrations (0 – 200 µM) over HL60, Jurkat, and Nalm6 human 

leukemic cell lines and the half-maximal inhibitory concentration (IC50) for each compound was 

determined. As shown in Table 3, among the twenty-two trifluoromethyl arylamides 

synthesized, ten of them were active against at least one of the leukemia cell lines (IC50 < 100 

µM). The compounds 24, 30, and 36 were the most active ones (IC50 14.2 – 35.7 µM, 8.5 – 17.8 

µM, and 6.0 – 33.8 µM, respectively) and presented superior cytotoxicity in comparison to the 

SRPK inhibitor SRPIN340 (IC50 38.3 - 75.4 µM). Although further structure-activity relationship 

studies should be performed, initial observations suggest that the presence of the aryl bromide 

group in novel compounds may be associated with their superior activity. These aryl halide 

groups (including groups with bromide or iodide) have been frequently found in the structures 

of kinase inhibitors, including the anticancer agents trametinib and vandetanib (Wu et al., 2016). 
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In order to evaluate if the most active compounds affect non-tumor cells, primary 

peripheral blood mononuclear cells (PBMC) were obtained and used in cytotoxic assays. As 

shown in Figure 15, PBMC cells were less sensitive to the treatments than the evaluated 

leukemia lineages (Table 1). Although compound 24 slightly reduced the lymphocytes viability 

at the dosage investigated, overall these compounds seem to be selective to leukemic cells. 

 

3.3.3 Combinatorial effect with Vincristine 

We further investigated potential interactions of compounds 24, 30, and 36 with 

vincristine, a component of many multi-drug pediatric and adult cancer chemotherapy, including 

leukemia (Silverman et al., 2013). For this purpose, Nalm6 was incubated for 48 h with two 

different doses, in isolation or in combination of compound 24 (8.9 and 17.9 µM), compound 30 

(4.3 and 8.5 µM), and compound 36 (1.5 and 3.0 µM) with vincristine (0.5 and 1.0 nM). These 

doses correspond to 25% and 50% of the IC50 value previously obtained for each compound 

(Table 3). After treatments, cell viability was measured and the combination index (CI) for each 

drug combination was calculated using the Chou-Talalay method (Chou, 2010). According to this 

method, CI values significantly lower than 1.0 (CI < 1.0) indicate synergistic effect whereas values 

close to 1.0 indicate additive effect. Synergistic effects were observed for combinations 

containing lower concentrations of the compounds 24, 30, and 36 (i.e., 25% of the IC50) as the 

calculated CI values were 0.57, 0.45, and 0.56, respectively (Figure 16). Moreover, combinations 

performed in concentrations corresponding to 50% of the IC50 indicated synergism for 

compound 30 (CI = 0.78) but additive effect for compounds 24 and 36 (CI = 1.02 and CI = 1.05, 

respectively). Despite this apparent incongruence, this has been previously reported and seems 

to be related to the saturation of drug-target complexes at higher concentrations or due to some 

interactions between compounds (Yadav et al., 2016), which is still unknown for our system. In 

addition, it is noteworthy that vincristine acts on a nanomolar scale while compounds 24, 30, 

and 36 act on a micromolar scale, resulting in dose-response curves with different maximum 

effects. Then, this can change the synergy to additive effect when drug concentrations are 

increased (Bulusu et al., 2016). Nevertheless, the data obtained indicates that pharmaceutical 

formulations containing these compounds maybe approached to increase the potency of 

chemotherapeutic agents, mainly at lower dosages, which is the overall goal of such a strategy. 

 

3.3.4 Effect of compounds on cell death and proliferation 

Once compounds 24, 30, and 36 were selected as the most active derivatives, they were 

used in additional experiments in order to gain insights on how they might act in leukemic cells. 
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Annexin V/PI staining assays were performed to evaluate whether the treatments impact 

in Nalm6 apoptosis. After 12 or 24 h exposure, the three compounds significantly increased 

annexin-V positive cells in comparison to control (Figure 17A). After 24 h of incubation, the 

percentage of cells in early events of apoptosis (annexin-V+/PI-) reached 11.9%, 14.6%, 24.7% 

when treated with compounds 24, 30, and 36, respectively. Considering the percentage of total 

apoptotic cells (annexin-V+/PI- and annexin-V+/PI+), it was increased practically three times by 

treatment with compound 36 (Figure 17B). Importantly, necrotic cells (annexin-V-/PI+), which is 

considered a toxic and degradative process of cell death (Elmore, 2007), were barely noticed in 

these assays. 

The effect of compounds on leukemic cells autophagy was also assessed by fluorescence 

microscopy. As shown in Figure 17C, there was an increase in red fluorescence when Nalm6 cells 

were treated with 20 µM of the compounds during 24 h. These findings indicate the presence 

of autophagosomes and intracellular acidification in these cells, very similarly to the observed 

for cytarabine, a drug that acts on leukemic cells by triggering apoptosis and autophagy (Bosnjak 

et al., 2014), which has been considered a complex cellular process that in some cases may 

increase cell death (Bai et al., 2013). 

Finally, proliferation assays revealed that these three substances significantly impaired 

proliferation of HL60 and Nalm6 in a time-dependent manner (Figure 18). After 96 h of 

incubation, compounds 24, 30, and 36 inhibited, respectively, 33%, 38%, and 48% of HL60 

growth in comparison to control (Figure 18A). Considering Nalm6, they inhibited cell growth in 

37%, 66%, and 72%, respectively (Figure 18B). Thus, these data suggest that pathways affecting 

cell proliferation are subjected to inhibition upon treatments. This should be the case of the 

SRPK2 related activity, as it has been described to promote leukemia cell proliferation in a 

previous study (Hong et al., 2011). 

 

3.3.5 Effect on intracellular SRPKs activity 

The effect of compounds in altering SRPKs intracellular activity was firstly evaluated by 

monitoring the expression pattern of transcripts already known to be modulated by SRPKs (Amin 

et al., 2011; Clery et al., 2013; Hayes et al., 2007). With this approach, compound 30 was the 

most effective in impairing the expression of MAP2K1 and MAP2K2 as well as VEGF (Figure 19A). 

Additionally, compounds 30 and 36 seemed to alter the splicing pattern of the apoptosis related 

gene RON. Interestingly, no clear changes in gene expression was observed in Nalm6 treated 

with SRPIN340, indicating the necessity of higher concentrations of this inhibitor at the 

experimental conditions used (Gammons et al., 2014; Siqueira et al., 2015). No effects were 
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observed in the expression pattern of the actin transcript, used here as endogenous loading 

control.  

Intracellular activity of SRPKs was also monitored by checking the SR protein 

phosphorylation status through Western blotting assays. As shown in Figure 19B, compound 30 

was efficient in decreasing phospho-SR epitopes signals in Nalm6 lysates. Again, in the 

experimental condition used (treatments with 20 µM for 24 h), compound 30 was more efficient 

then the reference SRPK inhibitor SRPIN340. As controls, the expression of SRPK1, SRPK2 or actin 

proteins were checked but no difference was found during the treatments. These data suggest 

that we were able to obtain at least one compound with increased intracellular effect over SRPK 

activity, which the exact mechanism on SRPK inhibition in vitro, overall selectivity, membrane 

cell penetration, or in vivo effect in disease animal models deserve to be better elucidated in 

further studies. 

 

3.4 Conclusions 

A series of twenty-two trifluoromethyl arylamides were synthesized. Three compounds 

presented superior cytotoxicity against myelogenous and lymphoid leukemia cell lines as 

compared to the reference SRPK inhibitor SRPIN340. These three compounds impaired cell 

proliferation, presented synergistic effect in combination with the chemotherapeutic agent 

vincristine and were able to trigger apoptotic and autophagic cell death processes. Moreover, 

intracellular activity of SRPKs were affected by treatments with these compounds, mainly by 

compound 30, which altered  MAP2K1, MAP2K2, VEGF, and RON gene expression as well as SR 

protein phosphorylation status. Therefore, these data collectively contribute to medicinal 

chemistry efforts towards the development of novel anticancer chemotherapeutic agents based 

on SRPK inhibition. 

 

3.5 Experimental procedures 

3.5.1 Synthetic procedures 

The synthesis procedures were performed in partnership with Dr. Robson Ricardo Teixeira 

and Marcus Vinícius Andrade Barros. 

 

3.5.1.1 Generalities 

Analytical grade 1-fluoro-2-nitro-4-trifluoromethyl benzene, piperidine, morpholine, 

cyclohexylamine, diethylamine, 4-bromoaniline, pyrrolidine, isonicotinoyl chloride 

hydrochloride, nicotinoyl chloride hydrochloride, 2-chloropyridine-3-carboxylic acid and benzoyl 

chloride were purchased from Sigma Aldrich (St. Louis, MO, USA) and used without further 
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purification. Anhydrous tin(II) chloride and triethylamine were purchased from Vetec (Rio de 

Janeiro, Brazil) and used as received. 1H- and 13C-NMR spectra were recorded on a Varian 

Mercury 300 instrument at 300 MHz and 75 MHz, respectively, using CDCl3 and CD3OD as 

solvents. Infrared spectra were recorded on either a Varian 660-IR, equipped with GladiATR 

scanning from 4000 to 500 cm−ϭ or a Perkin Elmer Paragon 1000 FTIR spectrophotometer, using 

potassium bromide (1% v/v) disks, scanning from 600 to 4000 cm-1. Melting points are 

uncorrected and were obtained with a MQAPF-301 melting point apparatus (Microquimica, 

Campinas, Brazil). Analytical thin layer chromatography was carried out on TLC plates covered 

with 60GF254 silica gel. Column chromatography was performed over silica gel (60–230 mesh). 

Solvents utilized as eluents were used without further purification. 

 

3.5.1.2 Synthesis of compounds 2 - 7 

1-(2-nitro-4-(trifluoromethyl)phenyl)piperidine (2) 

A 100 mL round bottom flask initially placed in an ice bath was charged with 8.60 mL (88.2 

mmol) of piperidine, 4.10 mL of dimethylformamide (DMF), and 4.20 mL (28.7 mmol) of 1-fluoro-

2-nitro-4-trifluoromethyl benzene (1). The ice bath was removed and the resulting mixture was 

magnetically stirred at room temperature for 1.5 h. After this time, water was added and the 

resulting mixture was transferred to a separatory funnel. The aqueous phase was extracted with 

ethyl acetate (4 x 80 mL). The organic extracts were combined and the resulting organic layer 

was washed with brine, dried over sodium sulphate, filtered and concentrated under reduced 

pressure. The resulting solid was recrystallized with methanol. Compound 2 was obtained as an 

orange solid in 91% yield (7.15 g, 26.1 mmol).  

TLC Rf = 0.40 (ethyl acetate - hexane 16:1 v/v). mp 50.1 - 50.7 ºC. IR (ATR, cm-1) max

 : 

2938, 2867, 2827, 1621, 1560, 1528, 1493, 1449, 1386, 1323, 1297, 1260, 1233, 1211, 1149, 

1115, 1080, 1064, 1021, 974, 929, 906, 882, 856, 832, 789, 760, 724, 678, 629, 528.1H NMR (300 

MHz, CDCl3) : 1.61-1.75 (m, 6H), 3.12 (t, 4H, J = 5.3 Hz), 7.14 (d, 1H, J = 8.7 Hz), 7.60 (dd, 1H, J = 

8.7 Hz and J = 2.3 Hz), 8.03 (d, 1H,J = 2.3 Hz). 13C NMR (75 MHz, CDCl3) : 24.0, 25.8, 52.3, 120.6, 

120.9 (q, JC-F = 34.1 Hz), 123.7 (q, JC-F = 269.6 Hz), 124.6 (q, JC-F =  4.0 Hz), 130.1 (q, JC-F = 3.4 Hz), 

139.8, 148.8. HRMS (M+H+): Calculated for C12H14F3N2O2, 275.1007; found: 275.0926. 

Nitro compounds 3 - 7 (Scheme 1) were synthesized using a procedure similar to that 

described for the preparation of compound 2. Description of experimental data that support the 

structures of compounds 3-7 is provided below. 
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N-cyclohexyl-2-nitro-4-(trifluoromethyl)aniline (3) 

The compound was obtained as a yellow solid after recrystallization with methanol in 81% 

yield. TLC Rf = 0.10 (hexane). mp 79.3 - 80.2 ºC. IR (ATR, cm-1) max

 : 3365, 3114, 2931, 2861, 

1634, 1572, 1529, 1436, 1411, 1324, 1260, 1244, 1227, 1187, 1152, 1112, 1063, 976, 912, 899, 

831, 763, 694, 642 . 1H NMR (300 MHz, CDCl3) : 1.30-2.07 (m, 10H), 3.51-3.61 (m, 1H), 6.95 (d, 

1H, J = 9.3 Hz), 7.56 (dd, 1H, J = 9.3 Hz and J = 2.1 Hz), 8.34 (d 1H, J = 6.3 Hz), 8.45 (d, 1H, J = 2.1 

Hz).13C NMR (75 MHz, CDCl3) : 24.6, 25.6, 32.7, 51.5, 115.0, 117.0 (q, JC-F= 34.1 Hz), 123.9 (q, JC-

F= 269.0 Hz), 125.4 (q, J = 4.2 Hz), 132.1 (q, J = 3.0 Hz), 130.7, 146.2. HRMS (M+H+): Calculated 

for C13 H15F3N2O2, 289.1086; found: 289.0994. 

 

1-(2-nitro-4-(trifluoromethyl)phenyl)pyrrolidine (4) 

The compound was obtained as an orange solid in 97% after purification by silica gel 

column chromatography eluted with hexane-ethyl acetate (5:1 v/v). TLC Rf = 0.45 (hexane-ethyl 

acetate 5:1 v/v). mp 52.3 - 53.8 ºC. IR (ATR, cm-1) max

 : 2975, 2871, 1622, 1554, 1504, 1428, 

1388, 1322, 1268, 1150, 1103, 1074, 884, 808, 781, 719, 688, 634. 1H NMR (300 MHz, CDCl3) : 

1.98 - 2.03 (m, 4H), 3.23 - 3.27 (m, 4H), 6.95 (d, 1H, J = 9.0 Hz), 7.53 (dd, 1H, J = 9.0 Hz and J = 

2.4 Hz), 7.99 (brs, 1H). 13C NMR (75 MHz, CDCl3) : 25.8, 50.8, 116.4, 117.1 (q, JC-F = 34.2 Hz), 

124.0 (q, JC-F = 269.1 Hz), 124.7 (q, JC-F = 4.0 Hz), 129.4 (q, JC-F = 3.2 Hz), 135.8, 144.4. HRMS 

(M+H+): Calculated for C11H12F3N2O2, 261.0851; found: 261.0770. 

 

 N,N-diethyl-2-nitro-4-(trifluoromethyl)aniline (5) 

The compound was obtained as an orange oil in 98% yield after purification by silica gel 

column chromatography eluted with hexane-ethyl acetate (8:1 v/v). TLC Rf = 0.55 (hexane - ethyl 

acetate 8:1 v/v). IR (ATR, cm-1) max

 : 2979, 2939, 2877, 1621, 1531, 1322, 1258, 1114, 1083, 

903, 877, 816, 784, 717, 669, 601. 1H NMR (300 MHz, CDCl3) : 1.16 (t, 6H, J = 7.1 Hz), 3.26 (q, 

4H, J = 7.1 Hz), 7.14 (d, 1H, J = 9.0 Hz), 7.58 (dd, 1H, J = 9.0 Hz and J = 2.3 Hz), 7.96 (brs, 1H). 13C 

NMR (75 MHz, CDCl3) : 12.6, 46.1, 119.9 (q, JC-F = 34.0 Hz),120.6, 123.8 (q, JC-F = 269.3 Hz), 124.5 

(q, JC-F = 4.0 Hz), 129.4 (q, JC-F = 3.3 Hz), 139.8, 146.6. HRMS (M+H+): Calculated for C11H14F3N2O2, 

263.1007; found: 263.0944. 

  

 4-(2-nitro-4-(trifluoromethyl)phenyl)morpholine (6) 

The compound was obtained as an orange oil in 97% yield after purification by silica gel 

column chromatography eluted with hexane-ethyl acetate (3:1 v/v). TLC Rf = 0.27 (hexane-ethyl 
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acetate 3:1 v/v). IR (ATR, cm-1) max

 : 2967, 2858, 1713, 1622, 1532, 1322, 1275, 1252, 1235, 

1168, 1110, 1083, 1044, 938, 884, 824, 789, 720, 678, 640, 526. 1H NMR (300 MHz, CDCl3) : 3.13 

(t, 4H, J = 4.7 Hz), 3.84 (t, 4H, J = 4.7 Hz), 7.16 (d, 1H, J = 8.7 Hz), 7.68 (dd, 1H, J = 8.7 Hz and J = 

2.3 Hz), 8.05 (brs, 1H). 13C NMR (75 MHz, CDCl3) : 51.4, 66.6, 120.6, 123.4 (q, JC-F =  269.9 Hz), 

122.9 (q, JC-F =  34.1 Hz), 124.4 (q, JC-F =  3.9 Hz), 130.5 (q, JC-F =  3.3 Hz), 141.0, 148.1. HRMS 

(M+H+): Calculated for C11H12F3N2O3, 277.0800; found: 277.0727. 

 

N-(4-bromophenyl)-2-nitro-4-(trifluoromethyl)aniline (7) 

The compound was obtained as an orange solid in 93% yield after purification by silica gel 

column chromatography eluted with hexane - ethyl acetate (5:1 v/v). TLC Rf = 0.78 (hexane - 

ethylacetate 5:1 v/v). mp 89.5 - 89.9 ºC. IR (ATR, cm-1) max

 : 3347, 3102, 1636, 1571, 1528, 1486, 

1430, 1319, 1250, 1147, 1070, 1011, 909, 841, 805, 693, 632. 1H NMR (300 MHz, CDCl3) : 7.15-

7.26 (m, 3H), 7.54-7.60 (m, 3H), 8.50 (brs, 1H), 9,63 (brs,1H). 13C NMR (75 MHz, CDCl3) : 116.8, 

120.1 (q, JC-F = 34.1 Hz), 120.2, 123.5 (q, JC-F = 269.5 Hz), 125.0 (q, JC-F = 4.2 Hz), 126.8, 132.1 (q, 

JC-F = 3.2 Hz), 132.4, 133.3, 136.8, 144.9. HRMS (M+H+): Calculated for C13H8BrF3N2O2, 359.9721; 

found: 359.9648. 

 

3.5.1.3 Synthesis of compounds 8 - 13 

2-(piperidin-1-yl)-5-(trifluoromethyl)aniline (8) 

A 50 mL round bottom flask initially placed in an ice bath was charged with 10.8 mL (129.6 

mmol) of concentrated hydrocloric acid, 6.71 g (35.4 mmol) of tin(II) chloride, 20.0 mL of 

methanol, and 1.50 g (5.47 mmol) of 1-(2-nitro-4-(trifluoromethyl)phenyl)piperidine (2). The ice 

bath was removed and the resulting mixture was continuously stirred at room temperature for 

42 h. After this time, sodium hydroxide solution was added to the mixture until pH was 

approximately equal to 10. Then, the mixture was transferred to a separatory funnel and 

extracted with ethyl acetate (4 x 80.0 mL). The organic extracts were combined and the resulting 

mixture was washed with brine, dried under sodium sulphate, filtered and concentrated under 

reduced pressure. The residue was purified by silica gel column chromatography eluted with 

hexane-ethyl acetate (11:1 v/v). The compound 8 was obtained as a white solid in 78% yield 

(1.34 g, 5.49 mmol). 

TLC Rf = 0.48 (hexane-ethyl acetate 11:1 v/v). mp 50.0 - 50.5 ºC. IR (ATR, cm-1) max

 : 3452, 

3355, 2950, 2865, 2805, 1611, 1589, 1512, 1469, 1439, 1379, 1328, 1288, 1256, 1227, 1205, 

1160, 1104, 1064, 936, 892, 860, 810, 745, 722, 663, 643. 1H NMR (300 MHz, CDCl3) : 1.60-1.75 
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(m, 6H), 2.88 (brs, 4H), 4.11 (brs, 2H, NH2), 6.93-7.03 (m, 3H). 13C NMR (75 MHz, CDCl3) : 24.4, 

26.8, 52.4, 111.5 (q, JC-F = 3.5 Hz), 115.5 (q, JC-F = 4.1 Hz), 119.7, 124.7 (q, JC-F = 270.0 Hz), 126.1 

(q, JC-F = 31.9 Hz), 141.7, 143.4. HRMS (M+H+): Calculated for C12H16F3N2, 245.1266; found: 

245.1182. 

The anilines 9 - 13 (Scheme 2) were synthesized from compounds 3-7 using a similar 

procedure to that described for the preparation of 8. Description of experimental data that 

support the structures of compounds 9 - 13 is provided below. 

 

 N-cyclohexyl-4-(trifluoromethyl)benzene-1,2-diamine (9) 

The compound was obtained as a white solid in 56% yield after purification by silica gel 

column chromatography eluted with hexane - ethyl acetate (14:1 v/v). TLC Rf = 0.25 (hexane-

ethyl acetate 14:1 v/v). mp 71.6 - 72.0 ºC. IR (ATR, cm-1) max

 : 3421, 3350, 2928, 2855, 1625, 

1601, 1528, 1470, 1440, 1362, 1324, 1300, 1240, 1217, 1146, 1107, 1084, 1055, 913, 885, 863, 

808, 737, 668, 635. 1H NMR (300 MHz, CDCl3) : 1.17 - 2.15 (m, 10H), 3.25 - 3.37 (m, 4H), 6.65 

(d, 1H, J = 8.4 Hz), 6.93 (d, 1H, J = 1.8 Hz), 7.08 (dd, 1H, J = 8.4 Hz and J = 1.8 Hz). 13C NMR (75 

MHz, CDCl3) : 25.1, 26.0, 33.4, 51.8, 110.9, 113.9 (q, JC-F= 3.7 Hz), 118.6 (q, JC-F= 4.1 Hz), 119.3 

(q, JC-F= 32.1), 125.2 (q, JC-F= 268.8 Hz), 133.2, 139.9. HRMS (M+H+): Calculated for C13H18F3N2, 

259.1422; found: 259.1341. 

 

2-(pyrrolidin-1-yl)-5-(trifluoromethyl)aniline (10) 

The compound was obtained as a red oil in 77% yield after purification by column 

chromatography eluted with hexane - ethyl acetate (3:1 v/v). TLC Rf = 0.68 (hexane - ethyl 

acetate 3:1 v/v). IR (ATR, cm-1) max

 : 3440, 3355, 2969, 2877, 2823, 1711, 1618, 1516, 1439, 

1328, 1244, 1148, 1105, 954, 903, 866, 808, 661. 1H NMR (300 MHz, CDCl3) : 1.91 - 1.97(m, 4H), 

3.09-3.13 (m, 4H), 3.92 (brs, 2H), 6.92 - 6.98 (m, 3H).13C NMR (75 MHz, CDCl3) : 24.3, 50.6, 112.1 

(q, JC-F =  3.8 Hz), 115.8 (q, JC-F = 4.1 Hz), 117,8, 124.8 (q, JC-F = 269.6 Hz), 124.8 (q, JC-F = 31.8 Hz, 

C-5), 140.8. HRMS (M+H+): Calculated for C11H14F3N2, 231.1109; found: 231.1026. 

 

 N,N-diethyl-4-(trifluoromethyl)benzene-1,2-diamine (11) 

The compound was obtained as a yellow oil in 67% yield after purification by column 

chromatography eluted with hexane - ethyl acetate (12:1 v/v). TLC Rf = 0.22 (hexane -ethyl 

acetate 30:1 v/v). IR (ATR, cm-1) max

 : 3469, 3362, 2973, 2933, 2870, 2826, 1615, 1593, 1514, 

1441, 1384, 1335, 1294, 1260, 1232, 1163, 1120, 928, 867, 817, 745, 666.  1H NMR (300 MHz, 
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CDCl3) : 0.99 (t, 6H, J = 7.1 Hz), 2.99 (q, 4H, J = 7.1 Hz), 4.19 (brs, 2H), 6.94-6.97 (m, 2H), 7.05 (d, 

1H, J = 8.7 Hz).13C NMR (75 MHz, CDCl3) : 12.3, 46.6, 111.3 (q, JC-F = 3.7 Hz), 114.6 (q, JC-F = 3.9 

Hz), 122.5, 124.4 (q, JC-F = 270.0 Hz), 126.3 (q, JC-F = 31.8 Hz), 139.9, 143.7. HRMS (M+H+): 

Calculated for: C11H16F3N2, 233.1266; found: 233.1211. 

 

2-morpholino-5-(trifluoromethyl)aniline (12) 

Compound was obtained as a white solid in 94% yield without any further purification. 

TLC Rf = 0.48 (hexane - ethylacetate 3:1 v/v). mp 130.6 - 131.1 ºC. IR (ATR, cm-1) max

 : 3430, 

3338, 2827, 2823, 1620, 1515, 1448, 1331, 1256, 1217, 1153, 1099, 938, 897, 860, 818, 651. 1H 

NMR (300 MHz, CDCl3) : 2.95 (t, 4H, J = 4.7 Hz), 3.87 (t, 4H, J = 4.7 Hz), 6.96 (brs, 1H),  6.96-7.05 

(m, 2H). 13C NMR (75 MHz, CDCl3) : 51.2, 67.6, 111.9 (q, JC-F = 3.7 Hz), 115.7 (q, JC-F = 4.0 Hz), 

119.7, 124.6 (q, JC-F = 270.0 Hz), 126.9 (q, JC-F = 32.0 Hz), 141.7. HRMS (M+H+): Calculated for 

C11H14F3N2O, 247.1058; found: 247.0956. 

 

N-(4-bromophenyl)-4-(trifluoromethyl)benzene-1,2-diamine (13) 

Compound was obtained as a white solid in 79% yield after purification by silica gel column 

chromatography eluted with hexane-ethyl acetate (5:1 v/v). TLC Rf  = 0.25 (hexane-ethyl acetate 

5:1 v/v). mp 123.5-123.8 ºC. IR (ATR, cm-1) max

 : 3469, 3384, 1591, 1518, 1485, 1436, 1385, 

1334, 1249, 1154, 1106, 928, 868, 820.  1H NMR (300 MHz, CDCl3) : 3.73 (brs, 2H), 5.39 (brs, 

1H), 6.72 (d, 2H, J = 9.0 Hz), 6.97-7.91 (m, 2H), 7.16 (d, 1H, J = 8.1 Hz), 7.34 (d, 2H, J = 9.0 Hz). 13C 

NMR (75 MHz, CDCl3) : 113.0, 113.6 (q, JC-F = 3.7 Hz), 117.0 (q, JC-F = 3.9 Hz), 118.6, 121.9 (C-6), 

124.4 (q, JC-F = 270.3 Hz), 126.7 (q, JC-F = 32.3 Hz), 132.5, 132.6, 139.5, 142.7.HRMS (M+H+): 

Calculated for C13H11BrF3N2, 331.0058; found: 330.9987. 

 

3.5.1.4 Synthesis of SRPIN340 and compounds 15 - 36 

N-(2-(piperidin-1-yl)-5-(trifluoromethyl)phenyl)isonicotinamide (SRPIN340) 

A 25 mL round bottom flask initially placed in an ice bath was charged with 0.629 g (3.389 

mmol) of isonicotinoyl chloride hydrochloride, 0.800 mL of triethylamine, 8.00 mL of 

dichoromethane and 0.400 (1.64 mmol) of 2-(piperidin-1-yl)-5-(trifluoromethyl) aniline (8). The 

ice-bath was removed and the mixture was magnetically stirred at room temperature for 3 h. 

Then, 10.0 mL of distilled water was added, and the mixture was transferred to a separatory 

funnel. The aqueous layer was extracted with ethyl acetate (4 x 30.0 mL). The organic extracts 

were combined and the resulting organic layer was washed with brine, dried over sodium 
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sulphate, filtered, and concentrated under reduced pressure. The residue was purified by silica 

gel column chromatography eluted with hexane-ethyl acetate (3:1 v/v). The solid was further 

recrystallized with acetone. The compound SRPIN340 was obtained as a white solid in 75% yield 

(430 mg, 1.23 mmol). 

TLC Rf = 0.13 (hexane - ethyl acetate 3:1 v/v). mp 95.6 - 96.7 ºC. IR (ATR, cm-1) max

 : 3347, 

2945, 2917, 2811, 1679, 1611, 1587, 1556, 1527, 1455, 1434, 1380, 1334, 1308, 1239, 1165, 

1107, 1093, 1061, 1022, 915, 895, 878, 839, 826, 751, 728, 681, 662, 644. 1H NMR (300 MHz, 

CDCl3) : 1.65 - 1.81 (m, 6H), 2.86 (t, 4H, J = 5.1 Hz), 7.28 (d, 1H, J = 8.4 Hz),  7.37 (dd, 1H, J = 8.4 

Hz and J = 1.8 Hz), 7.76 (dd, 2H, J = 4.5 Hz and J = 1.5 Hz), 8.83 - 8.85 (m, 3H), 9.55 (s, 1H, NH). 

13C NMR (75 MHz, CDCl3) : 24.0, 27.1, 53.8, 116.6, 120.8, 121.1, 121.6 (q, JC-F = 3.7 Hz), 124.2 (q, 

JC-F = 270.5 Hz), 127.5 (q, JC-F = 32.3 Hz), 133.4, 141.8, 145.9, 151.1, 163.0. HRMS (M+H+): 

Calculated for C18H19F3N3O, 350.1480; found: 350.1420. 

The trifluoromethyl amides 15 - 36 (Scheme 3) were prepared by using a similar 

methodology to that described for the synthesis of SRPIN340. Description of experimental data 

that support the structures of compounds 15 - 36 is provided below. 

N-(2-(cyclohexylamino)-5-(trifluoromethyl)phenyl)isonicotinamide (15) 

The compound was obtained as a white solid in 82% yield after recrystallization with ethyl 

acetate. TLC Rf = 0.33 (hexane - ethyl acetate 1:1 v/v). mp 159.9 -160.2 ºC. IR (ATR, cm-1) max

 : 

3262, 2931, 2851, 1657, 1617, 1543, 1510, 1485, 1441, 1324, 1205, 1254, 1238, 1147, 1133, 

1103, 1069, 998, 931, 880, 841, 806, 754, 709, 687, 637. 1H NMR (300 MHz, CD3OD) : 1.10 – 

2.20 (m, 10H), 3.30 (quint, 1H, J = 1.8 Hz), 3.32 - 3.43 (m, 1H), 6.87 (d, 1H, J = 8.7 Hz), 7.40 (dd, 

1H, J = 8.7 Hz and J = 1.7 Hz), 7.47-7.46 (m, 1H), 7.93 (dd, 2H, J = 4.7 Hz and J = 1.8 Hz), 8.73 (dd, 

2H, J = 4.7 Hz and J = 1.8 Hz).13C NMR (75 MHz, CD3OD) : 24.9, 25.7, 32.6, 51.3, 111.2, 116.9 (q, 

JC-F= 32.7 Hz), 121.6, 122.1, 124.6 (q, J = 3.8 Hz), 125.1 (q, JC-F = 3.9 Hz), 125.1 (q, J = 267.7 Hz), 

142.4, 145.8, 149.7, 165.9. HRMS (M+H+): Calculated for C19H21F3N3O, 364.1637; found: 

364.1556. 

 

N-(2-(pyrrolidin-1-yl)-5-(trifluoromethyl)phenyl)isonicotinamide (16) 

The compound was obtained as a white solid in 70% yield after recrystallization with 

acetone. TLC Rf = 0.24 (hexane - ethyl acetate 1:1 v/v). mp 110.0 - 110.6 ºC. IR (ATR, cm-1) max


: 3242, 2976, 2872, 1654, 1613, 1538, 1512, 1489, 1436, 1409, 1370, 1327, 1291, 1152, 1093, 

929, 901, 849, 816, 755, 656. 1H NMR (300 MHz, CDCl3) : 1.94 - 1.98 (m, 4H), 3.13 - 3.17 (m, 

4H), 7.10 (d, 1H, J = 8.7 Hz),  7.35 (dd, 1H, J = 8.7 Hz and J = 1.8 Hz), 7.71 - 7.73 (m, 2H), 8.31 (brs, 
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1H), 8.77 (brs, 2H), 8.97 (brs, 1H).13C NMR (75 MHz,CDCl3) : 25.0, 51.9, 118.4, 121.0, 121.1, 

123.0 (q. JC-F = 3.6 Hz), 124.4 (q,  JC-F = 269.9 Hz), 124.3 (q, JC-F = 32.6 Hz), 129.3, 141.7, 145.1, 

150.9, 163.5. HRMS (M+H+): Calculated for C17H17F3N3O, 336.1324; found: 336.1282. 

 

N-(2-(diethylamino)-5-(trifluoromethyl)phenyl)isonicotinamide (17) 

The compound was obtained as a white solid in 85% yield after purification by silica gel 

column chromatography eluted with hexane-ethyl acetate (2:1 v/v). TLC Rf = 0.60 (hexane - ethyl 

acetate 1:1 v/v). mp 73.8 - 74.3 ºC. IR (ATR, cm-1) max

 : 3326, 2976, 2925, 2856, 1680, 1588, 

1530, 1439, 1333, 1241, 1164, 1094, 1060, 922, 895, 826, 746, 676, 562. 1H NMR (300 MHz, 

CDCl3) : 0.98 (t, 6H, J = 7.2 Hz), 3.02 (q, 4H, J = 7.2 Hz), 7.31 - 7.40 (m, 2H), 7.72 (dd, 2H, J = 4.5 

Hz and J = 1.5 Hz), 8.82 - 8.89 (m, 3H), 9.92 (brs, 1H). 13C NMR (75 MHz, CDCl3) : 13.0, 49.5, 

116.3, 120.9, 121.7 (q, JC-F = 3.7 Hz), 123.7, 124.1 (q, JC-F = 270.7 Hz), 128.3 (q, JC-F = 32.8 Hz), 

136.2, 141.9, 142.7, 151.0, 163.0. HRMS (M+H+): Calculated for C17H19F3N3O, 338.1480; found: 

338.1453. 

 

N-(2-morpholino-5-(trifluoromethyl)phenyl)isonicotinamide (18) 

The compound was obtained as a white solid in 78% yield after purification by silica gel 

column chromatography eluted with hexane-ethyl acetate (2:1 v/v). TLC Rf = 0.18 (hexane - ethyl 

acetate 2:1 v/v). mp 166.5 - 168.4 ºC. IR (ATR, cm-1) max

 : 3351, 2969, 2921, 2858, 1676, 1590, 

1531, 1439, 1333, 1242, 1155, 1108, 918, 823, 750, 656. 1H NMR (300 MHz, CDCl3) : 2.95 (t, 4H, 

J = 4.5 Hz), 3.91 (t, 4H, J = 4.5 Hz), 7.32 (d, 1H, J = 8.4 Hz), 7.41 (dd, 1H, J = 8.4 Hz and J = 2.1 Hz), 

7.74 (dd, 2H, J = 4.5 Hz and J = 2.8 Hz), 8.85 - 8.86 (m, 3H), 9.48 (brs, 1H).13C NMR (75 MHz, CDCl3) 

: 52.6, 67.7, 117.0 (q, JC-F = 3.9 Hz), 120.8, 121.3, 121.9 (q, JC-F = 3.8 Hz), 124.0 (q,  JC-F = 270.6 

Hz), 128.3 (q, JC-F = 32.6 Hz), 133.5, 141.8, 144.2, 151.0, 162.9. HRMS (M+H+): Calculated for 

C17H17F3N3O2, 351.1273; found: 352.1218. 

 

N-(2-(4-bromophenylamino)-5-(trifluoromethyl)phenyl)isonicotinamide (19) 

The compound was obtained as a yellow solid in 81% yield after purification by silica gel 

column chromatography eluted with hexane-ethyl acetate (1:1 v/v). TLC Rf = 0.22 (hexane-

ethylacetate 2:1 v/v). mp 203.5 - 203.9 ºC. IR (ATR, cm-1) max

 : 3386, 3243, 3081, 1675, 1589, 

1510, 1469, 1324, 1249, 1163, 1101, 923, 885, 821, 804, 749. 1H NMR (300 MHz, CD3OD) : 7.06 

(d, 2H, J = 8,7 Hz),  7.36-7.49 (m, 4H), 7.77-7.85 (m, 3H). 8.16 (brs, 1H), 8.75-8.77 (m, 2H), 10.14 

(brs, 1H). 13C NMR (75 MHz, CD3OD) : 113.4, 117.5, 120.6 (q, JC-F = 32.2 Hz), 121.8, 122.5, 124.5 
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(q, JC-F = 3.8 Hz), 125.1 (q,  JC-F = 269.2 Hz), 125.3 (q, JC-F = 3.8 Hz), 127.0, 132.6, 142.0, 142.3, 

150.8, 165.2. HRMS (M+H+): Calculated for C19H14BrF3N3O, 436.0272; found: 436.0202. 

 

 2-chloro-N-(2-(piperidin-1-yl)-5-(trifluoromethyl)phenyl)nicotinamide (20) 

The compound was obtained as a white solid in 78% yield after purification by column 

chromatography eluted with hexane-ethyl acetate (3:1 v/v). mp 120.3 - 121.2 ºC. IR (ATR, cm-1)

max

 : 3322, 2919, 2827, 1678, 1655, 1613, 1578, 1526, 1474, 1433, 1400, 1333, 1263, 1214, 

1100, 915, 893, 858, 824, 754, 662, 642, 601 . 1H NMR (300 MHz, CDCl3) : 1.58 - 1.73 (m, 6H), 

2.85 (t, 4H, J = 5.0 Hz), 7.30 (d, 1H, J = 8.4 Hz), 7.36 - 7.46 (m, 2H), 8.23 (dd, 1H, J = 8.4 Hz and J 

= 1.8 Hz), 8.54 (dd, 1H, J = 4.5 Hz and J = 1.8 Hz), 8.87 (s, 1H), 9.73 (brs, 1H).13C NMR (75 MHz, 

CDCl3) : 23.9, 26.6, 54.1, 116.8 (q, JC-F = 3.7 Hz), 121.4, 121.7, 121.7 (q, JC-F = 3.9 Hz), 123.2, 124.2 

(q,  JC-F = 270.4 Hz), 127.6 (q, JC-F = 32.1 Hz), 131.6, 133.8, 140.4, 146.1, 146.9, 151.6, 162.7. HRMS 

(M+H+): Calculated for C18H18ClF3N3O, 384.1090; found: 384.1043. 

 

2-chloro-N-(2-(pyrrolidin-1-yl)-5-(trifluoromethyl)phenyl)nicotinamide (21) 

The compound was obtained as a white solid in 79% yield after purification by silica gel 

column chromatography eluted with hexane-ethyl acetate (2:1 v/v). TLC Rf = 0.52 (hexane - ethyl 

acetate 2:1 v/v). mp 147.5 - 148.7 ºC. IR (ATR, cm-1) max

 : 3232, 2968, 2882, 2818, 1659, 1615, 

1581, 1535, 1508, 1405, 1368, 1331, 1275, 1151, 1095, 818, 802, 768, 708, 540. 1H NMR (300 

MHz, CDCl3) : 1.94 - 2.01 (m, 4H), 3.13 (t, 4H, J = 6.3 Hz), 7.20 (d, 1H, J = 8.7 Hz), 7.38 (dd, 1H, J 

= 8.7 Hz and J = 1.5 Hz), 7.44 (dd, 1H, J = 7.8 Hz and J = 4.7 Hz), 8.32 (dd, 1H, J = 7.8 Hz and J = 

1.8 Hz),  8.79  (dd, 1H, J = 4.7 Hz and J = 1.8 Hz), 8.56 (d, J = 1.5 Hz, 1H),  9.32 (brs, 1H). 13C NMR 

(75 MHz, CDCl3) : 24.8, 52.5,  119.3 (q, JC-F = 3.8 Hz), 119.5, 122.6 (q, JC-F = 3.7 Hz), 123.4, 125.3 

(q, JC-F = 32.5 Hz), 131.1, 131.3, 140.9, 144.7, 147.0 , 151.7,  162.6. The signal of the carbon of 

the CF3 group presented low intensity and it was not noticed in the spectrum. HRMS (M+H+): 

Calculated for C17H16ClF3N3O, 370.0934; found: 370.0851. 

 

2-chloro-N-(2-(diethylamino)-5-(trifluoromethyl)phenyl)nicotinamide (22) 

The compound was obtained as a yellow solid in 59% yield after purification by silica gel 

column chromatography eluted with hexane - ethyl acetate (3:1 v/v). TLC Rf = 0.75 hexane - ethyl 

acetate (1:1 v/v). mp 74.3 - 75.4 ºC. IR (ATR, cm-1) max

 : 3291, 2976, 2934, 2848, 1666, 1612, 

1578, 1531, 1395, 1334, 1258, 1167, 1116, 1065, 926, 899, 829, 760, 696. 1H NMR (300 MHz, 

CDCl3) : 0.96 (t, 6H, J = 7.1 Hz), 3.00 (q, 4H, J = 7.1 Hz), 7.31 (d, 1H, J = 8.4 Hz), 7.38 - 7.40 (m, 
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2H), 8.25 (dd, 1H, J = 7.7 Hz and J = 2.0 Hz),  8.53 (dd, 1H, J = 4.7 Hz and J = 2.0 Hz), 8.92 (brs, 

1H), 10.02 (brs, 1H). 13C NMR (75 MHz, CDCl3) : 12.5, 49.1, 116.7 (brs), 121.3 (q, JC-F = 3.8 Hz), 

123.2, 123.9, 124.2 (q, JC-F = 270.8 Hz), 131.5, 136.4, 140.5, 147.0, 151.6, 162.7. Signal for the 

carbon attached to CF3 was of low intensity and it is not observed. The signal for the carbon 

attached to the chlorine as well as the signal for the aromatic carbon attached to the –N(Et)2 

presented the same chemical shift.   HRMS (M+H+): Calculated for C17H18ClF3N3O, 372.1090; 

found: 372.1016. 

 

2-chloro-N-(2-morpholino-5-(trifluoromethyl)phenyl)nicotinamide (23) 

The compound was obtained as a yellow solid in 91% yield after purification by column 

chromatography eluted with hexane-ethyl acetate (3:1 v/v). TLC Rf = 0.43 hexane - ethyl acetate 

(1:1 v/v). mp 131.2 - 133.2 ºC. IR (ATR, cm-1) max

 : 3258, 2924, 2890, 2844, 1665, 1616, 1581, 

1539, 1489, 1440, 1400, 1329, 1268, 1108, 923, 895, 828, 807, 754, 648. 1H NMR (300 MHz, 

CDCl3) : 2.94 (t, 4H, J = 4.5 Hz), 3.87 (t, 4H, J = 4.5 Hz), 7.36 (d, 1H, J = 8.4 Hz), 7.42-7.48 (m, 2H), 

8.28 (dd, 1H, J = 7.8 Hz and J = 1.8 Hz), 8.55 (dd, 1H, J = 4.8 Hz and J = 1.8 Hz), 8.92 (brs, 1H), 9,82 

(brs, 1H).  13C NMR (75 MHz, CDCl3) : 52.9, 67.3, 117.3 (q, JC-F = 3.8 Hz), 121.8, 123.4, 124.1 (q, 

JC-F = 270.5 Hz), 128.5 (q, JC-F = 32.6 Hz), 131.2, 134.1, 140.9, 144.3, 146.6, 151.8, 162.7. HRMS 

(M+H+): Calculated for C17H16ClF3N3O2, 386.0883; found: 386.0842. 

 

N-(2-(4-bromophenylamino)-5-(trifluoromethyl)phenyl)-2-chloronicotinamide (24) 

The compound was obtained as a yellow solid in 37% yield after recrystallization with 

acetone. TLC Rf = 0.58 (hexane - ethyl acetate 1:1 v/v). mp 175.0 - 176.0 ºC. IR (ATR, cm-1) max


: 3404, 3217, 3048, 1644, 1592, 1529, 1489, 1401, 1334, 1098, 1073, 882, 808, 751. 1H NMR (300 

MHz, CDCl3) : 6,10 (brs, 1H), 6.81 (d, 2H, J = 8.7 Hz),  7.34 - 7.45 (m, 5H), 8.11 (s, 1H), 8.16 (dd, 

1H, J = 7.8 Hz and J = 1.8 Hz), 8.49 (dd, 1H, J = 4.7 Hz and J = 2.0 Hz), 8.66 (brs, 1H).  13C NMR (75 

MHz, CDCl3) : 114.5, 120.0, 121.3, 121.7 (q, JC-F = 3.8 Hz), 123.2, 124.2 (q, JC-F = 3.8 Hz), 125.6 (q, 

JC-F = 32.8 Hz), 129.0, 130.5, 132.7, 138.9, 140.4, 141.9, 147.1, 151.9, 163.6. HRMS (M+H+): 

Calculated for C19H13BrClF3N3O, 469.9883; found: 469.9707. 

 

N-(2-(piperidin-1-yl)-5-(trifluoromethyl)phenyl)nicotinamide (25) 

The compound was obtained as a white solid in 65% yield after purification by silica gel 

column chromatography eluted with hexane-ethyl acetate (1:1 v/v). TLC Rf = 0.45 (hexane - ethyl 

acetate 1:1 v/v). mp 129.8 - 130.3 ºC. IR (ATR, cm-1) max

 : 3332, 2940, 2856, 2811, 1664, 1588, 
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1529, 1467, 1435, 1332, 1243, 1163, 1105, 1023, 893, 834, 729, 703, 645, 584. 1H NMR (300 

MHz, CDCl3) : 1.64 - 1.65 (m, 2H), 1.75 - 1.82 (m, 4H), 2.88 (t, 4H, J = 4.8 Hz), 7.28 (d, 1H, J = 8.4 

Hz),  7.37 (dd, 1H, J = 8.4 Hz and J = 1.8 Hz), 7.50 (ddd, 1H, J = 7.8 Hz, J = 4.8 Hz and J = 0.8 Hz), 

8.30 (dt, 1H, J = 7.8 Hz and J = 1.8 Hz), 8.80 (dd, 1H, J = 4.8 Hz and J = 1.8 Hz),  8.84 (brs, 1H), 9.15 

(d, 1H, J = 1.8 Hz), 9.55 (brs, 1H).13C NMR (75 MHz, CDCl3) : 23.9, 27.0, 53.9, 116.7 (brs), 121.0, 

121.4 (q, JC-F = 3.8 Hz), 124.1, 124.2 (q,  JC-F = 270.6 Hz), 127.6 (q, JC-F = 33.4 Hz), 130.6, 133.6, 

135.6, 145.8, 147.7, 152.8, 163.2. HRMS (M+H+): Calculated for C18H19F3N3O, 350.1480; found: 

350.1396. 

 

N-(2-(cyclohexylamino)-5-(trifluoromethyl)phenyl)nicotinamide (26) 

The compound was obtained as a white solid in 53% yield after purification by silica gel 

column chromatography eluted with hexane-ethyl acetate (1:1 v/v). TLC Rf = 0.38 (hexane - 

ethylacetate 1:1 v/v). mp 137.0 - 138.4 ºC. IR (ATR, cm-1) max

 : 3434, 3234, 3046, 2930, 2852, 

1643, 1615, 1591, 1532, 1456, 1331, 1105, 883, 813, 712, 636. 1H NMR (300 MHz, CDCl3) : 1.12 

- 2.03 (m, 10H), 3.28 - 3.29 (m, 1H), 4.19 (brs, 1H), 6.79 (d, 1H, J = 8.4 Hz), 7.36-7.46 (m, 2H), 7.52 

(brs, 1H), 8.19 - 8.25 (m, 2H), 8.72 (d, 1H, J = 4.2 Hz),  9.08 (brs, 1H).  13C NMR (75 MHz, CDCl3) : 

24.7, 25.6, 32.9, 51.6, 112.5, 118.5 (q, JC-F= 32.6 Hz), 124.4 (q, J = 269.1 Hz), 122.0, 123.7, 125.1, 

129.6, 135.7, 144.6, 147.9, 152.6, 164.5. HRMS (M+H+): Calculated for C19H21F3N3O, 364.1638; 

found: 364.1549. 

 

 N-(2-(pyrrolidin-1-yl)-5-(trifluoromethyl)phenyl)nicotinamide (27) 

The compound was obtained as a white solid in 73% yield after recrystallization with ethyl 

acetate. TLC Rf = 0.33 (hexane - ethyl acetate 1:2 v/v). mp 127.8 - 128.5 ºC. IR (ATR, cm-1) max

 : 

3289, 3056, 2972, 2870, 2842, 1644, 1615, 1592, 1530, 1372, 1332, 1266, 1249, 1152, 1109, 

1082, 1024, 932, 897, 875, 827, 707, 656. 1H NMR (300 MHz, CDCl3) : 1.96 - 2.01 (m, 4H), 3.20 

(t, 4H, J = 6.2 Hz ), 7.14 (d, 1H, J = 8.4 Hz), 7.35 - 7.38 (m, 1H), 7.48  (dd, 1H, J = 7.8 Hz and 4.8 

Hz),  8.26 (dt,1H, J = 7.8 Hz and J = 1.8 Hz), 8.47 (brs, 1H), 8.79 (dd, 1H, J = 4.8 Hz and J = 1.8 Hz), 

8.82 (brs, 1H),  9.10 (d,1H, J = 1.8 Hz).  13C NMR (75 MHz, CDCl3) : 24.9, 52.2,  118.8, 119.6 (brs), 

122.5 (q, JC-F = 3.6 Hz), 124.4 (q,  JC-F = 270.2 Hz), 124.9 (q, JC-F = 32.6 Hz), 124.1,  130.5, 130.6, 

135.6, 144.8, 147.8, 152.9, 163.6. HRMS (M+H+): Calculated for C17H17F3N3O, 336.1324; found: 

336.1201. 
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N-(2-(diethylamino)-5-(trifluoromethyl)phenyl)nicotinamide (28) 

The compound was obtained as a white solid in 87% yield after purification by silica gel 

column chromatography eluted with hexane - ethyl acetate (1:1 v/v). TLC Rf = 0.50 (hexane - 

ethyl acetate 1:1 v/v). mp 64.8 - 66.8 ºC. IR (ATR, cm-1) max

 : 3334, 2975, 2932, 2854, 1678, 1614, 

1586, 1534, 1483, 1440, 1336, 1247, 1167, 1150, 1114, 1062, 1021, 923, 898, 828, 716, 567. 1H 

NMR (300 MHz, CDCl3) : 0.99 (t, 6H, J = 7.2 Hz), 3.05 (q, 4H, J = 7.2 Hz), 7.32 (d, 1H, J = 8.1 Hz), 

7.39 (dd, 1H, J = 8.1 Hz and J = 1.5 Hz), 7.49 (dd, 1H, J = 8.3 Hz and J = 4.7 Hz), 8.27 (dt, 1H, J = 

8.3 Hz and J = 1.8 Hz), 8.80 (dd, 1H, J = 4.8 Hz and J = 1.8 Hz), 8.92 (d, 1H, J = 1.5 Hz), 9.12 (d, 1H, 

J = 1.8 Hz), 9.90 (brs, 1H). 13C NMR (75 MHz, CDCl3) : 13.0, 49.5, 116.3 (q, JC-F = 3.9 Hz), 121.0 (q, 

JC-F = 3.9 Hz), 123.6, 124.1, 124.2 (q, JC-F = 270.5 Hz), 128.3 (q, JC-F = 32.3 Hz), 130.6, 135.6, 136.5, 

142.6, 147.8, 152.9, 163.2. HRMS (M+H+): Calculated for C17H19F3N3O, 338.1480; found: 

338.1399. 

 

N-(2-morpholino-5-(trifluoromethyl)phenyl)nicotinamide (29) 

The compound was obtained as a white solid in 74% yield after purification by silica gel 

column chromatography eluted with hexane - ethyl acetate (1:1 v/v). TLC Rf = 0.18 (hexane - 

ethyl acetate 1:1 v/v). 157.5 - 159.0 mp ºC. IR (ATR, cm-1) max

 : 3344, 2970, 2846, 1674, 1588, 

1534, 1469, 1441, 1339, 1247, 1198, 1156, 1114, 1022, 936, 918, 897, 880, 833, 734, 707, 661. 

1H NMR (300 MHz, CDCl3) : 2.95 (t, 4H, J = 4.5 Hz), 3.91 (t, 4H, J = 4.5 Hz), 7.33 (d, 1H, J = 8.1 

Hz), 7.43 (dd, 1H, 8.4 Hz and J = 2.1 Hz), 7.51 (dd, 1H, J = 7.8 Hz and J = 4.8 Hz), 8.28 (td, 1H, J = 

7.8 Hz and 1.8 Hz), 8.81 - 8.88 (m, 2H), 9,13 (brs, 1H), 9.45 (brs, 1H).  13C NMR (75 MHz, CDCl3) 

: 52.6, 67.7, 117.0 (q, JC-F = 3.9 Hz), 121.3, 121.6 (q, JC-F = 3.7 Hz), 124.1 (q, JC-F = 270.3 Hz), 124.2, 

128.4 (q, JC-F = 32.5 Hz), 130.4, 133.7, 135.5, 144.1, 147.6, 153.1, 163,1. HRMS (M+H+): Calculated 

for C17H17F3N3O2 352.1273; found: 352.1201. 

 

N-(2-(4-bromophenylamino)-5-(trifluoromethyl)phenyl)nicotinamide (30) 

The compound was obtained as a white solid in 30% yield after recrystallization with 

acetone. TLC Rf = 0.38 (hexane - ethyl acetate 1:1 v/v). mp 166.7 - 167.2 ºC. IR (ATR, cm-1) max

 : 

3314, 3188, 3068, 1663, 1621, 1592, 1514, 1440, 1337, 1250, 1162, 1114, 1074, 1025, 1008, 887, 

808, 709. 1H NMR (300 MHz, CDCl3) : 6.34 (brs, 1H),  6.82 (d, 2H, J = 8.7 Hz), 7.33 - 7.46 (m, 5H), 

8.08 – 8.12 (m, 2H),  8.72 (dd, 1H, J = 4.8 Hz and J = 1.5 Hz), 8.96 (d, 1H, J = 1.5 Hz), 8.53 (brs, 

1H). 13C NMR (75 MHz, CDCl3) : 114.4, 120.0, 121.3, 121.6 (q, JC-F = 3.6 Hz), 123.9 (q, JC-F = 3.7 

Hz), 124.1, 124.1 (q,  JC-F = 270.0 Hz), 125.5 (q, JC-F = 33.4 Hz), 129.2, 129.7, 132.7, 135.8, 138.9, 
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141.9, 148.0, 152.9, 164.5. HRMS (M+H+): Calculated for C19H14BrF3N3O, 436.0272; found: 

436.0200. 

 

N-(2-(piperidin-1-yl)-5-(trifluoromethyl)phenyl)benzamide (31) 

The compound was obtained as a white solid in 88% yield after purification by silica gel 

column chromatography eluted with hexane-ethyl acetate (5:1 v/v). TLC Rf = 0.55 (hexane - ethyl 

acetate 5:1 v/v). mp 116.0 - 117.0 ºC. IR (ATR, cm-1) max

 : 3338, 2932, 2846, 1675, 1588, 1530, 

1472, 1439, 1378, 1337, 1272, 1240, 1162, 1116, 1026, 932, 913, 902, 877, 828, 796, 697, 648. 

1H NMR (300 MHz, CDCl3) : 1.64 - 1.66 (m, 2H), 1.74 - 1.82 (m, 4H), 2.88 (t, 4H, J = 5.1 Hz), 7.26 

(d, 1H, J = 8.1 Hz), 7.35 (d, 1H, J = 8.1 Hz), 7.51-7.62 (m, 3H), 7.94-7.96 (m, 2H), 8.91 (brs, 1H), 

9.45 (brs, 1H).13C NMR (75 MHz, CDCl3) : 24.1, 27.1, 53.7, 116.5 (q, JC-F = 3.8 Hz), 120.8, 124.4 

(q,  JC-F = 269.9 Hz), 127.1, 129.2, 132.2, 134.0, 134.8, 145.8, 165.1. HRMS (M+H+): Calculated for 

C19H20F3N2O, 349.1528; found: 349.1451. 

 

N-(2-(cyclohexylamino)-5-(trifluoromethyl)phenyl)benzamide (32) 

The compound was obtained as a white solid in 55% yield after purification by column 

chromatography eluted with hexane-ethyl acetate (5:1 v/v). TLC Rf = 0.43 (hexane-ethyl acetate 

5:1 v/v). mp 157.5-158.8 ºC.  IR (ATR, cm-1) max

 :3396, 3214, 3058, 2935, 2862, 1636, 1613, 

1552, 1334, 1243, 1213, 1161, 1105, 1073, 880, 812, 707, 624. 1H NMR (300 MHz, CDCl3) : 1.13-

2.04 (m, 10H), 3.27-3.33 (m, 1H), 4.10-4.22 (brs, 1H), 6.79 (d, 1H, J = 8.7 Hz), 7.38 (dd, 1H, J = 8.6 

Hz andJ = 1.4 Hz), 7.46-7.60 (m, 4H), 7.76 (brs, 1H), 7.89 (d, 2H, J = 7.5 Hz).  13C NMR (75 MHz, 

CDCl3) : 25.0, 25.9, 33.2, 51.8, 112.7, 118.3 (q, JC-F= 32.7 Hz), 122.9, 125.1 (q, JC-F = 3.6 Hz), 127.5, 

129.0, 132.5, 133.9, 145.0, 166.5. The signal of the carbono of the CF3 group was of low intensity 

and it was not noticed in the spectrum. HRMS (M+H+): Calculated for C20H22F3N2O, 363.1684; 

found: 363.1613. 

 

 N-(2-(pyrrolidin-1-yl)-5-(trifluoromethyl)phenyl)benzamide (33) 

The compound was obtained in 80% yield as a white solid after purification by silica gel 

column chromatography eluted with hexane - ethyl acetate (5:1 v/v). TLC Rf = 0.30 (hexane-ethyl 

acetate 5:1 v/v). mp 122.2 - 122.8 oC.IR (ATR, cm-1) max

 : 3242, 2986, 2948, 2870, 1637, 1616, 

1578, 1519, 1488, 1366, 1331, 1266, 1149, 1098, 1082, 874, 799, 695, 656. 1H NMR (300 MHz, 

CDCl3) : 1.96 - 2.01 (m, 4H), 3.13 - 3.17 (t, 4H, J = 6.3 Hz), 7.15 (d, 1H, J = 8.4 Hz),  7.34 (dd, 1H, 

J = 8.4 Hz and J = 1.5 Hz), 7.49 - 7.61 (m, 3H), 7.89 - 7.91 (m, 2H), 8.51 (brs,1H), 8.70 (brs, 1H). 
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13C NMR (75 MHz, CDCl3) : 24.9, 52.0, 118.5, 119.6 (q, JC-F = 3.8 Hz), 122.0 (q, JC-F = 3.9 Hz), 124.5 

(q,  JC-F = 269.9 Hz), 124.8 (q, JC-F = 32.5 Hz), 127.2, 129.2, 131.1, 132.2, 134.7, 144.6, 165.3. HRMS 

(M+H+): Calculated for C18H18F3N2O, 335.1371; found: 335.1277. 

 

N-(2-(diethylamino)-5-(trifluoromethyl)phenyl)benzamide (34) 

The compound was obtained in 84% yield as a white solid after purification by silica gel 

column chromatography eluted with hexane-ethyl acetate (5:1 v/v). TLC Rf = 0.65 (hexane - ethyl 

acetate 5:1 v/v). mp 65.1 - 66.0 ºC. IR (ATR, cm-1) max

 : 3334, 2975, 2932, 2858, 1678, 1586, 

1534, 1483, 1440, 1336, 1247, 1167, 1150, 923, 828, 716. 1H NMR (300 MHz, CDCl3) : 1.00 (t, 

6H, J = 7.2 Hz), 3.03 (q, 4H, J = 7.2 Hz), 7.30 (d, 1H, J = 8.4 Hz), 7,36 (dd, 1H, J = 8.4 Hz and J = 1.5 

Hz), 7.50 - 7.61(m, 3H), 7.92 (dd, 2H, J = 8.1 Hz and J = 1.5 Hz), 8.97 (brs, 1H), 9.81 (brs, 1H).  13C 

NMR (75 MHz, CDCl3) : 13.0, 49.3, 116.2 (q, JC-F = 3.9 Hz), 120.5 (q, JC-F = 3.8 Hz), 123.4, 124.3 

(q, JC-F = 270.7 Hz), 128.1 (q, JC-F = 32.3 Hz), 127.2, 129.1, 132.2, 134.9, 136.9, 142.5, 165.1. HRMS 

(M+H+): Calculated for C18H20F3N2O, 337.1528; found: 337.1449. 

N-(2-morpholino-5-(trifluoromethyl)phenyl)benzamide (35) 

 

The compound was obtained as a white solid in 78% yield after recrystallization with 

acetone. TLC Rf = 0.18 (hexane-acetate 5:1 v/v). mp 137.3 - 138.5 ºC. IR (ATR, cm-1) max

 : 3369, 

2967, 2896, 2851, 1668, 1589, 1534, 1465, 1438, 1335, 1238, 1157, 1112, 1075, 1025, 937, 917, 

897, 877, 821, 801, 707, 659. 1H NMR (300 MHz, CDCl3) : 2.96 (t, 4H, J = 4.5 Hz), 3.92 (t, 4H, J = 

4.5 Hz), 7.30 (d, 1H, J = 8.4 Hz),  7.38 (dd, 1H, J = 8.4 Hz and J = 1.5 Hz), 7.52 - 7.63 (m, 3H), 7.93 

(dd, 2H, J = 8.1 Hz and J = 1.5 Hz), 8.91 (brs, 1H), 9.39 (brs, 1H).  13C NMR (75 MHz, CDCl3) : 52.5, 

67.8, 116.9 (q, JC-F = 3.8 Hz), 121.0, 121.1 (q, JC-F = 3.9 Hz), 124.2 (q,  JC-F = 270.5 Hz), 127.0, 128,2 

(q, JC-F = 32.5 Hz), 129.2, 132.5, 134.1, 134.6, 144.0, 165.0. HRMS (M+H+): Calculated for 

C18H18F3N2O2, 351.1320; found: 351.1266. 

 

 N-(2-(4-bromophenylamino)-5-(trifluoromethyl)phenyl)benzamide (36) 

The compound was obtained as a white solid in 58% yield. TLC Rf = 0.25 (hexane - ethyl 

acetate 5:1 v/v). mp 157.3 - 158.0 ºC. IR (ATR, cm-1) max

 : 3366, 2967, 2892, 2852, 1668, 1589, 

1534, 1465, 1438, 1335, 1238, 1157, 1112, 937, 917, 897, 877, 821, 802, 707, 659. 1H NMR (300 

MHz, CDCl3) : 6.30 (brs, 1H), 6.83 (d, 2H, J = 8.7 Hz), 7.31 - 7.47 (m, 6H), 7.55 (t, J = 7.4 Hz, 1H), 

7.75 (d, 2H, J = 8.7 Hz), 8,05 (brs, 1H), 8.22 (brs, 1H). 13C NMR (75 MHz, CDCl3) : 113.9, 119.7, 

120.9, 121.1 (q, JC-F = 3.9 Hz), 123.3 (q, JC-F = 3.7 Hz), 123.9 (q, JC-F = 270.1 Hz), 125.1 (q, JC-F = 33.0 
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Hz), 127.1, 128.9, 129.3, 132.4, 133.3, 138.6, 141.8, 166.3. HRMS (M+H+): Calculated for 

C20H15BrF3N2O, 435.0320; found: 435.0300. 

 

3.5.2 Biological assays 

3.5.2.1 Cell culture 

Human leukemia cell lines HL60 (acute myelogenous leukemia - AML), Nalm6 (B-cell acute 

lymphoblastic leukemia – ALL-B), and Jurkat (T-cell acute lymphoblastic leukemia - ALL-T) were 

kindly provided by Dr. Jose Andrés Yunes (Centro Infantil Boldrini, Campinas, São Paulo, Brazil). 

Cell lines were grown in RPMI-1640 medium (Sigma) supplemented with 10% (v/v) fetal bovine 

serum (FBS) (LGC Biotecnologia), 100 g/mL streptomycin, and 100 units/mL penicillin (Sigma) at 

pH 7.2 and 37 ºC under 5% CO2 atmosphere. Peripheral blood mononuclear cells (PBMC) were 

isolated from human-heparinized blood using Histopaque-1077 (Sigma) according to the 

ŵaŶufaĐtuƌeƌ͛s pƌotoĐol. The isolated lǇŵphoĐǇtes ǁeƌe ƌesuspeŶded iŶ Đoŵplete ‘PMI-1640 

medium supplemented with 10% FBS and stimulated with 1% (v/v) phytohemagglutinin (Gibco). 

The cells were counted using a Neubauer chamber for the following experiments. 

 

3.5.2.2 Cell viability assay 

HL60, Nalm6, and Jurkat cells (7x104 cells/well) and PBMC (1x105 cells/well) were seeded 

in 96-well plates. Each well contained 100 µL of complete RPMI medium and 100 µL of each 

compound solution at different concentration. The compounds were diluted in RPMI medium 

with 10% FBS and 0.4% DMSO (v/v, Sigma). After 48 h of culture, MTT (5 mg/mL, Sigma) was 

added to the wells. After 3 h at 37 ºC, the MTT solution was removed and it was added 100 

µL/well of DMSO to solubilize the formazan. Absorbance was measured at 540 nm in a 

microplate reader (SpectraMax M5, Molecular Devices). 

 

3.5.2.3 Drug combination studies 

Cell viability of leukemia cells treated with a combination of compounds 24, 30, or 36 with 

vincristine was assessed by seeding 7x104 Nalm6 cells in each well of a 96-well plate. The cells 

were then incubated with each compound (at concentrations corresponding to 25 and 50% of 

the IC50), vincristine (0.5 or 1.0 nM, Sigma) or a combination of each compound and vincristine 

for 48 h. The cell viability was determined by MTT assay and CompuSyn software was used to 

calculate the combination index (CI) as previously described (Chou, 2010). 
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3.5.2.4 Apoptosis assay by flow cytometry 

Nalm6 cells were seeded on 96-well plate at density of 7x104 cells per well and treated 

with compounds 24, 30 and 36 [20 ʅM]. DMSO (0.4% v/v) was used as vehicle control. After 

treatments, cells were labeled by using Annexin V/FITC apoptosis detection kit I (BD Biosciences) 

aĐĐoƌdiŶg to ŵaŶufaĐtuƌeƌ͛s pƌotoĐol. TheŶ the Đell saŵples ǁeƌe aŶalǇzed ďǇ floǁ ĐǇtoŵetƌǇ 

(FACS Verse, BD Bioscience). 

 

3.5.2.5 Autophagy detection with acridine orange staining 

Nalm6 cells were seeded on 96-well plate at density of 7x104 cells per well and treated 

with compounds 24, 30 and 36 [20 ʅM] or DMSO (0.4% v/v). After, cells were washed with 

phosphate-buffered saline (PBS), suspended in PBS and stained by acridine orange (1 µM, Sigma) 

at 37 ºC for 15 min; then the cells were washed with PBS and resuspended in 0.5 mL of PBS. For 

visual examination of autophagosomes, cells were analyzed under a fluorescence microscope 

Evos FL (Life technologies). 

 

3.5.2.6 Cell proliferation assay 

Proliferation assays were performed in 96-well plates containing 1x104 Nalm6 cells per 

well or 1.5x104 HL60 cells per well. The compounds 24, 30, and 36 were added at 20 µM and 

DMSO (0.4% v/v) were used as control. The effect of each treatments on cell growth were 

determined by trypan blue (Invitrogen) dye exclusion. After 24, 48, 72, and 96 h cells were 

loaded on a hemocytometer to obtain the viable cell count. 

 

3.5.2.7  RT-PCR assay 

Nalm6 cells were exposed to 20 µM of compounds 24, 30, and 36 or SRPIN340 for 24 h. 

Cells treated with DMSO (0.4% v/v) were used as control. After incubation, mRNA was extracted 

usiŶg Tƌi ‘eageŶt ;“igŵaͿ aĐĐoƌdiŶg to the ŵaŶufaĐtuƌeƌ͛s pƌotoĐol. Samples were quantified by 

spectrophotometry (NanoDrop, Thermo Scientific) and analyzed for integrity in 1% agarose gel. 

Afterwards, the RNA was used for first-strand cDNA synthesis using the Super Script First-Strand 

kit (Invitrogen) according to the manufaĐtuƌeƌ͛s pƌotoĐol. TheŶ, the ĐDNA ǁas used to aŵplifǇ 

each fragment of interest by PCR using the GoTaq Green Master Mix (Promega) kit, and the 

products were separated in 1% or 2% agarose gels. All primers used in these assays are listed in 

Supplementary Table 1. 
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3.5.2.8 Western blotting assay 

Nalm6 cells were treated with 20 µM of compounds 24, 30, and 36 or SRPIN340 for 24 h. 

After, cells were lysed in PBS containing 1% (v/v) NP40, 1 mM EDTA, 150 mM NaCl, protease and 

phosphatase inhibitors (Sigma), and 10 mM Tris (pH 7.4) at a concentration of 2x107cells/mL in 

lysis buffer. Samples were incubated on ice for 10 minutes, briefly sonicated, and centrifuged 

for 10 minutes at 15000 xg to remove insoluble cellular debris. Proteins were resolved by SDS 

polyacrylamide gel electrophoresis, transferred to a polyvinylidene difluoride (PVDF) membrane 

(GE Healthcare), blocked overnight in PBS containing 5% (w/v) skim milk powder, incubated for 

2 h with primary antibody, and then incubated for 2 h with secondary antibody solutions. 

Primary antibodies used were mouse anti-SRPK1 (BD Biosciences), mouse anti-SRPK2 (BD 

Biosciences), rabbit anti-actin (Sigma) and mouse anti-phospho SR proteins mAb1H4 

(Invitrogen). The last one is able to detect different phospho-SR proteins epitopes (Siqueira et 

al., 2015; Zahler et al., 1992). The secondary antibodies used were anti-mouse peroxidase-

conjugated (Sigma) and anti-rabbit peroxidase-conjugated (Sigma). Then, proteins were 

ǀisualized usiŶg ϯ,ϯ͛-Diaminobenzidine tetrahydrochloride (Sigma) according to the 

ŵaŶufaĐtuƌeƌ͛s pƌotoĐol. 

 

3.5.2.9 Statistical analysis 

All numeric data were obtained from three independent experiments and are shown as 

means ± standard deviation. Analyses were performed using Microsoft Excel (Microsoft Office 

Software) and GraphPad Prism (GraphPad Software Inc.). Statistical analyses were done by one-

ǁaǇ ANOVA folloǁed ďǇ DuŶŶett͛s test. *P < 0.05 was considered significant. 
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3.6 Figures 

 

 

 

Figure 15: Effect of compounds 24, 30, and 36 over peripheral blood mononuclear cells (PBMC) 

stimulated with phytohemagglutinin (PHA). Cells were treated with 25 µM of each compound 

for 48 h. Cell viability was determined using MTT assay. Control treatment (vehicle) was 

considered 100% of viability. Data are shown as means ± standard deviation of triplicate 

experiments (*P < 0.05). 
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Figure 16: Effect of compounds 24, 30, and 36, in combination with vincristine, on the growth 

inhibition of Nalm6 cells. Cells were plated onto 96-well plates containing indicated 

concentrations of compound 24 (A), compound 30 (B), and compound 36 (C) or vincristine alone 

or in combinations with a fixed ratio for 48 h. The percentages of surviving cells as compared to 

controls, defined as 100% of viable cells, were determined by MTT assay. The combination index 

(CI) values were calculated using CompuSyn software according to the Chou–Talalay equation 

(Chou, 2010). Synergistic effect is characterized by CI < 1.0, additive effect by CI close to 1.0 and 

antagonistic effect by CI > 1.0. Data are shown as means ± standard deviation of triplicate 

experiments. 
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Figure 17: Effect of compounds 24, 30, and 36 on leukemia cell death. (A) Nalm6 cells were 

treated with 20 µM of each compound for 12 and 24 h. Cells treated with vehicle (DMSO) were 

used as control. Apoptosis/necrosis was evaluated using annexin-V/FITC and PI labels. One 

representative experiment is shown. (B) The graphs show averaged percentage of apoptotic 

cells (annexin-V positive cells) of triplicate experiments. *P < 0.05. To assess the 

autophagossome induction (C), Nalm6 cells were treated with 20 µM of each compound or 

DMSO for 24 h. Subsequently, cells were stained with acridine orange and visualized under 

fluorescent microscopy. White arrows point to the autophagosomes. One representative 

experiment of three is shown. 
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Figure 18: Effect of compounds 24, 30, and 36 on leukemia cell proliferation. (A) HL60 and (B) 

Nalm6 cells were treated with 20 µM of each compound. Cells treated with vehicle (DMSO) were 

used as control. Cell growth was determined with trypan blue exclusion at 0, 24, 48, 72, and 96 

h after incubation (*P < 0.05). 
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Figure 19: Effect of compounds 24, 30, and 36 in the intracellular activity of SRPKs. Nalm6 cells 

ǁeƌe tƌeated ǁith ϮϬ ʅM of eaĐh ĐoŵpouŶd foƌ Ϯϰ h iŶ oƌdeƌ to iŶǀestigate the effeĐt oŶ geŶe 

expression by RT-PCR assays (A) and SR protein phosphorylation pattern by Western blotting 

assaǇs ;BͿ. Cells tƌeated ǁith ǀehiĐle ;DM“OͿ oƌ “‘PINϯϰϬ [ϮϬ ʅM] ǁeƌe used as ĐoŶtƌol. OŶe 

representative experiment of three is shown for each analysis. (*) represent possible spliced 

isoforms and (**) represent the phosphorylated SRSF5 splicing factor. 
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Scheme 1: Nucleophilic aromatic substitution reactions between compound 1 and different 

amines involved in the preparation of compounds 2-7. 
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Scheme 2: Reduction of compounds 2-7 with SnCl2/HCl. 

  



70 
 

 

Scheme 3: Final step involved in the preparation of SRPIN340 and compounds 15-36. 
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3.7 Table 

Table 3: Synthesized compounds and half-maximal inhibitory concentration (IC50) values over 

leukemic cell lines. HL60 (AML), Jurkat (LLA-T) and Nalm6 (LLA-B) cells were treated with 

increasing concentrations (0 – 200 µM) of each compound for 48 h. Cell viability was determined 

using the MTT assay. The IC50 values are expressed as the means ± standard deviation of three 

independent experiments. 

Compound R1 Ar 
Yield 
(%) 

IC50 

HL60 Jurkat Nalm6 

SRPIN340   
75 38.3±8.7 75.4±5.7 70.6±5.0 

15 
  

82 59.2±5.0 80.9±6.7 59.0±2.8 

16   
70 NA NA NA 

17 
  

85 89.7±12.8 NA 63.6±6.6 

18 
  

78 NA NA NA 

19 
  

81 NA NA 51.9±0.8 

20   
78 NA NA NA 

21   
79 NA NA NA 

22 
  

59 84.1±6.0 88.4±11.9 NA 

23 
  

91 NA NA NA 

24 
  

37 14.2±0.9 20.6±4.0 35.7±1.0 

25   65 NA NA NA 

26 
  53 48.3±3.9 NA 52.3±3.7 

27   73 NA NA NA 

28 
  87 71.0±2.3 NA 63.2±2.0 

29 
  74 NA NA NA 

30 
  30 8.5±0.2 17.8±1.1 17.0±1.0 

31   88 NA NA NA 

32 
  55 34.9±1.7 NA NA 

33   80 NA NA NA 

34 
  84 NA NA NA 

35 
  78 NA NA NA 

36 
  58 11.8±0.4 33.8±1.8 6.0±2.4 

NA: Not active within the concentration range evaluated (0-200 µM); IC50 values expressed in 
µM; AML: acute myelogenous leukemia; ALL-T: T-cell acute lymphoblastic leukemia; ALL-B: B-
cell acute lymphoblastic leukemia. 
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4.1 Concluding Remarks 

The abnormal activity of SRPKs has been demonstrated in different tumors and has been 

linked to an increased tumor cell proliferation and apoptosis evasion. Considering leukemias, 

the overexpression of both SRPK1 and SRPK2 in patient has been also previously reported 

(Hishizawa et al., 2005; Jang et al., 2008; Salesse et al., 2004). Mechanistically, the 

overexpression of SRPK2 in leukemia cells has been linked to cell proliferation due to the 

hiperphosphorylation of the SR protein acinus, which increases the expression levels of cyclin 

A1 (Jang et al., 2008). These findings suggest that  strategies of SRPK inhibition would impact 

leukemia treatment regimes. 

Within this context, the major aim of this work was to investigate the antileukemia 

potential of the pharmacological inhibition of SRPKs. 

In a first study (Chapter 2), it was shown that SRPK1 and SRPK2 are overexpressed in a 

panel of myeloid and lymphoid leukemia cells but not in non transformed PBMCs. Along with a 

significant cytotoxic activity of a known SRPK pharmacological inhibitor (SRPIN340), its impact 

on SR proteins phosphorylation as well as in the expression of MAP2K1/2, FAS, and VEGF genes 

was observed. In addition, pharmacological treatments with this compound triggered early and 

late events of apoptosis. Furthermore, the in vitro structural data obtained with a recombinant 

SRPK2 form together with the analysis of docking and molecular dynamics provided possible 

mechanisms of SRPIN340 inhibitory activity. These findings were further corroborated and 

complemented by crystallographic studies on SRPK1/SRPIN340 complexes (Batson et al., 2017; 

Morooka et al., 2015). 

Aiming to obtain novel SRPIN340 derivatives with increased pharmacological properties, 

in a second study (Chapter 3) a series of trifluoromethyl arylamides was obtained in 

collaboration with Dr. Robson Ricardo Teixeira from the Department of Chemistry of UFV. Three 

compounds was selected with increased cytotoxic activity - compounds 24, 30, and 36. These 

compounds presented synergistic effect when combined with the chemotherapeutic agent 

vincristine, were able to induce apoptosis and autophagy in Nalm6 cells and displayed low 

toxicity against peripheral blood mononuclear cells (PBMCs). Remarkably, treatments of Nalm6 

cells with these compounds changed the expression pattern of oncogenic isoforms of 

MAP2K1/2, VEGF, and RON genes as well as decreased the phospho-SR protein signal. 

Taken together, these results suggest that SRPIN340 and its derivatives may be 

considered as valuable molecular probes to study the impact of splicing machinery in cancer 

cells as well as starting points for the development of a novel class of antitumor agents. 

It is important to point out that the data presented here indicated the compound 30 was 

the most effective in reducing the phosphorylation status of SR protein in comparison to 
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SRPIN340. These in vitro data have been corroborated by additional in vivo studies carried out 

in parallel by our group in a murine model of metastatic melanoma (Moreira, 2016; Moreira et 

al., 2018; in preparation). This fact is particularly relevant in the context of previous studies that 

have shown SRPIN340 as a compound with low potency and poor pharmacokinetic (Gammons 

et al., 2014). In this context, it is important to mention that two new SRPK inhibitors, named 

SRPIN803 and SPHINX31, have been recently described (Batson et al., 2017; Morooka et al., 

2015), and their likely antitumor activity remains to be demonstrated. In fact, it would be very 

interesting to considerer the in vitro and in vivo results obtained with these three substances in 

future medicinal chemistry efforts to obtain novel SRPKs inhibitors with relevant clinical 

potential. 

In conclusion, we showed in this work that SRPIN340 and its derivatives obtained possess 

antileukemic potential, a finding that also contributes to the consolidation of SRPK as interesting 

therapeutic targets. Furthermore, the newly obtained substances here may serve as scaffolds 

for developing novel classes of anticancer agents. Future studies should investigate the 

mechanism of action of these compounds in vitro as well as their pharmacokinetic properties in 

vivo. 
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4.5 Supporting Information 

 

 

Supplementary Figure 1. RT-qPCR analysis comparing SRPK2 mRNA expression in Molt4 and 

Nalm6 leukemia cells in relation to PBMC. mRNA expression analysis (A) shows that SRPK2 has 

higher expression in Molt4 and Nalm6 compared with non-transformed PBMC. Because all 

genes amplified to be used as endogenous controls strongly varied between the PBMC and 

leukemia cells (see graphs B-D), the data were normalized using the unit of mass of the starting 

material (Bustin, 2000; Wong and Medrano, 2005). For this analysis, equal amounts of total RNA 

and cDNAs were carefully determined spectrophotometrically, allowing us to plot the relative 

expression values as 2ΔCt, where PBMC was used as a calibrator (ΔCt = Ct(PBMC)—Ct(SRPK)). The same 

approach was attempted with SRPK1, but its expression could not be precisely compared with 

the leukemia cells (see graph E) because it was barely detected in the PBMC samples. 

Nevertheless, this indicates that SRPK1 has very low expression in PBMC, which is in good 

agreement with our WB assays (Figure 9A) and with previous RT-qPCR reports (Hishizawa et al., 

2005; Salesse et al., 2004). The primers used in these experiments are detailed in Supplementary 

Table 1. 

http://journals.plos.org/plosone/article/file?type=supplementary&id=info:doi/10.1371/journal.pone.0134882.s001
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0134882#pone-0134882-g001
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0134882#pone.0134882.s004
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0134882#pone.0134882.s004
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Supplementary Figure 2. Effect of SRPIN340 treatment on MAP2K1, MAP2K2, VEGF and FAS 

expression in HeLa cells. RT-PCR was performed using primers specific for MAP2K1, MAP2K2, 

VEGF, and FAS genes, and cDNA were derived from HeLa cells after 18 h of treatment with 

SRPIN340 (100 ʅM). Cells treated with the vehicle DMSO were used as a control. One 

representative experiment of three is shown. (*) MAP2K1 splicing variant as previously 

described (Hayes et al., 2007). 

 

  

http://journals.plos.org/plosone/article/file?type=supplementary&id=info:doi/10.1371/journal.pone.0134882.s002
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Supplementary Figure 3. Superposition of SRPK1 and SRPK2 crystallographic structures. SRPK1 

(PDB ID 1WAK, grey) and SRPK2 (PDB ID 2X7G, blue) structures were aligned attesting their high 

similarity. 

  

http://journals.plos.org/plosone/article/file?type=supplementary&id=info:doi/10.1371/journal.pone.0134882.s003
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Supplementary Table 1: List of primers. List of primers used for RT-PCR and quantitative RT-PCR 

assays. 

RT-PCR primers:   

Primer Name Primer seƋueŶĐe ϱ͛ϯ͛ Reference 

ACTIN_F CCAGCTCACCATGGATGATGATATCG Hayes et al., 2007 

ACTIN_R GGAGTTGAAGGTAGTTTCGTGGATGC  

FAS_F TCAAGGAATGCACACTCACC Clery et al., 2013 

FAS_R TCCTTTCTGTGCTTTCTGCAT  

MAP2K1_F CCAAAATGCCCAAGAAGAAGCCG Hayes et al., 2007 

MAP2K1_R CCAAACACTTAGACGCCAGCAGC  

MAP2K2_F CACCATCAACCCTACCATCGCC Hayes et al., 2007 

MAP2K2_R CCACTTCTTCCACCTCGGACC  

VEGF_F GTAAGCTTGTACAAGATCCGCAGACG Amin et al., 2011 

VEGF_R ATGGATCCGTATCAGTCTTTCCTGG  

RON_F 

RON_R 

CTGAATATGTGGTCCGAGACC 

TAGCTGCTTCCTCCGCCACC 

Clery et al., 2013 

Quantitative RT-PCR primers: 

Primer Name Pƌiŵeƌ seƋueŶĐe ϱ͛ϯ͛ Reference 

ACTIN_F TGGATCAGCAAGCAGGAGTATG _ 

ACTIN_R GCATTTGCGGTGGACGAT  

GUS_F GAAAATATGTGGTTGGAGAGCTCATT _ 

GUS_R CAGCACTCTCGTCGGTGACTGTTCA  

B2M_F GAGTATGCCTGCCGTGTG _ 

B2M_R CCTCCATGATGCTGCTTACATGTCTC  

SRPK1_F TGCTTGTTGGGTGCACAAA _ 

SRPK1_R CGATTAGAACTTCCAAGGAACGA  

SRPK2_F GCAAAGGACAATGGTGAAGCTGAGG _ 

SRPK2_R CATCATCATCTTCATCGTCCAGTTGC  

F: Forward primer; R: Reverse primer. 

 


