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Cryptosporidiosis, caused by the ubiquitous protozoan parasites Cryptosporidium hominis and Cryptosporidium parvum is a widely spread infectious disease and a leading cause of acute, persistent and chronic diarrhea worldwide 1. Transmission of the pathogen occurs by contaminated water and food, through exposure to infected animals, and by fecal-oral contact. The Environmental Protection Agency estimates that 2.1-4.3 million cases of cryptosporidiosis occur annually in the United States alone 2. Cryptosporidium is one of the most commonly reported enteric pathogens in both immunocompetent and immunocompromised individuals 1. Cryptosporidium species have the ability to sicken a large proportion of the population after contamination of a point source of water 3. Many features of Cryptosporidium enhance its infectivity and potential to cause widespread outbreaks. Infectious cysts are ubiquitous, small (4-6(m), hardy and resistant to many chemical disinfectants, which classifies Cryptosporidium as an NIH/CDC Class B Agent of Bioterrorism, as demonstrated by the >400,000 persons affected in the largest recorded water-borne outbreak in the history of the United States. It has been estimated that infections by this parasite account for 6% of all diarrheal disease in immunocompetent individuals and occurs in 24% of AIDS patients in which the clinical outcome of the infection is potentially life threatening 4. Moreover the frequency of persistent diarrhea caused by a Cryptosporidium infection among AIDS patients was only very recently recognized as one of the reasons for impairment of antiviral drug adsorption at the intestinal level leading to failure of the treatment. Furthermore, one third of the chronic diarrhea reported among children of developing countries is now considered to be due to Cryptosporidium5. In these children cryptosporidiosis might lead to physical and intellectual impairment . However, the full extent of the impact of cryptosporidiosis on humans is yet to be defined. Clearly, its natural prevalence in endemic areas, coupled with its low infectious rate and insensitivity to water treatment render the disease a high potential to cause disease in travelers as well as other unprotected adults. Reliable therapeutics for cryptosporidiosis are not available and the study of the human immune response to an infection remains largely uncharacterized. Furthermore, cryptosporidiosis has a devastating, often lasting impact in immunocompromised or malnourished individuals 6.


In an attempt to ameliorate this problem, our lab has an employed reverse vaccinology approach7 to identify proteins in Cryptosporidium that could represent potential chemotherapeutic as well as immunotherapeutic targets. As a result, SRK, one of the proteins identified in our analysis, has been characterized as an ecto-ATPase (Apyrase) that degrades nucleotides to nucleosides. In addition, our laboratory showed that Cryptosporidium is unable to synthesize nucleotides; suggesting that SRK is an essential membrane associated protein that could be required for scavenging nucleotides for the parasite. If so, this gene could be doubly effective as an essential gene that can be targeted for both immunoprophylaxis and immuno (or chemo) therapy. Recently our laboratory showed that antibodies directed against this protein are able to inhibit Cryptosporidium infection in human HCT-8 cells. Moreover, immunolocalization experiments suggested that the protein is located in the apical complex, opening the possibility that this protein may be exported to the host cell playing a central role in the survival of the parasite. Thus, SRK is truly a novel target with high potential as a vaccinogen for Cryptosporidium. 

Currently the goal of our lab is focused in characterize the role of SRK (Apyrase) in the interaction of Cryptosporidium with the host cell as well as its role as a potential as chemo/immunotherapeutic target. Thus, my project will characterize the transcriptional changes induced by SRK in HCT-8 cells.

Progress Report

During the summer we addressed two main questions:

1. What is the expression pattern of SRK during the infection of sporozoites of Cryptosporidium in HCT-8? 

In order to gain insights into the potential role of the SRK in the infection and subsequent development of the intracellular cycle of the parasite, we measured the expression of SRK during the first 18 hrs of the infection. Hence we performed a series of RT-PCR experiments using RNA extracted from infected cells at different time points. Thus, we extracted total RNA with the RNeasy Mini Kit (QIAGEN Inc, Valencia, CA) from oocysts at three points after thawing: 0 min, 30 min, and 1 hour. Remaining oocysts were then excystated and sporozoites were used to infect HCT-8 cells. We extracted RNA from the infected cells at 3h, 12h, and 18h after infection. To ensure the quality of the analysis, we removed potential DNA contamination from samples by treating them with DNAase (Ambion) following manufacturer instructions. The RT-PCR experiment was performed in two steps, initially we synthesized cDNA from mRNA using poly-T primers and reverse transcriptase enzyme (Qiagen) following manufacture’s instructions. Then using the cDNA as template, we performed PCR using primers specific to the SRK gene. As observed in Fig.1 SRK gene is transcribed during the intracellular cycle of the parasite suggesting a potential role of this enzyme during the parasite intracellular growth.

2. What is the effect of SRK in the transcriptional profile of HCT-8 cells?

Preliminary results suggest that antibodies directed against SRK are able to block the intracellular growth of the parasite, suggesting that this enzyme plays a critical role during the development of the parasite, Thus we decided to investigate the mechanisms associated to it using microarray technology.
Thus, we have completed the hybridization and scanning of 4 Human U1333 v2 arrays (Affymetrix) with total RNA extract from HCT-8 cells treated with either 0.1 µM of recombinant SRK  for 3 hours (2 microarrays) or no treatment (2 microarrays). The resulting CEL files were normalized using the RMA method (Irizarry et al, 2003) and the differentially expressed genes were identified by pairwise t-tests. A snapshot of regulated genes is shown in the table below. Interestingly, Anti-apoptotic genes were upregulated by the treatment with SRK suggesting that the parasite trough SRK is able to modulate and block apoptosis leading to efficient intracellular replication.
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Figure 1. 1% agarose gel stained with ethidium bromide showing the results of rt-PCR of SRK gene in C. parum. In order, lanes 1-12 had the following: 100 bp DNA ladder, oocyst 0 mins, oocyst 30 mins, oocyst 1 hour, sporozoite 3h, sporozoite 3h, sporozoite 12h, sporozoite 12h, sporozoite 18h, C. parum DNA, C .parum DNA, and water. The size of the bands in lanes 7-11 are approximately 600 base pairs.


To check for DNA contamination, we performed the same PCR reaction on all RNA samples without treatment with reverse transcriptase. No amplification was seen, suggesting that the bands seen in figure 2 are result of cDNA synthesized from RNA. The bands suggests that SRK is transcribed only late (after 3 hours and up to 18 hours) in the sporozoite life stage.
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Fig 2. Pathway analysis of differential expressed genes after treatment with SRK. After statistical analysis, selected genes were analyzed using Ingenuity pathways. In red genes that are upregulated and in green those down regulated.

Goals, Plan and budget of the upcoming academic school year 
1. Repeat microarray experiment for stronger statistical analysis (done at VCU)
2. Time course microarray experiment: how SRK affects transcriptional profile of host cells with longer incubation periods (done at VCU)
3.Using Ingenuity software’s clustering analysis, identify changes in gene pathways (no cost)

4. Confirm results with quantitative real time PCR:

          1. Culture HCT-8 cells. (500 dollars)
          2. Incubate HCT-8 cells with SRK 

          3.  Extract RNA and perform quantitative real time PCR.

Materials required: 

1. RNA extraction kit 200 dollars

2. rt-PCR kits 100 dollars

3. FAM and TAMRA probes 100 dollars.

For experiments done at VCU, I will travel to Richmond during my Winter Break, and stay approximately 4 nights. We estimate these costs will be 1,400 dollars.
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