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Summary. – The human immunodeficiency virus (HIV) envelope, via a key extracellular amino acid sequence, 
may simulate the functionality of native undecapeptide substance P (SP) acting through the host's neurokinin 1 
(SP preferring) receptor (NK-1R). Human monocytes and macrophages express both NK-1Rs and SP. In HIV/
AIDS the NK-1R may function as a chemokine-like G-protein coupled co-receptor that: 1) fuses to the outer 
envelope of HIV; 2) enables intracellular entry of the envelope-capsid-NK-1R complex; 3) co-opts immune 
defence via its physiological interaction with the SP-like envelope; 4) may contribute to resistance of CD4/
chemokine entry inhibitor type drugs; 5) relaxes the blood-brain barrier to support entry of the HIV into the 
central nervous system, and 6) mediates most of the common clinical sequelae of HIV/AIDS (encephalopathy and 
AIDS dementia complex). The data support the idea that NK-1R antagonists could be useful to treat HIV/AIDS.
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1. Introduction

Substance P (SP) is an undecapeptide (Fig. 1) belonging 
to the tachykinin family of peptides. It is derived from the 
pre-protachykinin-A gene and is present in most human 
organ systems including the immune system. In the nervous 
system, SP mainly acts as a neurotransmitter/neuromodu-
lator. The biological actions of tachykinins are mediated 
by three neurokinin (NK)-1, NK-2 and NK-3 receptors 
(Rupniak and Kramer, 2017). SP, the natural ligand of the 
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NK-1 receptor (NK-1R), shows the highest affinity for this 
receptor. The C-terminus sequence of SP is essential for 
affinity and the minimum SP fragment retaining good af-
finity for the NK-1R is SP6-11 (Gln-Phe-Phe-Gly-Leu-Met). 
Moreover, like SP, the undecapeptide hemokinin-1 (HK-1) 
has a similar affinity for the NK-1R and both peptides have 
the same 6–11 C-terminus (Gln-Phe-Phe-Gly-Leu-Met). In 
a concentration-dependent manner, SP amplifies, modulates 
or induces pain, increases blood-brain barrier (BBB) perme-
ability and is involved in inflammation, neurodegeneration, 
psychological distress and virus infection (Elsawa et al., 2003; 
Harrowe et al., 1990; Ho et al., 2002; Kramer et al., 1998; 
Robinson et al., 2009; Rodríguez et al., 2014; Zimmer et al., 
2003). Conversely, in a concentration-dependent manner, 
NK-1R antagonists (NK-1RAs) mitigate in vitro and in vivo 
the above-mentioned pathophysiological actions mediated 
by SP.

Many studies have confirmed the involvement of the SP/
NK-1R system in human immunodeficiency virus (HIV) 
infection (Azzari et al., 1992; Douglas et al., 2001; Ho et al., 
1996, 2002; Li et al., 2001; Wang et al., 2008). The gp120 
protein is located in the outer HIV envelope and has been 
involved in the attachment/entry of HIV into cells. This 
mechanism is dependent on CCR5/CXCR4 chemokine co-
receptors (Briz et al., 2006). However, many authors have 
suggested that the attachment/entry of HIV is not exclusively 
provided through this mechanism (Livingstone et al., 1996; 
Moss et al., 2014; Stins et al., 2003; Wilen et al., 2012). Here, 
we update the involvement of the SP/NK-1R system in HIV 
infection. Moreover, according to the homology of the amino 
acid sequences between SP and gp120, we also suggest that, 
in addition to CCR5/CXCR4 chemokine co-receptors, the 
NK-1R ligation of SP-like gp120 amino acid sequences is 
crucial for the entry of HIV into cells.

2. Potential SP-like affinity of gp120 for the NK-1R

According to the amino acid sequence of SP (e.g., its  
C-terminus sequence is crucial for the affinity to the NK-1R) 
(Fig. 1), the presence of SP homologous dipeptide domains 
(which are able to bind to the NK-1R) can be detected in 
gp120 and other attachment/entry viral proteins (Figs. 1–7). 
The gp120 contains 455 aa (Fig. 1) (Phan et al., 2000) and is 
named according to its molecular weight (120 kDa). gp120 
contains three mimetic dipeptides of the SP C-terminus 
sequence: Gln-Gln (131–132), Phe-Phe (342–343) and 
Gly-Leu (397–398) (Fig. 1). Moreover, gp120 contains five 
mimetic peptides of the SP N-terminus sequence: Arg-Pro 
(261–262; 413–414); Lys-Pro (76–77; 215–216) and Pro-
Lys (169–170) (Fig. 1). gp120 is characterized by a notable 
genetic variability inferred from the expressed variants of 
reverse transcriptase during replication of the virus. This 

hyper-variability originates in the non-conserved V1 to V5 
extracellular regions of gp120 (Starcich et al., 1986); among 
them are sequences which indispensably bind the envelope 
to the host cell. These sequences have been implicated in 
host immune escape (Cenci et al., 2014) and in resistance 
to attachment-entry inhibitory drugs (Briz et al., 2006). 
Importantly, variants of gp120 (V3 to V5) (Fig. 1) (Phan et 
al., 2000) contain two mimetic dipeptides (Phe-Phe (86–87); 
Gly-Leu (151–152)) of the SP C-terminus sequence. These 
sequences, though short, are homologous to those found in 
SP and it is known that they contribute to binding of native 
SP to the NK-1R. It seems that this region of gp120, involved 
in host immune escape (Cenci et al., 2014), is necessary for 
HIV and mimics the SP function (due to the presence of 
Phe-Phe and Gly-Leu SP homologous domain sequences). 

Fig. 1

Substance P, HIV gp120 and viral fusion protein inhibitor amino acid 
sequences

SP (in black, dipeptides of the amino- and carboxy-termini), gp120 HIV (in 
black, SP homologous dipeptides of the amino- and carboxy-termini), gp120 
HIV (V3 to V5) (in black, SP homologous dipeptides of the amino- and 
carboxy-termini) and viral fusion protein inhibitor (in black, SP homolo-
gous dipeptides of the carboxy-terminus) sequences.

Fig. 2

HIV gp 41 amino acid sequence
gp41 HIV protein sequence (in black, SP homologous dipeptides of the 
amino- and carboxy-termini).
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The fusion domain of HIV-1 gp41 transmembrane portion 
of viral envelope spikes exhibits seven mimetic dipeptides 
of SP: N-terminus (Gln-Gln (40–41), Gln-Gln (41–42), 
Gln-Gln (52–53), Gln-Gln (80–81), Gln-Gln (143–144)) 
and C-terminus (Gly-Leu (182–183), Gly-Leu (185–186)) 
(Fig. 2). Accordingly, both the extracellular docking heads 
of envelope spikes (gp120) and the gp41 transmembrane 
portion as previously suggested, may enhance HIV entry 
through a SP/NK-1R mechanism (Ho and Douglas, 2004). 
The presence of SP mimetic dipeptides, in both gp120 and 
gp41, could explain this mechanism. The HIV-1 envelope 

glycoprotein is synthesized as a precursor glycoprotein 
(gp160) and is then processed into gp120 and gp41 (Salmi-
nen et al., 1997). gp160 contains 24 SP homologous dipep-
tides (Fig. 3), gp120, 8 (Fig. 1) and gp41, 6 (Fig. 2). It seems 

Fig. 3

HIV gp 160 amino acid sequence
gp160 HIV protein sequence (in black, SP homologous dipeptides of the 
amino- and carboxy-termini).

Fig. 4

F/G protein of respiratory syncytial virus amino acid sequence
F/G protein (respiratory syncytial virus) sequences (in black, SP homolo-
gous dipeptides of the amino- and carboxy-termini).

Fig. 5

Hemagglutinin of measles virus amino acid sequence
Hemagglutinin (measles virus) sequence (in black, SP homologous dipep-
tides of the amino- and carboxy-termini).

Fig. 6

Fusion protein of measles virus amino acid sequence
Fusion protein (measles virus) sequence (in black, SP homologous dipep-
tides of the amino- and carboxy-termini).

Fig. 7

VP1 protein of encephalomyocarditis virus amino acid sequence
VP1 protein (encephalomyocarditis virus) sequence (in black, SP homolo-
gous dipeptides of the amino- and carboxy-termini).
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that the greater number of mimetic peptides of the virus 
fusion protein (FP), the greater NK-1R binding. 

It has been reported that some oligopeptides inhibit 
virus infectivity/cell fusion and hemolysis induced by the 
paramyxoviruses (Richardson et al., 1980). In this sense, 
it has been reported that the viral FP antagonist Z-D-Phe-
Phe-Gly (Fig. 1) (shows the same active site as SP) blocked 
the SP function, i.e. inhibiting viral fusion and replication 
(Richardson et al., 1980). Moreover, it is known that the 
tripeptide Z-D-Phe-L-Phe-L-(NO2)-Arg (Z designates the 
carbobenzoxy group) inhibited the replication of measles 
virus (MV) (Richardson et al., 1980). Z-D-Phe-Phe-Gly and 
Z-L-Phe-L-Phe mimic the N-terminus of the F1 polypeptide 
(N-terminal region of the paramyxovirus F polypeptide or 
the myxovirus HA2 polypeptide): the first is 240 times more 
effective than the second (Z-D-Phe-Phe-Gly: IC50 0.2 µM; 
Z-L-Phe-L-Phe: IC50 42 µM) (Richarson et al., 1980). The 
specific inhibition of infectivity by oligopeptides resembling 
a region of a viral polypeptide could be a strategy for the 
chemical inhibition of viral replication. In addition, the 
data reported in this section also suggest a potential SP-like 
affinity of gp120 for the NK-1R.

Moreover, it is important to note that other attachment/
entry viral proteins also contain SP homologous dipeptides 
(Figs. 4–7). For example, in human respiratory syncytial 
virus (HRSV), F (fusion) and G (attachment) proteins are the 
only ones targeting cell membranes (Le Nouën et al., 2014). F 
protein contains 574 aa and eight SP homologous dipeptides 
(Fig. 4): Phe-Phe (351–352), Gly-Leu (545–546), Gln-Gln 
(224–225; 283-284), Leu-Met (96–97; 273–274), Pro-Gln 
(353–354) and Pro-Lys (389–390). The G protein (298 aa) 
contains ten SP homologous dipeptides (Fig. 4): Lys-Pro 
(145–146; 154–155; 158–159; 193–194; 201–202; 205–206; 
229–230), Pro-Lys (215–216) and Pro-Gln (95–96; 217–218). 
In MV, the hemagglutinin protein (617 aa) (Parks et al., 
2001) and the fusion protein (553 aa) (Komase et al., 1990) 
are involved in the binding of the virus to the cells. The he-
magglutinin contains the following thirteen SP homologous 
dipeptides (Fig. 5): Gly-Leu (51–52; 104–105; 264–265), Gln-
Gln (383–384), Leu-Met (162–163), Gln-Phe (179–180; 197-
198), Phe-Gly (431–432), Pro-Gln (3–4; 108–109), Pro-Lys 
(18–19), Arg-Pro (34–35) and Lys-Pro (236–237), whereas 
the fusion protein contains twelve SP homologous dipep-
tides (Fig. 6): Gly-Leu (5–6; 206–207; 492–493; 509–510; 
537–538), Leu-Met (61–62), Phe-Gly (220–221; 378–379), 
Arg-Pro (102–103; 535–536), Pro-Lys (319–320) and Lys-
Pro (539–540). In the encephalomyocarditis virus (EMCV), 
the VP1 protein (249 aa) is involved in viral infection (Meng 
et al., 2016). This protein contains thirteen SP homologous 
dipeptides (Fig. 7): Phe-Phe (28–29; 219–220; 248–249), 
Gly-Leu (133–134), Gln-Phe (69–70), Phe-Gly (215–216), 
Pro-Gln (68–69; 79–80; 164–165), Arg-Pro (78–79; 244–245) 
and Lys-Pro (146–147; 224–225). In sum, the presence of 

SP homologous dipeptides in HIV, HRSV, MV and EMCV 
attachment/entry viral proteins are a common feature and 
this suggests that viruses mimic SP sequences, included in 
the sequence of viral attachment/entry proteins, for entry to 
the host cell via the NK-1R (see below).

3. The role of SP in the immunopathogenesis of HIV  
and other viral infections

The general contribution of the SP/NK-1R system to HIV 
infection is persuasive and bidirectional. 1) SP enhances 
the infection of macrophages by HIV-1 and the peptide 
is involved in the entry of HIV into monocyte-derived 
macrophages (Ho et al., 1996, 2002); 2) HIV-1 infection 
of human immune cells increases the expression of SP by 
these cells (Ho et al., 2002); 3) SP activates HIV-1 replica-
tion in latently infected immune cells (Li et al., 2001); 4) In 
HIV-infected men and women, SP plasma concentrations 
are significantly increased (Douglas et al., 2001); 5) HIV-
infected children show higher plasma concentrations of SP 
than HIV-seronegative children (born from HIV-positive 
mothers) or than healthy control children (Azzari et al., 
1992); 6) The NK-1RA, CP-96,345, inhibited HIV infection 
of monocyte-derived macrophages by down-regulating 
the expression of the chemokine receptor CCR5 (Lai et al, 
2001). Aprepitant (SP antagonist) suppressed in vitro the 
HIV-1 infection of microglia/macrophages (Wang et al., 
2008) and, in a clinical trial with patients suffering from 
AIDS, the drug decreased the percentage of CD4+ T cells 
expressing PD-1 (Tebas et al., 2015); 7) SP and NK-1R are 
located in both cytoplasm and nucleus of macrophages; 8) 
In murine EMCV-infection, SP levels increased 61-fold but 
SP-precursor knockout mice are completely protected from 
EMCV mortality, cardiomegaly, cardiac inflammation, ne-
crosis, cardiomyocyte apoptosis and hypertrophy (Robinson 
et al., 2009). Moreover, the NK-1RA aprepitant reduced 
mortality, heart and cardiomyocyte size, and cardiac viral 
RNA levels. Pre-treatment with aprepitant improved heart 
functions; it significantly decreased end systolic diameter, 
improved fractional shortening, and increased peak aortic 
flow velocity (Robinson et al., 2015), and 9) Respiratory 
syncytial virus (RSV)-infection increased the level of mRNA 
encoding the NK-1R (increased four-fold in RSV-infected 
lungs) (King et al., 2001). In sum, the previously mentioned 
data show that the SP/NK-1R system contributes to HIV and 
other viral infections (Ho and Douglas, 2004).

Additional data support the involvement of the SP/NK-1R 
system in viral infection. For example, the sequences of SP 
and that of the FP domain of MV show homologies (Fig. 1) 
and for this reason the NK-1R expressed in immune cells 
may facilitate the fusion step of MV infection (viral entry into 
cells) (Harrowe et al., 1990). The oligopeptide Z-D-Phe-Phe-
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Gly (shows the same active site as SP) inhibited MV fusion 
with target cells (Harrowe et al., 1990). Moreover, during 
viral fusion, anti-SP antisera inhibited the cell-to-cell spread 
of MV and the MV-NK-1R interaction (Harrowe et al., 1990). 
This means that both MV and SP bind to the NK-1R and 
hence MV may use the NK-1R during a specific phase of the 
infectious cycle. Finally, the SP-NK-1R system has been also 
implicated in the pathophysiology of other viral infections 
(King et al., 2001; Piedimonte, 2001; Robinson et al., 2009; 
Svensson et al., 2005; Zimmer et al., 2003). 

SP plays a critical role in HIV gp120-induced increase in 
permeability of rat brain endothelium cultures. SP enhances 
inflammatory cytokine production by immune cells and 
these cytokines modulate the HIV infection of immune 
cells (Ho and Douglas, 2004). Moreover, in HIV infection, 
the gp120 coupled to chemokine receptors (e.g., CCR5/
CXCR4) is linked to pain, increase in BBB permeability 
(and central nervous system infectivity), neuronal death, 
and HIV encephalopathy (i.e., altered consciousness with 
variable neurological signs) (Annunziata et al., 1998; Bachis 
et al., 2012; Hao, 2013; Louboutin et al., 2012; Toneatto et 
al., 1999). All previous mechanisms are induced by SP and 
mitigated by NK-1RAs (Annunziata et al., 1998; Martinez 
et al., 2017; Wang et al., 2008). Both spantide (a peptide 
NK-1RA) and anti-SP antibodies completely blocked the 
dose-dependent gp120-induced increase in albumin per-
meability in rat brain endothelial cells (Annunziata et al., 
1998). This is consistent with the notion that gp120 ligates 
and activates NK-1R signaling. It is also known that NK-1R 
signaling promotes neuroinflammation and BBB dysfunction 
(Rodríguez et al., 2014): SP induces the activation of brain 
microvascular endothelial cells (HBMECs), leading to secre-
tion of tumor necrosis factor-alpha and angiopoietin-2 from 
HBMECs, inducing changes in localization/distribution of 
tight junction protein zonula occludins-1 and claudin-5 
and increasing HBMECs permeability. By contrast, in vivo, 
spantide inhibited changes in BBB permeability (Rodríguez 
et al., 2014). Thus, NK-1RAs exert a neuroprotective effect 
(diminished neuroinflammation and increased repair of the 
BBB) (Annunziata et al., 1998; Martinez et al., 2017; Wang 
et al., 2008). Altogether, the current data confirm that the 
NK-1R is a general viral intracellular gateway.

4. An alternate attachment/entry of HIV to host cells 

Among the attachment molecules on the outer HIV 
envelope is the well-characterized gp120. The mechanism 
of intracellular transport of HIV-1 is elucidated from stud-
ies in CD4+ cells through which the viral exterior envelope 
glycoprotein, gp120, is re-conformed by the CD4 antigen 
to fuse HIV with surface chemokine co-receptors such as 
CCR5/CXCR4 (Briz et al., 2006). Despite wide consensus 

on this mechanism, it is the broad tropism of HIV which 
nevertheless prompts some authors to suggest that attach-
ment and entry of HIV might not be wholly dependent on 
CCR5/CXCR4 chemokine co-receptors (Livingstone et al., 
1996; Moss et al., 2014; Stins et al., 2003; Wilen et al., 2012) 
or the CD4 antigen (Sakaida et al., 1998). 

According to the data mentioned in the previous sections 
the following mechanism for HIV attachment and entry 
that supplements the gp120-CD4-chemokine model can be 
suggested: the attachment spikes on the outer HIV envelope 
(specifically on the gp120 V3 to V5) (Yuan et al., 2013) are 
composed of dipeptides that are homologous to native SP, 
and may be capable of binding directly with NK-1Rs on 
host cells (human monocytes and macrophages express 
NK-1Rs). Thus, HIV, acting as SP-like, may either enter cells 
through classic ligated G protein-coupled receptor internali-
zation, i.e. as an HIV-NK-1R complex or through fusion. 
Attached NK-1Rs generally migrate as vesicles from the 
cell surface to endosomes or onto the nuclear membrane. 
In addition, NK-1Rs (full or truncated), if directly activated 
by HIV, could simultaneously induce the mitogenic activity 
which is required for viral replication. This idea coincides 
with data indicating that the SP/NK-1R system is relevant 
to the immuno-pathogenesis of HIV/AIDS infection (Ho 
et al., 2002). Additionally, as highlighted below, many of 
the chronic clinical manifestations of HIV/AIDS are pu-
tatively attributable to NK-1R activation. About 30% of 
patients develop the AIDS dementia complex (multifocal 
encephalitis, cognitive disturbances, fatigue, insomnia, 
depressive episodes, anxiety, variable neurological signs) 
as well as chronic neuropathic and rheumatic pain and 
finally neuronal apoptosis (González-Scarano and Martín-
García, 2005).

5. The potential therapeutic role of NK-1RAs  
in HIV/AIDS and other viral infections

NK-1RAs may act against HIV infection by a four-fold 
mechanism: 1) by blocking the entry and attachment of 
HIV to the host cell through: a) decreasing the expression of 
immune cell cytokine/chemokine HIV co-receptors (Lai et 
al, 2001); b) blocking alternative HIV cell entry via variant 
gp120 binding to the NK-1R; or c) decreasing the number 
of CD4+ PD-1-positive cells (Tebas et al., 2015); 2) decelerat-
ing HIV replication by inhibiting NK-1R induced host cell 
mitosis (Ho et al., 2002); 3) by reducing HIV in the central 
nervous system infectivity by blocking HIV access to the 
central nervous system through mitigating NK-1R-induced 
loosening of junctional complexes at the BBB (Annunziata 
et al., 1998); 4) by mitigating encephalopathy and AIDS 
dementia complex/other sequelae (Martinez et al., 2017; 
Wang et al., 2008). 
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In stark contrast to the original “D amino-acid substi-
tuted” peptide-based NK-1R inhibitors, the scores of new 
non-peptide NK-1RAs are highly selective, lipid soluble, 
cross the BBB, and are distinguished pre-clinically and 
clinically by extraordinarily wide therapeutic indices (safety) 
(Muñoz and Coveñas, 2013). Some of them might be avail-
able for licensing for developing an anti-HIV indication. 
Of the many non-peptide NK-1RAs discovered, only three 
of them (aprepitant, fosaprepitant, rolapitant) are currently 
used in clinical practice. Aprepitant is available in a clini-
cally approved form as an antiemetic (orally: <125 mg/d for 
3 days). It is important to remark that in humans aprepitant 
has been dosed as high as > 300 mg daily for up to 8 weeks 
and 1,200 mg (daily) in normal volunteers without safety 
issues (Kramer et al., 1998). Moreover, the administration of 
aprepitant (375 mg, daily) in HIV patients for 2 weeks was 
safe and well tolerated (Tebas et al., 2015). 

In vitro studies have reported that non-peptide NK-1RAs 
(e.g., CP-96,345, L-733,060, aprepitant) might be useful for 
the treatment of HIV (Ho and Douglas, 2004). However, in 
a human clinical study, it has been reported that aprepitant 
(125–250 mg/day) showed some biological activity, but no 
significant antiviral activity (Tebas et al., 2011). This appar-
ent lack of activity could be probably linked to the low doses 
used. Greater SP plasma concentrations are observed in HIV/
AIDS patients than in normal control, suggesting that the 
up-regulated SP/NK-1R system contributes to an intense 
neurogenic inflammatory response. Because in HIV, NK1-
Rs are overexpressed (Tebas et al., 2015), doses/exposures 
should be higher (> 250 mg/day, ~ 2 µM) than those currently 
administered clinically to prevent emesis (125 mg, ~1 µM). 
However, there is a need to test efficacy. In HIV-1-infected 
adults, it has been reported that aprepitant (375 mg/day) 
decreased the number of CD4+ PD-1-positive cells and the 
plasma level of SP (Tebas et al., 2015). 

In an in vivo model of toxic hepatitis NK-1RAs (CP-
96,345, L-733,060), at doses of 10 mg/kg and 20 mg/kg, 
respectively exerted an anti-inflammatory action (Bang et 
al., 2004). Moreover, in the rhesus model of Lyme neurobor-
reliosis the effects of the NK-1R antagonist aprepitant has 
been tested (Martínez et al., 2017). Drug treatment (28 ± 6 
mg/kg per day) started two days before the inoculation of 
Borrelia burgdorferi; it is known that neural pathologies ap-
pear eight weeks after the infection. Two-four weeks after the 
infection, aprepitant attenuated Borrelia burgdorferi-induced 
elevations of CCL2, CXCL13, IL-17A and IL-6 gene expres-
sion in dorsal root ganglia, spinal cord and/or cerebrospinal 
fluid. Aprepitant also prevented the increase of the NK-1R 
expression and decreased the expression of glial fibrillary 
acidic protein (an astrocyte marker) (Martínez et al., 2017). 
In humans with inflammatory bowel disease, NK-1Rs are 
massively up-regulated, as are those in an animal model 
(inflammatory bowel disease induced by Cryptosporidium 

parvum) (Sonea et al., 2002). Pre-clinically, doses of 30 mg/
kg of LY-303,870 (a subnM selective NK-1RA) were required 
for reversal of the pathology (Sonea et al., 2002). 

On a pharmacokinetic basis alone, it has been suggested 
that a minimum dose of about 1,000 mg/day of aprepitant 
is required to treat HIV infection. The critical relationship 
between adequate human dosing and therapeutic efficacy of 
the mechanism has been further amplified in NK-1RA clini-
cal antidepressant research. The sustained under-exposure 
of a new formulation of aprepitant tested in a massive phase 
III trial without benefit of its dose-efficacy response, led 
to the failure to replicate the antidepressant activity of the 
mechanism which had been replicated previously in ~ 1,500 
patients and multiple independent investigator groups. Ap-
proximately 100% human receptor occupancy appears to be 
required for that indication (Rupniak and Kramer, 2017).

6. Conclusion

Voluminous data presented herein and elsewhere concep-
tually support that NK-1R antagonism is an HIV antiviral 
mechanism that must still be tested clinically at adequate 
NK-1RA exposure. We also suggest that the NK-1R binding 
of SP-like gp120 variable region sequences could be crucial 
for the entry of HIV into cells. On that basis, non-peptide 
NK-1RAs could be useful for the treatment of HIV and HIV 
resistant mutant infections. Future pre-clinical studies are 
needed to investigate 1) potential interactions between HIV, 
SP, CD4, NK-1R, CCR5/CXCR4 on a variety of human cells; 
2) the influence of NK-1RAs on cell to cell spread of HIV; 3) 
passage of HIV across the BBB and the influence of NK-1RAs 
in preventing of breaching the BBB, and 4) the prevention 
of encephalopathy and AIDS dementia complex after using 
NK-1RAs. Also, clinical investigations of NK-1R antagonism 
system in viral infections other than HIV may be warranted. 
Finally, as an important cautionary note: the required dose of 
NK-1 receptor antagonists should be higher than previously 
clinically tested in order to have both biological and anti-HIV 
effects and thus to be able to eradicate HIV.
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