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Abstract: The human immunodeficiency virus (HIV) is classified as a retrovirus within the Lentivirus genus, 

distinguished by its intricate life cycle and its broad network of interactions with host cells. Despite the 

availability of effective antiretroviral therapy, several World Health Organization (WHO) regions are 

witnessing an increase in cases of HIV infection. Additionally, the issue of HIV drug resistance poses a 

substantial challenge, highlighting the need for comprehensive research into HIV infection, including the 

identification of novel targets to disrupt the virus's life cycle.A variety of approaches and methodologies are 

employed for the study of HIV infection, including techniques from molecular and cellular biology. Many of 

these methods utilize fluorochromes to visualize the objects of interest. This article explores specific 

applications of a technique for detecting fluorescent signals known as imaging flow cytometry. A distinctive 

feature of imaging flow cytometry is its capacity to produce images of each recorded event. 
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 Introduction 

The human immunodeficiency virus (HIV) is a retrovirus classified within the Lentivirus genus 

and is responsible for causing the condition referred to as HIV infection. In the absence of therapeutic 

intervention, this infection advances to acquired immunodeficiency syndrome (AIDS). HIV engages 

in intricate interactions with the host organism. It not only integrates into the human genome, altering 

antigenic profiles and inducing apoptosis in immune system cells, but it also establishes latent 

reservoirs capable of preserving the viral genome over extended periods [1]. 

            As of July 22, 2024, global estimates indicated that 39.9 million individuals are living with 

HIV, with 30.6 million of them receiving antiretroviral therapy (ART) [2]. ART has been substantiated 

as effective not only for managing the infection at the individual level but also as a potent strategy to 

first stabilize and subsequently reduce HIV transmission among individuals [3]. Nonetheless, ART 

results only in disease remission, necessitating lifelong administration. 

           As the number of individuals on ART rises, the issue of HIV drug resistance becomes 

increasingly significant [4,5]. Experts report that even the most advanced medications, such as 

lenacapavir, may lose efficacy due to viral resistance. Consequently, these drugs must be 

administered in combination with other treatments [6]. It remains imperative to investigate the HIV 

life cycle and identify novel targets for either suppressing HIV replication or achieving complete 

eradication of the virus from human cells. Such research endeavors require high-quality in vitro 

models of HIV infection. In conducting studies with these models, researchers frequently analyze 

extensive cell populations using flow cytometry, which offers unmatched statistical power. 

Flow cytometry was first utilized for the study of HIV infection as early as 1986 [7,8]. Initially, it 

was applied in simple clinical assays, primarily to quantify CD4+ and CD8+ T lymphocytes. Over the 

years, advancements in antibodies, dyes, and equipment have augmented the capabilities of flow 

cytometry. 
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No other cellular analysis method currently employs fluorochromes as effectively as flow 

cytometry does. Contemporary systems can capture data for 19 parameters or more from a single 

sample [9]. Advanced high-sensitivity equipment facilitates the detection of particles at the resolution 

limits of light microscopy, such as virions [10]. A novel advancement in this field is imaging flow 

cytometry, now adopted by several commercial systems. 

The first category includes devices that resemble enhanced cell counters more than traditional 

flow cytometers. These systems capture cell images through fluorescence imaging, with cells placed 

on a solid surface like glass or a plate. Once images are acquired, software processes them to ascertain 

the number of cells and the fluorescence intensity of the dye. This intensity data is then plotted on 

two-dimensional graphs, where each point represents the fluorescence signal intensity within a cell, 

thereby simulating the functionality of a flow cytometer. 

This method offers benefits like rapid and straightforward analysis and reduced equipment 

costs compared to traditional flow cytometers. Nonetheless, it also presents limitations, such as the 

inability to assess intracellular heterogeneity and lower sensitivity. 

The second category includes imaging flow cytometers configured similarly to classical flow 

cytometers. They employ objectives with magnifications ranging from 20x to 60x and specialized 

CCD cameras with time-delay integration technology for image acquisition. The camera "tracks" cells 

as they traverse its field of view, accumulating fluorescent signals; this is similar to exposure in 

fluorescence microscopy (Figure 1, A). To construct images, the CCD camera records the number of 

photons from different regions of a cell (Figure 1, B). Due to the low flow rate, cells remain under the 

camera's observation long enough to accumulate a discernible fluorescent signal, yielding high-

resolution and clear images. 

 

 

Figure 1. illustrates the image and mask construction principle in Amnis flow cytometers: A – signal 

accumulation from charge pixels on the CCD camera; along the Z-axis is the fluorescence intensity 

scale, while the X and Y axes denote the cell's coordinates on a plane, with each square between X and 

Y axes representing a section of the CCD matrix (pixel) accumulating the fluorescent signal; B – the 

formation of a two-dimensional image based on signals from the CCD camera, depending on photon 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 December 2024 doi:10.20944/preprints202412.0257.v1

https://doi.org/10.20944/preprints202412.0257.v1


 3 

 

count from various cell areas (X and Y axes); C – an example of creating a new mask by combining 

basic masks using the logical NOT operator, Venina Dominical et al., 2016. 

For the mitigation of signal noise in specific fluorescence channels, a spectral compensation 

matrix — calculated based on samples with a single fluorescent dye (compensation control) — is 

utilized. The software characterizes each obtained image with 86 parameters. Besides traditional flow 

cytometry parameters like forward and side scatter and intensity, dozens of characteristics related to 

the size, shape, localization, comparison, and texture of objects are incorporated. Specialized masks 

and their combinations are employed to accentuate specific analysis regions in images, such as 

membranes, nuclei, or intercellular interaction zones (Figure 1, C). The combination of 86 

characteristics, 20 masks, and 12 channels allows for the identification of cell subpopulations based 

on an extensive range of parameters. A crucial aspect of operating such equipment is the added 

capability to create custom mask combinations using logical AND, OR, and NOT operators (Figure 

1, C; Figure 5). The analysis software permits consideration of each parameter for individual objects, 

considerably enhancing the study's statistical power. Compiling this volume of information via 

microscopy would require weeks and would be virtually impossible when dealing with rare events 

(<1:10000). 

In contemporary HIV research, the emphasis is increasingly transitioning from the analysis of 

all cell types in blood samples to the examination of individual cell populations. Notably, memory T-

cells, which frequently constitute latent reservoirs of HIV proviruses, along with astrocytes, the 

neuronal support cells implicated in HIV replication within the central nervous system (CNS), 

warrant particular attention. Flow cytometry stands out as a potent technique for investigating cell 

populations, as it facilitates the collection of data from tens of thousands of cells. Nonetheless, this 

method has inherent limitations: in the absence of imaging, it is not feasible to draw definitive 

conclusions regarding signal specificity, ascertain fluorescence localization, or scrutinize infrequent 

events. For these purposes, microscopy is typically employed in conjunction with flow cytometry. 

Imaging flow cytometry synergistically integrates the functionalities of a flow cytometer and a 

microscope. This review delves into the current domains of HIV infection research wherein the 

evaluation of a substantial number of cells is essential and evaluates the advantages presented by 

imaging flow cytometry. 

The Latent HIV Reservoir Evaluation 

            Latent reservoirs are inactive copies of the HIV provirus that can serve as templates 

for viral replication in the event of activation, such as during the cessation of antiretroviral therapy 

(ART) or in a decrease of the concentration of antiretroviral drugs (ARVs) [1]. These latent reservoirs 

are currently responsible for the inability to achieve a complete cure for HIV in humans [10,11]. 

However, there are several promising approaches. 

            Among these, gene therapy and strategies for blocking HIV expression are mostly 

discussed due to the success of these technologies in treating other diseases [12], such as spinal 

muscular atrophy in children (Zolgensma). However, there is currently a gap in the number of 

approved gene therapy drugs for infectious diseases within the industry [13]. Nonetheless, there are 

several registered vaccines developed using this technology [14]. For these editing systems to work 

correctly, they must be delivered directly into the infected cell, thus presenting challenges in 

determining the number of cellular reservoirs of the virus, their stability, and the accessibility of 

chromatin for CRISPR-Cas components. 

Cellular Reservoirs 

The primary target of HIV is CD4+ T-lymphocytes, with certain subpopulations within this 

group being long-lived cells. This contributes to the formation of a stable viral reservoir, including a 

latent inactive one. Memory T-lymphocytes serve as the main source of new HIV viral particles after 

a pause in antiretroviral therapy (ART). These cells are divided into three main subpopulations: 

central memory T cells (TCM), transitional memory T cells (TTM), and effector memory T cells (TEM) 
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[15]. Recent studies have also identified immature memory T cells (TSCM) as a reservoir for HIV 

proviruses [16]. There are various opinions regarding the most suitable memory T-cell subpopulation 

for maintaining the viral reservoir; however, all described populations can harbor HIV DNA and are 

the focus of research as objects for flow cytometry. 

Another cellular reservoir of hematopoietic origin is constituted by tissue-resident macrophages, 

such as those found in bone tissue, lungs, and the central nervous system (CNS) [17]. These cells are 

infected while in the monocyte stage in peripheral blood and subsequently migrate into various 

tissues throughout the body, making it challenging to pinpoint an anatomical location for this 

reservoir. The positive aspect is that macrophages are not long-lived cells, with an average lifespan 

of 90 days, although in exceptional cases (such as CNS microglia), they may persist for 2-4 years [18]. 

However, they actively move and can disseminate both free HIV viral particles and transmit the virus 

through intercellular contacts, including to macrophages that have recently migrated into the tissue. 

The issue of cell-to-cell HIV transmission during antiretroviral therapy (ART) is not fully resolved, 

but it appears to occur [19]. It is known that tenofovir, the nucleoside reverse transcriptase inhibitor 

(NRTI), and efavirenz, the non-nucleoside reverse transcriptase inhibitor (NNRTI), which effectively 

block the reverse transcription process, thereby preventing the development of infection after a virion 

enters a cell, have a reduced efficacy in blocking the infection process when viral material is 

transmitted through virological synapses [20]. Thus, a vicious cycle arises: an infected monocyte 

transitions from peripheral blood to tissues, becomes a macrophage, and subsequently infects other 

macrophages, perpetuating the process. It remains to be determined how stable this depot of HIV 

quasispecies is, but it should be noted that a macrophage reservoir of HIV may be present in virtually 

any tissue at any time. 

One of the most unusual reservoirs of HIV is macroglial cells, specifically astrocytes [21]. These 

cells are located in the central nervous system (CNS) and are a component of the blood-brain barrier 

(BBB), providing both protective and trophic functions for neurons. Several studies have 

demonstrated the potential of astrocytes to become infected with HIV and their ability to facilitate 

cell-to-cell spread of the virus [22]. To date, there is no definitive information regarding the capacity 

of astrocytes to sustain productive HIV infection; however, some studies affirm this capability [23]. 

Furthermore, astrocytes are long-lived cells capable of maintaining a latent reservoir of HIV for 

extended periods [24]. As a result, the CNS serves as a major source of viral particles in peripheral 

blood during ART interruption [25]. 

The latent reservoir of HIV can be identified, for instance, using the method of fluorescent in situ 

hybridization (FISH) [10,11,26–30]. The essence of the method involves the use of probes, which are 

oligonucleotide DNA fragments that bind to the target DNA based on the principle of 

complementarity. This technology is widely employed for diagnosing viral infections, such as 

hepatitis B and animal viruses [31,32], researching viral replication [33], analyzing the localization 

and transport of viral nucleic acids in the cytoplasm [34], and studying HIV reservoirs. In this context, 

while FISH may be less precise than sequencing methods, it reliably identifies the localization and 

quantity of hidden viral reservoirs [35]. 

In addition to the previously mentioned applications of FISH staining, this technique assists in 

quantifying the number of HIV proviruses within the cellular genome, determining the potential for 

HIV integration into various cell types, such as lymphocytes, spermatozoa, and astrocytes, and 

conducting highly sensitive analyses of HIV presence in patients with discordant diagnostic test 

results. Furthermore, this method can be combined with immunocytochemical staining. For example, 

the visualization of modified histones can indicate the level of transcriptional activity, including in 

regions where HIV proviruses have integrated. 

HIV transcripts serve as crucial markers for the progression of HIV infection within the cell. 

RNA-FISH is employed to determine the activity level of the HIV provirus [36], to investigate cellular 

responses to therapy (such as the identification of HIV RNA and Gag gene products) [37], and to 

assess the qualitative and quantitative composition of mRNA required to mediate different HIV 

phenotypes (rapid/high or slow/low). Beyond identifying HIV transcripts, the FISH methodology can 

also be used to label host cell RNA, thereby facilitating the study of antiviral responses at the onset 
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of infection and the reprogramming of cellular metabolism to accommodate the synthesis of viral 

proteins. This is reflected in the qualitative and quantitative changes in the transcripts of host genes 

(such as PD-1, CTLA-4, CD160, TIGIT, among others) [38–40]. Similarly to DNA detection, flow 

cytometry coupled with imaging is an excellent tool for the detection of RNA-FISH when quantitative 

assessment of the target molecules of interest is required. 

There are numerous methods and protocols for performing DNA-FISH [28,29,41,42] and RNA-

FISH [37,43,44] on HIV nucleic acids. However, the capabilities of classical flow cytometry are 

significantly limited; it allows for only semi-quantitative measurement of HIV provirus based on 

fluorescence measurement, as it cannot localize the signal (nucleus or cytoplasm) or assess the 

specificity of probe hybridization with the target. Imaging flow cytometry, on the other hand, enables 

comprehensive quantitative measurement by allowing visualization of images and determining the 

number of hybridization spots. The gating strategy for quantitative measurement of hybridization 

spots using imaging flow cytometry is presented in Figure 2; IDEAS 6.2 software and rif files from 

Amnis FlowSight's FlowSight software were used as examples for recording flow cytometry events. 
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Figure 2. Hybridization spot detection using imaging flow cytometry:.A – Gating strategy for 

isolating a population of single cells; B – Segregation of populations with a low number of 

hybridization spots (left) and a high number of hybridization spots (right); C – Distribution plot of 

events based on the number of hybridization signals, generated using IDEAS 6.2 software for flow 

cytometers with the Amnis imaging system. 

It is noteworthy that Amnis allows the use of software for automated analysis, specifically the 

built-in assistant for counting fluorescence spots (Spot, Figure 2, B). When selected, IDEAS will guide 

the user step-by-step to isolate the desired subpopulations until the final result is achieved, such as 

the number of cells with varying numbers of HIV proviruses. In addition, there are machine learning 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 December 2024 doi:10.20944/preprints202412.0257.v1

https://doi.org/10.20944/preprints202412.0257.v1


 7 

 

methods compatible with newer versions of IDEAS (Amnis data analysis software) that expedite 

result acquisition [45,46].  

IDEAS 6.2 possesses another tool to assist in identifying and analyzing positive events based on 

FISH staining. This feature is a wizard known as Nuclear localization. The algorithm aids in isolating 

events with fluorescent signals localized within the cell nucleus. When utilizing DNA-DNA FISH, 

this assistant enables the isolation of a pure subpopulation of cells without erroneous or background 

staining in the cell cytoplasm (Figure 3). 

 

Figure 3. Algorithm for using the Nuclear Localization wizard in IDEAS 6.2 software: A – Selecting 

the channel for whole cell images and the probe channel, identifying events positive for fluorescent 

signals; B – The algorithm's output, distinguishing between a population with nuclear signal 

localization and one with extranuclear localization; C – A segment from the image gallery of cells with 

nuclear signal localization; D – A segment from the image gallery of cells with extranuclear signal 

localization. 

Cellular Cytoskeleton During HIV Infection 

The cytoskeleton is a dynamic cellular structure consisting of three primary components: 

microtubules, intermediate filaments, and actin microfilaments [42]. Actin microfilaments are the 

smallest of the cytoskeletal filaments, with a diameter of 6-8 nm. They support the cell's shape and 

have the ability to attach to the inner side of the cytoplasmic membrane, which enables the 

displacement of segments of the cytoplasmic membrane relative to one another. Microtubules, the 

largest of the cytoskeletal structures with a diameter of 25 nm, are comprised of two main proteins: 

alpha and beta tubulin. This cytoskeletal component is involved in intracellular transport facilitated 

by ATP-dependent motor proteins; transport occurs bidirectionally, towards both the plus and minus 

ends. Notably, this system is used to transport HIV capsid proteins [47]. 

During HIV infection, the cellular cytoskeleton undergoes alterations as a result of both the 

antiviral response and the action of early HIV regulatory proteins (Nef, Rev, Tat, and Vif). On one 

hand, actin microfilaments serve as a barrier to HIV entry into the cell due to their role in maintaining 

the physical structure of the cytoplasmic membrane [48]. Conversely, they are also responsible for 

the clustering of CD4 receptors with coreceptors CCR5 or CXCR4 on the cell membrane, which are 
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crucial for the entry of HIV virions into the cell. Microtubules play a significant role in intracellular 

transport and are responsible for transporting HIV proteins and potentially the pre-integration 

complex during its transit to the nucleus. Moreover, the cytoskeleton is a key structural element for 

the interaction of the virus with other cells and for the cell-to-cell transmission of HIV, which may 

represent the predominant mode of HIV transmission in vivo [49]. 

Actin Microfilaments 

           The primary function of this component of the cytoskeleton is contraction, through 

which they maintain cell shape and participate in the formation of intercellular interactions. 

Additionally, actin microfilaments can facilitate the local concentration of surface receptors, which 

plays a significant role in the entry of HIV virions and the cell-to-cell transmission of HIV [48]. 

          During the binding phase of the HIV protein gp120 with the cellular CD4 receptor, a 

signaling cascade is initiated that triggers actin-dependent clustering of the CD4 receptor and co-

receptor to reduce their lateral mobility and stabilize fusion pores [50]. As the cytoplasmic membrane 

of the cell undergoes structural rearrangement, HIV seeks an optimized entry point, a process 

referred to as "viral surfing" [51]. 

         The time required for the reorganization of the actin cytoskeleton is a limiting factor in 

this process, as the rate of CD4 and CCR5/CXCR4 clustering will determine the average time 

necessary for viral surfing prior to cell entry. 

          The capabilities of traditional flow cytometry in studying this issue are limited. 

Measuring fluorescence without microphotography visualization cannot provide a comprehensive 

picture of the events occurring, as the number of receptors and actin microfilaments may remain 

unchanged, and thus the overall fluorescence signal level upon staining may not be altered. Flow 

cytometry with visualization allows for the delineation of the area of intercellular interaction using 

masks and facilitates the analysis of fluorescence intensity alterations specifically in this region (Fig. 

4). 

HIV induces remodeling of actin microfilaments not only during the entry stage into the cell but 

also later, after the initiation of expression of early (regulatory) HIV proteins. For instance, Nef 

utilizes the protein PAK2 to modulate the actin dynamics of the host cell; the SH3 domain of Nef can 

bind with PAK2, forming the Nef-PAK2 complex [52]. This complex inhibits the formation of F-actin 

microfilaments at the cell periphery without reducing the overall quantity of actin. As a result, the 

infected cell exhibits decreased mobility and reduced capacity for the formation of immunological 

synapses. However, Nef does not affect the F-actin present in filopodia and nanotubes, thus 

maintaining the cell's motility and its ability to transmit HIV to other cells [53]. 
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Figure 4. Actin rearrangement during the formation of the immunological synapse between a CD4+ 

cell and an antigen-presenting cell (APC). The arrow indicates the localization of the immunological 

synapse. Receptors for intercellular interactions are concentrated on the cytoplasmic membrane due 

to actin filaments of the cytoskeleton; Guido H. Wabnitz et al., 2015. 

Imaging flow cytometry offers numerous opportunities to assess the remodeling of the actin 

cytoskeleton component during HIV infection. Its high statistical power — achieved by analyzing a 

multitude of events combined with process visualization — enables a reliable evaluation of actin 

microfilament remodeling before and after HIV enters the cell. Meanwhile, standard flow cytometry 

does not provide information on structural changes, and microscopy falls short of the aforementioned 

method in terms of statistical power. 

Certain software programs — for example, IDEAS 6.2 (Fig. 5) — can highlight regions of the 

cell's cytoplasmic membrane and measure fluorescence specifically at those locations. For a 

contrasted visualization of CD4 receptor distribution on the cytoplasmic membrane surface, a mask 

can be created which includes peak fluorescence values from the receptor-targeting antibodies (Peak 

parameter) in the dye channel, and then subtracts the cell mask value (Morphology parameter) from 

this mask. Ultimately, the custom mask—termed "receptor localization"—indicates the region where 

receptor clusters are located. As shown in Fig. 5, C cells can exhibit either a uniform distribution of 

the CD4 receptor (left) or discrete clusters caused by developing HIV infection (right). These clusters 

facilitate the intercellular transmission of HIV. 

Certain software programs provide the capability to highlight regions of the cell's cytoplasmic 

membrane and measure fluorescence specifically at these locations. An example of such a program 

is IDEAS 6.2 (Fig. 5). For a contrasted visualization of CD4 receptor distribution on the surface of the 

cytoplasmic membrane, one can create a mask that includes peak fluorescence values from the 

receptor-targeting antibodies (Peak parameter) in the dye channel, and then subtract the cell mask 

value (Morphology parameter) from this mask. Ultimately, the custom mask, termed "receptor 

localization", will indicate the region where receptor clusters are located. As shown in Fig. 5, C cells 

can exhibit either a uniform distribution of the CD4 receptor (left) or discrete clusters, which may 

arise due to developing HIV infection (right). These clusters facilitate the intercellular transmission 

of HIV. 
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Figure 5. Creation of a mask in IDEAS 6.2 software for visualizing the localization of CD4 receptors 

on the surface of the cytoplasmic membrane. Immunostaining, 40x magnification. 

When examining events of interest, they can be isolated into a separate subpopulation for 

analysis (Figure 6). 
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Figure 6. Selection of individual events in the IDEAS 6.2 software image gallery for subsequent 

analysis of subpopulations: A – transition to manual event selection mode; B – images of user-selected 

events, in this example, cells with uneven distribution of CD4 receptors on the cytoplasmic 

membrane. 

Microtubules 

            Microtubules are the largest components of the cytoskeleton. The filaments of 

microtubules play a crucial role in intracellular transport; kinesin proteins are responsible for 

movement towards the plus end, while dyneins facilitate movement towards the minus end. HIV 

exploits both types of transport, initially for transporting the preintegration complex to the nucleus 

[54], and at later stages of infection for moving structural proteins [55] to the cytoplasmic membrane 

[55]. 

HIV regulatory proteins (Tat, Vpu, Vpr) influence microtubule-associated proteins (MAP1A, 

MAP1S, etc.), stabilizing their structure to meet its transport needs [56]. However, the role of 

microtubules in the development of productive HIV infection remains not fully elucidated. Some 

studies have indicated that the absence of microtubules is not critical for the productive course of 

HIV infection [50]. 

However, it is most likely that they are indeed necessary, as there is an alternative perspective 

supported by a series of experiments [57–61].  

Microtubule proteins are popular targets for immunostaining for research purposes or for 

cellular contrast enhancement. Capturing the dynamics of microtubule assembly and disassembly in 

vivo is challenging due to the intricacies involved in staining intracellular targets — requiring that the 

cell be fixed and permeabilized. On a single specimen, cells may be at various stages of infection, so 

the stages of cytoskeletal dynamics during HIV infection are typically assessed within a single 
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culture. This necessitates taking a series of microphotographs and then attempting to identify cells 

with different cytoskeletal states. However, this process is labor-intensive and time-consuming, as 

reliable statistical data collection requires examining no fewer than 100 fields of view on one 

specimen. 

Imaging flow cytometry offers several advantages over other methods for studying microtubule 

rearrangement during HIV infection. In addition to the previously mentioned increase in statistical 

power of experiments and reduction in time spent analyzing samples under a microscope, the IDEAS 

6.2 software for the Amnis series flow cytometers provides a specialized mask for visualizing the 

cellular cytoskeleton (Figure 7). 

 

Figure 7. Selection of a mask in the IDEAS 6.2 software designed to highlight cytoskeletal proteins 

(primarily microtubules due to their size). 

Since microtubules are the largest proteins within this group of organelles, they will be 

prioritized and most likely to be identified within the mask's field of view. 

Direct Detection of HIV Gene Expression and HIV Protein Interactions With Host Cell Proteins 

Molecular cloning and genetic engineering techniques enable the construction of reporter gene 

systems to evaluate the expression of HIV genes [62] or to modify existing gene sequences for 

fluorescent visualization of HIV proteins via the mechanism of FRET (fluorescence resonance energy 

transfer) [63,64].  

A reporter gene is a gene encoding a fluorescent protein linked to the existing promoter of 

another gene [65]. Upon promoter activation, the fluorescent protein is expressed alongside the HIV 

gene or genes, allowing for the monitoring of their transcription. This model system offers several 

advantages: it eliminates the need for additional staining and preparation steps, allows for the 

acquisition of rapid and reproducible results, and enables the assessment of gene expression in live 

cells. 
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FRET microscopy, or Förster Resonance Energy Transfer, is based on the interaction between 

two fluorochromes: one serves as a photon acceptor and an energy donor for the other fluorochrome. 

This effect occurs when two molecules are in close proximity and the emission spectrum of one 

molecule overlaps with the emission spectrum of the other [66,67]. Such a system is employed for 

studying protein interactions, as the donor and acceptor will only function in close contact (distance 

<10 nm). Fragments of specific fluorochromes are attached to the protein genes. If the two molecules 

do not interact with each other, the fluorescence detector records the emissions of the two molecules 

separately. However, if the donor and acceptor are within 10 nm of each other, their combined 

emission will fall within an intermediate range between the emission peaks of the two molecules. The 

value of detecting such construction is significantly enhanced when combined with data on the 

spatial distribution of the signal. Therefore, imaging flow cytometry is a powerful method for 

assessing FRET, allowing researchers to obtain information on fluorescence levels along with the 

localization of luminescent spots within the cell. 

The Amnis flow cytometers software of features a specialized tool for analyzing dye co-

localization – the Co-localization wizard. This function simplifies the analysis of experimental results 

by providing a series of two-dimensional graphs with prompts on which specific population should 

be gated at each step. Initially, the software will prompt the user to identify the fluorescence channels 

of the samples, followed by the selection of focused and singular cells, and finally, the population of 

cells exhibiting fluorescence. The outcome of the wizard's function is an emerging population of cells 

with co-localization of the two fluorescent samples. 

Conclusions 

            Imaging flow cytometry represents a significant advancement in integrating the 

foundational techniques of cell biology: flow cytometry and microscopy. This method combines the 

best features of its classical predecessors, specifically the high statistical power due to the analysis of 

a large number of events and the visualization of results through microphotographs of all analyzed 

events. It is important to highlight the additional capability of flow cytometry instruments equipped 

with imaging to work with masks. High-quality visualization and contrast of individual cell 

components require the use of masks in image processing. 

Besides these advantages, imaging flow cytometry platforms are equipped with highly capable 

software, offering features such as the delineation of individual cell compartments and virtual sorting 

of events for further analysis of subpopulations. 

For all these reasons, imaging flow cytometry is a convenient tool for investigating HIV 

infection. HIV has a complex life cycle and a wide array of regulatory proteins for interactions with 

the host cell. Its impact on the human cell life cycle and metabolism remains a subject of study and 

debate, particularly concerning the mechanisms involved in cell-to-cell transmission. 

The main types of masks used for the discussed applications of flow cytometry in HIV infection 

research are presented in Table 1. 

Table 1. Tools for image analysis in imaging flow cytometry for the investigation of certain cellular 

processes during HIV infection. 

Research subject Research method Imaging in IDEAS 6.2 

 

Latent reservoirs of HIV 

FISH Spot counting wizard; 

Nuclear localization wizard 

Transcripts of host genes and 

HIV genes 

FISH Spot counting wizard 

Clustering of cellular 

receptors 

Immunocytochemistry Peak mask without the signal 

from Morphology mask 

 (Peak AND NOT Morphology) 
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Cytoskeletal remodeling Immunocytochemistry Cytoskeleton mask 

Interactions between host cell 

proteins and HIV proteins 

FRET Co-localization mask 

Imaging flow cytometry currently lags behind traditional flow cytometry in terms of the flow 

rate and the ability to physically sort cells. Microscopy can achieve superior resolution compared to 

imaging flow cytometers, particularly when specific equipment models are used. 

          Imaging flow cytometers serve as a supplementary tool rather than a complete replacement 

for certain laboratory equipment. Nonetheless, as technology continues to progress, there is potential 

for an emergent generation of instruments that will incorporate physical cell sorting capabilities and 

improved resolution. This advancement will likely stem from the integration of novel technologies 

in the fabrication of electronic components and optics. 
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